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Preface to the Second Edition

This second edition of Principles o fClinical Toxicology emphasizes the same goal as the First
Edition. It is a textbook for students of pharmacy and the health sciences to help them learn
the principles of clinical toxicology. Principles are rules of action or reasons why certain
procedures are undertaken; they are also the foundation of a science. This book adheres to its
title in that it is neither reference book nor laboratory manual; rather, it attempts to explain
fundamental principles. By understanding the basis for events that occur and the reasons why
a certain treatment is used or perhaps not used, we should then be able to approach any toxic
emergency with few reservations.

Since publication of the First Edition, we received a number of suggestions for change and
have incorporated those that strengthen the book as a text. This Second Edition has been
updated, and many portions revised in format and content to reflect contemporary toxicology.
For example, anticholinergics, phenothiazines, and tricyclic antidepressants have been com-
bined into one chapter. Topics such as toxicokinetics and cardiovascular drugs have been
added. Case studies following each chapter have been expanded.

T A. Gossel
J. D. Bricker
1989
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Preface

Since publication of the second edition of Principles of Clinical Toxicology, there have been
many changes in protocols for managing various toxic ingestions. New antidotes have been
added. Flumazenil, a specific antagonist for benzodiazepine derivitives, is one example. Suc-
cimer, a chelating agent for lead, is another. Particular treatments have changed; for example,
physostigmine is not now recommended for routine use in anticholinergic drug poisoning.

The third edition of Principles o fClinical Toxicology maintains the same goal as the previous
editions. It is a textbook for students of pharmacy and the health sciences to help them learn
basic principles of clinical toxicology.

Selected topics have been expanded, others added where necessary, and still others have
been deleted. We welcome your suggestions and criticism.

T. A. Gossel
J. D. Bricker
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TOXICOLOGY IN PERSPECTIVE

INTRODUCTION TO TOXICOLOGY

Toxicology is a science that has evolved over
the last several years. New concepts and theo-
ries are being developed and implemented into
clinical practice. However, there is one basic
concept that does remain fairly constant: cer-
tain principles of toxicology do not change.
Principles are rules for action, basic concepts,
or reasons why certain procedures are under-
taken. Principles also form the foundation of
a science.

Toxicology is not an easy term to define.
The word is derived from Greek and Latin
origins (L. toxicum = poison; Gr. toxicom =
arrow poison; L. logia = science or study) and
literally means a study of poisons on living
organisms. A foxicologist may be described
as an individual who studies or works in the
area of toxicology, but toxicology is not re-
stricted to such a narrow definition, and toxi-
cologists do much more than simply work
with poisons. In its broadest sense, the science
of toxicology involves all aspects of the ad-
verse effects of chemicals on biologic sys-
tems, including their mechanisms of harmful
effects, conditions under which these harmful
effects occur, socioeconomic considerations,
and legal ramifications.

HISTORICAL PERSPECTIVES

Toxicology is a relatively new discipline. It
has slowly developed over the years, begin-
ning with an essence of observation and reach-
ing its current status as an analytical science.
This development is exciting to study, but an
in-depth consideration is beyond the scope of
this chapter. Interested students should consult
Holmstedt and Liljestrand (6) or Casarett and
Bruce (2) for specific details. There is one
individual, however, who deserves to be cited.
He, more than anyone else, established toxi-
cology as an absolute science.

The father of modem toxicology was Ma-
thieu Joseph Bonaventura Orlila (1787-1853).
Orlila was a Spaniard who served as attending
physician to Lx)uis XVIII of France and taught

at the University of Paris. During his early
professional life, Orfila quickly realized the
inadequacy of toxicology as a science. So, in
1815 he wrote the hrst book on general toxi-
cology that was devoted to adverse effects of
chemicals (21). Before that time, toxicology
had been largely descriptive, leaving wide
gaps of information open for broad and often
erroneous interpretation. Intuitive hunches of-
ten served as the sole basis for determining
the cause of a poisoning incident.

Orfila, concerned with legal implications of
poisoning, pointed out the importance of
chemical analysis in establishing a definitive
cause of poisoning. He then devised analytical
procedures, many of which are still in use
today, for detecting specific chemicals in body
fluids and tissues. Orfila’s text established the
basis for future experimental and forensic tox-
icologic evaluations and subsequently was
translated into several languages. He eventu-
ally supplemented his book with numerous

Biology Chemistry

Zoology Biochemistry Botany

Genetics Physiology

Pharmacology

Occupational Environmental Veterinary

Forensic Clinical

Biochemical
Toxicology

Inhalation
Toxicology

Pyrotoxicology

Genetic Toxicology Regulatory Toxicology

Aquatic
Toxicology

Behavioral
Toxicology

Phytotoxicology

FIG. 1.1. The evolution oftoxicology with its nu-
merous applications.
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monographs that discussed additional toxico-
logic information in detail.

During the developmental years, many prin-
ciples and techniques from various basic bio-
logic and chemical sciences were incorporated
into this new science called toxicology. Figure
1.1 illustrates the progression of information
received by the student of toxicology and the
basic sciences upon which toxicology is
founded. The basic sciences are followed at
another level by specific subdisciplines of tox-
icology that have evolved over the years and
some of the specialty areas within these disci-
plines. These specialty areas will be discussed
briefly to define the limits of each and to pro-
mote an appreciation of modem toxicology,
which has developed into a meaningful and
necessary science.

DIVERSITY OF TOXICOLOGY

Occupational (industrial) toxicology grew
out of a need to protect workers from toxic
substances, making their working environ-
ment safe. The objective is to prevent impair-
ment of the health of individuals while on the
job. Occupational diseases caused by indus-
trial chemicals account for an estimated
50,000 to 70,000 deaths and 350,000 new
cases of illness each year in the United
States (29).

The industrial toxicologist is responsible for
defining permissible concentrations of poten-
tially toxic agents that are safe and do not
produce adverse acute symptoms of chronic
diseases. As a result of the need for workers
to be protected, the Occupational Safety and
Health Act (OSHA) of 1970 was passed. Un-
der the Secretary of Labor, OSHA was estab-
lished to assure that no employees will suffer
diminished health or functional capacity or
limited life expectancy as a result of their
work experiences.

Two agencies are particularly critical to the
operation of OSHA. One is its sister agency,
the National Institute for Occupational Safety
and Health (NIOSH). This federal body is
charged with developing safety and health

standards and is involved in the research as-
pect of occupational toxicology. It publishes
Criteria Documents on specific chemicals,
giving pertinent toxicity and safety informa-
tion. For example, NIOSH lists 8-hr/day expo-
sure limits for chemicals [threshold limit
values (TLVs)], the immediate first aid proce-
dures in case of skin or eye exposure, and so
forth (29).

The other agency is the American Confer-
ence of Governmental Industrial Hygienists
(ACGIH), which is devoted to setting safety
standards for chemicals in the working envi-
ronment. The research undertaken by this
group results in useful data, such as threshold
limit values and maximum allowable concen-
trations (MACs) of chemicals. Environmental
toxicology is a broad discipline that encom-
passes the study of chemicals that are contam-
inants of food, water, soil, or the atmosphere.
It was Dr. Harvey Wiley, of the Food and
Drug Administration (FDA), who first noted
the potential health problems of food additives
(chemical preservatives and dyes), the deplor-
able conditions of the meat-packing industry,
and the many “cure-all” claims for worthless
medicines that, in many cases, probably were
direct or indirect causes of death (26). Today,
specific information must be supplied to the
ro6A concerning the use of any substance,
such as a food additive, before the food is
released for consumption. Hie list of safe food
additives is referred to as the GRAS list (gen-
erally recommended as safe).

Environmental toxicology is also concerned
with toxic substances that enter the lakes,
streams, rivers, and oceans. The most common
environmental toxicology problems are water-
borne viruses and bacteria, waste heat from
electrical plants, radioactive wastes, sewage
eutrophication, and industrial pollutants. Fo-
rensic toxicology is the discipline that com-
bines analytical chemistry with essential toxi-
cologic principles to deal with the medicolegal
aspects of the toxic effects of drugs and chem-
icals on humans. The role of forensic toxicol-
ogy is to help establish cause and effect rela-
tionships between exposure to a drug or
chemical and the toxic or lethal effects that
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result. To confirm a cause and effect relation-
ship unequivocally, the forensic toxicologist
relies on specific, highly sensitive analytical
methods that can efficiently isolate, identify,
and quantitatively determine the toxic com-
pound in question firom biologic fluids and
tissues. Clinical toxicology, as might be ex-
pected, is involved with specific pathophysio-
logic changes caused by toxic agents and the
management of these events. Clinical toxicol-
ogy encompasses the study of chemicals origi-
nating from all sources. It is concerned with
all aspects of the interaction between these
chemicals and humans. Veterinary toxicology
is the animal aspect of clinical toxicology.
Cattle, sheep, and other farm animals and
household pets are frequently poisoned by
plants and chemicals. Toxicologists who are
trained in veterinary medicine or animal hus-
bandry tend to them.

TOXICITY: WHEN DOES IT START?

When considering the term foxic or foxicity,
one of the first images that may come to mind
is the traditionally pictured “skull and cross-
bones.”” This image of death and destruction
is automatically associated with toxicity. But
what is a toxic substance? Do all toxic chemi-
cals cause death and destruction? What about
the converse? Are chemicals that are usually
considered nontoxic always safe?

TOXIC SUBSTANCES

A poisonous or toxic substance is any
chemical that is capable of producing detri-
mental actions on a living organism. As a re-
sult of damage, there is an alteration of struc-
tural components or functional processes
which may produce injury or even death. An
important principle to remember is that any
chemical may be poisonous at a given dose
and route of administration. Breathing too
much pure oxygen, drinking excessive
amounts of water, or ingesting too much salt
can cause poisoning or even death (22). On
the other hand, even the classic “toxic’’

chemicals may be ingested in subtoxic quanti-
ties and not cause symptoms of toxicity (17).
We cannot truthfully segregate those com-
pounds that are generally considered to be
toxic (e.g., cyanide, arsenic, and lye) from
those assumed to be nontoxic. All chem-
icals are potentially toxic under the proper
conditions.

Many people assume that signs and symp-
toms of poisoning start the moment exposure
occurs. Although this is true in some cases,
it is an incorrect assumption for many toxic
exposures. In some instances, the onset of
toxic effects is delayed hours or days. Certain
pesticides, heavy metals, and timed-release
dosage forms of pharmaceuticals illustrate a
delayed onset. Although people are exposed
to a wide variety of toxic substances each day,
they often do not display any symptoms of
toxicity.

An important principle is illustrated by con-
sidering the hazard factor of chemical sub-
stances. The hazard factor describes a sub-
stance’s packaging, formulation, access, and
other components of availability (14). An ex-
tremely toxic substance may be packaged with
a child-resistant safety closure or in a con-
tainer with a tiny aperture. It would be difficult
for a child to gain access to it; thus, it has a
low hazard factor. Another extremely toxic
substance may be rarely encountered around
the home. It, too, would have a low hazard
factor. And, in a third case, substances with
mild to moderate toxicities may be readily
available to children or adults. These would
be considered to have a much higher hazard
factor because of availability, even though the
chance of serious poisoning is minimal.

Toxicity Values

People often ask when a chemical is consid-
ered to be toxic or how much of a substance
must be ingested to cause symptoms of toxic-
ity? Chemicals produce toxic effects on a bio-
logic system whenever they reach a critical
concentration in the target tissues. Overall, the
toxicity of a substance is routinely expressed
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TABLE 1.1. Approximate LDso ofa selected variety of chemical agents

Agent Animal

Ethyl alcohol Mouse
Sodium chloride Mouse
Ferrous sulfate Rat
Morphine sulfate Rat
Phénobarbital, sodium Rat
DDT* Rat
Picrotoxin Rat
Strychnine sulfate Rat
Nicotine Rat
d-Tubocurarine Rat
Hemicholinium-3 Rat
Tetrodotoxin Rat
Dioxin Guinea pig
Botulinus toxin Rat

From ref. 15.

Route* LDjo (mg/kg)
p.o. 10,000
l.p. 4,000
p.o. 1,500
p.o. 900
p.o. 150
p.o. 100
8x. 5
i.p. 2
LV. 1
LV. 0.5
LV. 0.2
Lv. 0.10
i.v. 0.001
Lv. 0.00001

' L.p., intraperitoneal; i.v., intraverKMJs; p.o., per os (oral); s.c., subcutaneous.

“DDT, dichlorodiphenyltrichloroethane.

by an LD50 value, or the dose of a chemical
required to produce death in 50% of'the organ-
isms exposed to it. An LD» determination is
used to categorize the potential toxicity of
chemical compounds to humans.

Determinations of LDso are plagued with
variations. Species variations, interlaboratory
differences in values, and the fact that it is
very difficult to correlate these data directly
to known exposures are a few of the variables
that make an LDso value only an estimate.
These values, then, are said to “estimate”
the relative degree of toxicity for a given
compound.

Table 1.1 illustrates the wide range of doses
of different chemicals that induce lethal ef-
fects in animals. As can be seen from the table,
some chemicals cause death in microgram
quantities; these can, therefore, be described
as extremely toxic. Other chemicals may be
relatively harmless in doses in excess of sev-

eral grams. A toxicity rating scale for chemi-
cals is used to approximate their potential tox-
icity. Table 1.2 illustrates this rating scale,
which lists the categories of toxicity based
on their probable lethal oral dose in humans.
Another application of a LDso determination
is to compare the value with the EDso, the
dose of a chemical that is therapeutically ef-
fective in 50% of the subjects receiving it.
From this comparison, a therapeutic index or
margin of safety can be calculated.

The therapeutic index (TI) is deiined as the
ratio of the LD to the EDX (TI = LDso/
EDso)- Figure 1.2 illustrates hypothetical dose-
response curves for the therapeutic effect and
lethal effect of a given compound. As the LDso
curve shifts to the left, the TI value becomes
smaller and, thus, the compound has a reduced
margin of safety. (It is more toxic.) An even
more critical technique with which to evaluate
a compound for the potential to produce toxic-

TABLE 1J2. Toxicity rating chart for chemicais in générai

Rating Dose
Practically nontoxic >15 glkg
Slightly toxic 5-15 g/kg
Moderately toxic 0.5-5 gkg
Very toxic 50-500 mg/kg
Extremely toxic 5-50 mglkg
Super toxic <5 mglkg

From ref. 3.

Probable oral lethal dose for average 150-pound adult

More than 1 quart

Between 1 pint and 1 quart
Between 1 ounce and 1 pint
Between 1 teaspoonful and 1 ounce
Between 7 drops and 1 teaspoonful
A taste (<7 drops)
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Dose (mg/kg)

RQ. 1.2. Hypothetical dose-response curves il-
lustrate the therapeutic effect (EOso) and the le-
thal effect (LOso) of a given chemical.

ity relative to its margin of safety is to calcu-
late the ratio of the LDi to the EDD.

Some compounds are considered relatively
harmless because large quantities would need
to be ingested to produce toxic or lethal action
(Table 1.2). Table 1.3 shows that not all sub-
stances found around the home are toxic.
These items have been reported to be involved
in household poisonings, but these usually can
be regarded as nontoxic ingestions. Unless un-
usually large quantities are ingested, no seri-
ous toxic effects should result. Knowing when
emergency treatment is not needed is just as
vital as knowing when it is required (5,19).

POISONING

Accidental and intentional poisonings con-
stitute a major cause of morbidity and mortal-
ity in the United States. Hiere is no way to
determine accurately the exact incidence of
poisoning, since not all poisonings are re-
ported. Although it is reported that at least
5,000 to 10,000 Americans die from poisoning
each year (28), it is quite possible that there
is another group of victims, in number equal
to or exceeding 5,000 to 10,000, who die each
year from unreported poisonings. For exam-

pie, in an automobile fatality, the victim may
have taken a medication, such as an antihista-
mine, which caused drowsiness while driving.
The cause of death in this case would probably
be reported as a vehicular accident rather than
as a drug-induced incident. Or the victim may
have been at work in a closed area where an
internal combustion engine was running and
have inhaled a large quantity of carbon mon-
oxide. Shortly after leaving the area, the vic-
tim may have collapsed of an apparent “ heart
attack.” If the blood was never analyzed for
carbon monoxide, the death may have been
reported as due to natural causes rather than
acute carbon monoxide poisoning.

There is also another way to consider the
data. It is very possible that a majority of re-
ported “poisonings” should, more accurately,
be classified as “ingestions” because the
quantities ingested were much too low to
cause toxic symptoms (25). The bottom line
is that the actual number of true poisonings
in the United States or in any other country
is not known.

The American Association of Poison Con-
trol Centers began collecting data in 1983 and
has continued to monitor the incidence, fre-
quency, severity, and management of acciden-
tal and intentional poisoning reported by par-
ticipating poison control centers. Some of
these data will be presented, but the reader is
advised to consult the September issues of the
American Journal o fEmergency Medicine for
annual data.

Categories of Substances Frequently
Involved with Poisoning

The leading incidences of poisoning expo-
sures in children under six years of age are
listed in Table 1.4. At the top of the list are
cosmetics and personal care products. Some
of the items in this category include perfume,
cologne, aftershave fragrances, soaps, hair
shampoos, deodorants, creams, lotions, and
makeup.

The second category includes various
cleaning substances, such as bleaches, ammo-
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TABLE 1.3. Partial listing of substances that are usually not toxuf

Antacids

Antibiotics

Baby product cosmetics

Ballpoint pen inks

Bath oil (castor oil and perfume)

Bathtub floating toys

Bleach (less than 5% sodium hypochlorite)

Body conditioners

Bubble bath soaps

Calamine lotion (without phenol)

Candles (beeswax or paraffin)

Caps (toy pistol) (potassium chlorate)

Chalk (calcium carbonate)

Cigarettes or cigars (small amounts of
nicotine)

Clay (modeling)

Contraceptives

Cosmetics

Crayons (marked A.P., C.P.)

Dehumidifying packets (silica or charcoal)

Deodorants

Deodorizers (spray and refrigerator)

Detergents (phosphate type, anionic)

Elmer's glue

Etch-A-Sketch

Fabric softeners

Fertilizer (if no insecticides added)

Fish bowl additives

Glues and pastes

Golf ball (core may cause injury)

Greases

Hair products (dyes, sprays, tonics)

Hand lotions and creams

Hydrogen peroxide (medicated, 3%)

Indelible markers

Laxatives (small amounts)

From ref. 19.

Lipstick

Lubricant

Lubricating oils

Magic Markers

Makeup (eye, liquid, facial)
Matches

Mineral oil

Motor oil

Newspaper

Paint (indoor or latex)

Pencil (lead-graphite)

Perfumes

Petroleum jelly

Phenolphthalein laxatives
Play-Doh

Polaroid picture coating fluid
Porous tip ink marking pens
Putty (less than 2 ounces)
Rouge

Rubber cement*

Sachets (essential oils, powder)
Shampoos (regular, not treated)
Shaving creams and lotions
Soap and soap products (hand soaps)
Spades

Spackling compound

Suntan preparations
Sweetening agents (saccharin, aspartame)
Teething rings (water)
Thermometers (ntercury)*
Thyroid tablets, 3 g

Toilet water

Toothpaste

Vitamins (without fluoride or iron)
W ater colors

Zinc oxide

' If large quantities of any of these substances are irrgested, consult a poison control center.
* May cause acute poisoning if inhaled In a closed area.

* Broken glass may induce injury.

nia, household disinfectants and deodorizers,
laundry detergents, fabric softeners, oven
cleaners, toilet bowl cleaners, and automatic
dishwasher detergents. As a group, household
cleaning agents do not exhibit a high toxicity
hazard, since many produce little more than
minor gastrointestinal intolerance after ingés-
tion. The exceptions to this, of course, include
products containing strong acids and alkali.
The third highest ranking category of toxic
exposures involves plants. This should not
surprise anyone in view of the current popu-
larity of cultivating indoor and outdoor variet-
ies of plants. Furthermore, many plants bear
attractive fruit or berries that appear enticing

to inquisitive children. Few people who culti-
vate plants understand the potentially toxic ef-
fects that may occur after their ingestion. They
fail to warn children of the danger and take
no precautionary measures to avoid the poi-
soning. Approximately 30% of all reported
toxic exposures are caused by substances con-
tained in the first three categories.

On a more positive side, however, most
plant ingestions do not cause serious toxicity,
and only simple supportive and palliative
measures are usually necessary. There are ex-
ceptions, of course, and some plants can be
deadly if ingested. Plant poisoning is dis-
cussed in chapter 11).



TOXICOLOGY IN PERSPECTIVE

TABLE 1.4. M e * poison exposures®

Total pediatric

exposures

Substance (1985-89)
Cosmetics and personal care 395,985
Cleaning substances 386,052
Plants 375,649
Analgesics 325,539
Coughl/cold preparations 249,038
Topicals 175,378
Foreign bodies, toys 163,722
Vitamins 145,872
Hydrocarbons 129,024
Antimicrobials 122,686
Irrsecticldes/pesticldes 100,105
Gastrointestinal preparations 99,636
Chemicals 87,463
Arts/crafts/office supplies 80,494
Alcohols 80,443
Hormones 63,157

From ret. 14.

Number of
deaths

Number of
major effects

57
205
33
119
72
55
21
33
168
28
122
48
72
3
46
1
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‘ Total reported exposures in children younger than six years from 1985 through 1989 was 3,852,818.

Pharmaceuticals comprise the majority of
the remaining categories in Table 1.4. The
highest incidence involves analgesics, such as
acetaminophen, aspirin, and ibuprofen, which
are followed by cough and cold preparations.
In pediatric fatalities, the most frequently
encountered ingested substances are iron
supplements.

Ilere has been a significant decline in the
number of poisoning fatalities in children
(12,18,25). This is largely due to child-
resistant safety closures, product reformula-
tion, parental awareness of poisoning poten-
tial, and intervention by poison centers and
other health professionals. However, toxic
drugs that cause poisoning are more often out
of their usual storage location and in non-
child-resistant prescription packaging or in no
container (7).

Proper management of the poisoned patient
can prevent serious damage and save lives. It
is estimated that over three-fourths of all calls
to poison control centers can be handled ade-
quately over the telephone if sufficient, accu-
rate information is given (16). Generally, all
that is required is reassurance, not treatment
(Fig. 1.3). It is, therefore, extremely important
that health professionals understand basic
principles of clinical toxicology and know

how these principles apply to the poisoned
patient.

Who Is Poisoned? Why Do
Poisonings Occur?

Statistics indicate that the majority (approx-
imately 70%) of poisonings occur in children
under age 5 (19). A study of nearly 2,000
potentiaUy toxic ingestions in children under
6 years of age revealed that 30.1% of the poi-
soned victims had experienced a prior poison
exposure (Table 1.5) (13). Children older than
5 years constitute the next group (approxi-
mately 15%), and adults comprise the rest.
Although the number of poisonings in chil-
dren younger than 5 years is high, overall mor-
bidity and mortality are remarkably low ex-
cept for certain classes of poisons that are
invariably fatal (16).

The reasons why children younger than 5
years constitute the largest poisoning group
are many and varied. No study of basic princi-
ples of toxicology can be complete without
indicating some of those causes.

A toddler’s immediate environment
cludes areas around the home about which
adults are generally not concerned. Adults

in-
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FIG. 1.3. A pharmacistanswers a question from
a concerned caller regarding a possible poison-
ing. (Photograph courtesy of Miami Valley Hos-
pital, Dayton, OH.)

take few precautions to keep these areas se-
cure and free from poisons. The space under
the kitchen sink, for example, is out of the
immediate sight of most adults. To view this
area thoroughly, an adult must stoop low,
bend the knees, or actually kneel or sit on the
floor. To a child, however, this area is in direct
line of sight, affording an entirely new world
to conquer (Fig. 1.4).

Another example is mothballs that may
have fallen from a closet shelf onto a dark

FIG. 1.4. A curious child and his environment.

comer on the closet floor. They are probably
not seen by an adult but are quickly detected
by an inquisitive toddler who believes that
they are candy meant to be devoured.
Children are curious and investigative. A
closed cabinet door or even a high shelf
quickly becomes a major challenge to the
child to see what is behind that door or on

TABLE 1.5. Effect ofage on repeater rates

Number of
Patient age repeaters
(years) (%)’

<1 34 (12.0)

1 141 (23.9)

2 242 (37.0)

3 106 (44.2)

4 42 (34.7)

5 20 (43.5)
Unknown 0 (0.0)

Total 585 (30.1)

From rsf. 13.
* Percentages shown are for each age.

Number of first

Number in

exposures total sample
(%) (%)
244 (86.2) 283 (14.6)
445 (75.4) 590 (30.4)
409 (62.5) 654 (33.7)
133 (55.4) 240 (12.4)
79 (65.3) 121 (6.2)
26 (56.5) 46 (2.4)
1(11.1) 9 (0.5)
1,337 (68.8) 1,993 (100.0)

“Includes 21 patients where repeater status is unknown.
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that shelf. A youngster may quickly open the
door or stack books or boxes to get to the
shelf. There are numerous reports of young-
sters building elaborate raised platforms to
gain access to the top of the bathroom sink,
which then allows fairly easy access to drugs
in the medicine cabinet. In many instances,
these climbing aids were constructed in a few
minutes while the parent was out of sight.
Remember: Children act fast ... so do
poisons!

Many household products are marketed in
attractive packages or contain enchanting la-
bels that are intended to catch the eye of po-
tential purchasers. These labels that picture
spring meadows layered with colorful flowers,
dancing maidens or fairies, musical notes, or
fresh citrus thiits may also catch the roving
eye and challenge the inquisitiveness of a
young child. The bright red berries on the ev-
ergreen shrubbery outside the house may ap-
pear to a child to be the same as the red berries
in last night’s dessert, and so into the mouth
they go.

Tlie natural tendency of children is to place
anything and everything into their mouths.
That the substance may bear no resemblance
to food and perhaps does not even taste good
is purely irrelevant to a youngster. A young
child may be unable to distinguish between
good and bad tastes. Every parent is aware that
young children will often accept and consume
floods at the dinner table without thinking
about their taste or appearance, until an older
(and wiser!) brother or sister “teaches” them
that they are not supposed to like the taste
of certain vegetables and other foods. Taste
discrimination is a trait that is learned later.
For example, a mothball, which an adult
would immediately spit out, may remain in a
child’s mouth for a sufficient time to allow
a significant amount of the chemical to be
absorbed.

Parents foster poisonings because they take
medication in the presence of their children.
The old adage, “If I see it, I can do it,” is
especially meaningful in young children. In
some instances, parents administer candy-
flavored medications or multiple vitamins to

FIG. 1.5. Iron and vitamin tablets appear much
the same as pieces of candy. Can you distin-
guish between them?

children. Because of the substance’s desirable
flavor, an unattended child may return to that
same container for more “candy.” Too often,
prenatal vitamins and iron tablets resemble
candy confection products (Fig. 1.S).

McCormick et al. (17) presented an interest-
ing example that illustrated the extent of poi-
soning of infants during diaper changing. In
138 cases of poisoning dining this procedure,
19% of the infants were directly handed the
harmful material to keep them occupied. The
authors also admitted that the actual number
of parent-aided poisonings was probably even
greater than reported. The case histories
“Nonaccidental Poisoning in a Child” and
“Overdose Partly as a Result of a ‘Large’
Teaspoon” at the end of this chapter describe
how a grandparent caused poisoning in a 2-
month-old child in one case and how an overly
large teaspoon measure resulted in an over-
dose in the other.

Dosing errors due to the administration of
liquid medication in inappropriate dosing cups
or improper household spoons are quite com-
mon (11). During an 8-day surveillance period
of 99 poison control centers, 34 cases of poi-
soning were reported by 16 of the centers.
Twenty-nine of these incidences occurred dur-
ing the surveillance period. Thirty of the 34
cases involved children 10 years of age or
younger. Four were adults. All reports in-
volved the ingestion of more than the recom-
mended dose of medication; most subjects
took two to three times the recommended
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TABLE 1.6. Reasons for dosing error

Reason %

Teaspoonful confused with tablespoonful 47

Assumed cup was unit of measure 18
Assumed recommended dose was one

cupful 12

Unintentional pediatric ingestion 6

Miscellaneous/otherfunknown 18

From ref. 12.

dose. Recurring reasons for the dosing errors
are listed in Table 1.6.

A brief look around most homes should
convince anyone that poisons are often left in
easy view and, thus, are readily accessible to
the unsuspecting. Count the number of unla-
beled containers around a home that are filled
with some poisonous liquid or solid substance.
Also, observe where these items are stored.
They are often found in unlocked cabinets,
suitcases, or purses; on open shelves; in the
bathroom; under the kitchen or bathroom sink;
on the bedroom dresser; or in the garage or
basement. Too often an item that is normally
kept in a secured area will be removed from
that site for use and then remain within easy
reach of some toddler’s investigative fingers.
It may even remain there for many days,
weeks, or months. Studies have shown that
poisonings have occurred while the substance
was in use or after recent use before return to
its storage site (8,20).

Poisonings also occur because of the pub-
lic’s general lack of concern or apathetic de-
nial that a potential problem always exists.
For example, cleaning aids, paint strippers and
thinners, gasoline, and other highly noxious
products are used in unvented areas. People
may work on an automobile, motorcycle, lawn
mower, or other internal combustion engine
while it is running in an unvented garage,
allowing the accumulation of toxic concentra-
tions of carbon monoxide.

New products are continually being intro-
duced into the market. Frequently, the toxic
potential of the products has not been evalu-
ated completely. Seldom has the toxic poten-
tial been evaluated in persons of various ages,
with certain disease states, or consuming alter-

nate diets. Also, when newer products replace
older ones, there may be significant differ-
ences in toxicity potential, especially if the
new product is used incorrectly. Many prod-
ucts on the market exist in concentrated form.
A product label may indicate that the product
is “slightly alkaline’” and, thus, would be ex-
pected to cause minimal skin irritation. But
the alkalinity of the product may refer to the
diluted substance and, when the concentrate
comes into contact with the skin, it may pro-
duce severe bums.

Manufacturers often change product formu-
lations. A toilet bowl cleaner that at one time
may have been highly alkaline may now be
an acidic product. The switch in ingredients
could have been made subtly. An individual
who is familiar with the older, alkaline prod-
uct may not even consider that the new prod-
uct may be completely different, especially if
the name has not changed. Even though both
products are corrosive, their compatibility
with other cleaning agents would be different,
possibly causing toxic exposure.

Another problem common in acute poison-
ings occurs because the complete name of the
product may not be given to the health profes-
sional who is trying to assess the toxicity of
the compound. The name given may not be
descriptive of the constituents. Clorox, for ex-
ample, is the name of a bleaching product
that contains sodium hypochlorite, whereas
Clorox-2 contains sodium carbonate. Drano
granules consist of sodium hydroxide (S4%),
an alkali, and Drano liquid drain cleaner con-
tains sodium hydroxide and 1,1,1-trichloro-
ethane, a moderately toxic hydrocarbon. Thus,
an important principle is always to make sure
that the product name to which the victim re-
fers is actually descriptive of the ingredients.

The correct diagnosis of a symptomatic pa-
tient may be overlooked because a health care
provider failed to identify the contents of a
product as the source of poisoning. The sec-
ond case study at the end of this chapter, “ The
Missed Diagnosis,”” illustrates the unfamiliar-
ity of some health care professionals with the
names of ingredients of products and the fact
that many of these ingredients may undergo
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metabolic conversion to toxic substances. In
this case the physician was unaware that the
paint thinner contained methylene chloride.
Repeated exposures led to an increase in mor-
bidity and subsequent death.

A disturbing cause of poisoning is that some
product labels contain inaccurate or inappro-
priate treatment information. Previously, us-
ing a salt solution to induce vomiting was con-
sidered appropriate. It is now recognized that
giving salt to a poisoned patient may be more
toxic than the actual poisoning event per se,
and its use has been the cause of some deaths
(see chapter 3). Although labels on newly
manufactured products no longer include such
statements, containers that may have been pur-
chased 10 or more years ago can still be found
around the home. The parent who is instructed
by one of these older labels to administer a
salt solution may be subjecting a poisoned vic-
tim to even more serious intoxication.

Consider yet another example of erroneous
information. In this instance, a toddler swal-
lowed some lye. First aid information on the
label instructed that, in case of ingestion, vine-
gar should be administered as an antidote. A
vinegar solution was, therefore, given to the
child, but serious problems resulted. The mild
acid actually increased the toxic effects of the
lye because of an explosive exothermic (heat
release) reaction, causing severe gastrointesti-
nal damage that could have been avoided (1).
The extent of such inaccurate label informa-
tion has been reduced in recent years.

Sources of inaccurate information go be-

yond product labels. Johnson and Welch
showed that even the scientific literature con-
tains numerous ambiguities that can lead to
inaccurate treatment of poisoning (9). Table
1.7 illustrates their point. It lists equivalence
values for methyl salicylate (a liquid) to a
number of aspirin tablets or a quantity of aspi-
rin. The authors compared values listed in var-
ious literature sources to actual values. The
extent of false values for the examples listed
in Table 1.7 ranged from approximately 2%
to 61% error. The values differ greatly and
could result in mistakes in treating an inges-
tion of methyl salicylate. Thus, using only one
reference source may not provide all the
answers.

Where Do Poisonings Occur?

Poisonings may occur anywhere, including
around the home, in the workplace or school,
or while traveling, and by any route of expo-
sure. Most accidental and suicidal poisonings
occur through oral ingestion, whereas most
industrial and agricultural toxic reactions fol-
low pulmonary or dermal exposure (10).

At home, most poisonings happen in the
kitchen, followed (in order of frequency) by
the bathroom, bedroom, and garage. It is not
uncommon for a mother to report that her
youngster got into some household cleaning
agent found under the kitchen sink or into a
toilet cleaning aid or container of medicine
from the medicine chest in the bathroom, or

TABLE 1.7. Equivalence statements for salicylate from various referertce sources

Statement

“One mL of 98% methyl salicylate is equivcdent to 1.4 g of ASA* in

salicylate potency.” (1,400 mg)

"One teaspoonful (5 mL) is equivalent to about 21 aspirin tablets

(325 mg each).” (6,825 mg)

“One teaspoonful is equivalent to 12 standard tablets of aspirin.”

(3,900 mg)

“One-arxi-a-half teaspconful (6 mL) of oil of wintergreen will provide
a quantity of salicylate equivalent to thirteen regular adult aspirin

tabiels.” (4,225 mg)

From ref. 9.
' ASA, acetylsalicylic acid.

Calculated Potential

equivalence for error
1,370 mg insignifictuit
6,849 mg Insignificant
6,649 mg Undertreat

10,957 mg UtKfertrsat
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into a bottle or cosmetic package on the
nightstand in the bedroom. Likewise, numer-
ous reports describe a person drinking a liquid
from a soda bottle found in the garage. The
liquid was apparently believed to be a palat-
able beverage but was actually gasoline, anti-
freeze, insecticide, or paint thinner.

In the field, herbicides and insecticides
serve as repeated sources of poisoning through
inhalation and skin contact. There are also
many reports in the literature of persons being
intoxicated because they drank water that was
transported in containers previously filled with
insecticides or herbicides. Occasionally, a
farmer who is cleaning liquid manure tanks is
exposed to toxic fumes of hydrogen sulfide,
collapses, and dies after inhaling only a few
breaths.

Another incidence of agriculture-related
toxic exposure occurs during fertilization of

the fields. In such incidences, application of
liquid ammonia produces a cloud of ammonia
gas which, if blown across the field onto an
adjoining area where people are enjoying the
evening on the patio, may cause coughing,
severe respiratory distress, or even death.

At the workplace, literally thousands of
chemicals may be accidentally ingested
through contamination of food or water or ab-
sorbed through the skin. Situations have been
documented in which factory workers have
taken chemicals home, apparently thinking
they were nontoxic. However, when these
chemicals were used at home, they resulted in
serious toxicity. In one instance, a family of
three died when each of them ingested soup
that had been seasoned with a lethal quantity
of sodium nitrite. The sodium nitrite was
thought to have been placed in the salt con-
tainer by an unsuspecting worker who brought

TABLE 1.8. Useful tips on reducing the irKidence ofpoisoning

Store all medications in their original containers and a locked cabinet, out of the reach of children. Replace
them immediately after use. Use child-resistant containers. Periodically discard medications no longer
used. Flush them down the toilet, rinse containers, and discard.

Discard household cleaning aids or other products that are no longer being used. Flush them down the

toilet, rinse containers well, and discard.

Store toxic household and garden products in their original containers in cabinets fitted with safety latches or
locks. When in use, always make sure an adult Is present. Put the product away Immediately after use.
Work with household chemicals In a well-ventilated area; do not mix chemicals (e.g., bleach and toilet bowl

cleaner) unless specificaily directed to do so.

Keep all items in their original containers. Never store toxic substances such as gasoline or insecticides in
soda bottles or cups or In any other unmarked or unapproved container. Use child-resistant containers,

and keep the caps securely shut between uses.

Never equate medicines with candy when administering drugs to children.
If you are interrupted while trying to administer a medicine, take it with you. Children could consume a

medicine while you are out of the room.

Never take medicines in front of small children, or joke or make light of taking any medication to a child.
Never take medicines in the dark or if you are not fully awake. If you normally wear eyeglasses, put them on

before taking the medication.

Keep poisonous plants away from children or others likely to Ingest them. There is no reason, for example,
to cultivate castor bushes, which produce deadly and enticing castor beans, around a household with

small children.

Educate children about the dangers of poisons in the home. Teach them never to put anything into their
mouths unless a parent or guardian has given it to them.

Use adhesive stickers showing Mr. Yuk or similar characters to help children identify dangerous substances.

In older houses, check for peeling paint or loose plaster, both of which can be significant sources of lead

poisoning.

Never run fuel-consuming engines, kerosene heaters, and so forth In a poorly ventilated area.
Formulate and rehearse a plan of action in case a poisoning should occur. Right now, look up important
phone numbers (doctor, pharmacist, emergency rescue squad, poison control center, etc.) and record

these by the phone.

Make sure an up-to-date antidote chart is availabie. If in doubt about the validity of the one you have, bring

it to a pharmacist or doctor to check.

Stock emergency antidotes (activated charcoal and syrup of ipecac), and know how to use them.
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()

RG. 1.6. Poison prevention symbols; a, tradi-
tional skull and crossbones; b, Mr. Yuk; ¢, SIOP;
d, Officer Ugg.

some home from his place of employment,
apparently thinking it was table salt, sodium
chloride.

Many more examples demonstrate where
unexpected toxic exposures to a variety of
chemicals may occur. Schoolchildren, through
negligence or perhaps even by mischievous
intent, may become careless with various
chemicals they obtain from their chemistry
laboratories, and their careless use of these
ultimately may lead to some toxic episode.
The fascination for metallic mercury has
caused numerous toxicides, not through swal-
lowing the mercury but by chronically inhal-
ing its vapors after it is spilled on a living
room carpet and dispersed into small globules
with the vacuum cleaner. Another example
is unexpected toxic exposure to aniline-
containing products. Aniline dyes are easily
absorbed through the skin and can cause met-
hemoglobinemia. The route of exposure in

these literature reports was from clothing
stamped with laundry ink containing an ani-
line dye.

In the final analysis, it is easy to see that
the potential for poisoning exists everywhere.
And that is the answer to the question,
“Where do poisonings occur?”

Will We Ever Stop Poisonings?

Earlier in this chapter the question, “ When
does toxicity end?” was proposed. The an-
swer may well be that it never ends. The possi-
bility for toxic reactions to chemicals will al-
ways exist. However, the incidence and
consequences of toxic exposure can be
reduced.

The frequency of toxic exposures may be
reduced in many ways. It is impossible to re-

TABLE 1.9. Example ofInformation about
poisoning for the general pubfkf

Your Child and Household SaMy; Chemical
Specialties Manufacturers Association, Inc., 1913
Eye Street, N.W., WcMhington, DC 20006

Home Safe Home; The Soap and Detergent
Association, 475 Park Avenue South at 32nd
Street, New York, NY 10016

Preventing Acddenlal Poisonings; National Safety
Courv:H, 444 North Michigan Avenue, Chicago, IL
60611

Babysitter’s Checklist; Council on Family Health,
225 Park Avettue South, Suite 1700, New York,
NY 10003

Emergency First Aid tor Children; Poison Prevention
Week Council, PC Box 1543, Washington, DC
20013

Plants that Poison; Bronson Hospital Poison
Prevention, 252 E. LoveH (Attn: Nancy),
Kalamazoo, Ml 49007

First Aid for Poisoning Chart; American Academy of
Pediatrics, Publications Department, PO Box 927,
Elk Grove Village, IL 60009

National Poison Prevention Week Packet; Secretary,
Poison Prevention Week Council, PO Box 1543,
Washington, DC 20013

"Locked up Poisons"; Secretary, Poison Prevention
Week CourrcH, PO Box 1543, Washington, DC
20013

A General Approach to the Emergency Management
ofPoisonings; ACEP Distribution Center, PO Box
619911, Dallas, TX 75261

' Generally, these are free of charge. Interested per-
sorts should contact the source for further Information.
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move all toxic substances from the home.
However, there are three major considerations
that may reduce this problem. First, the home
should be made poison-proof. We can make
the public aware of the kinds of substances
and situations that lend themselves to a poi-
soning episode. All unused chemicals and
medications should be discarded, and all po-
tentially toxic substances should be placed out
of the reach of children. Table 1.8 lists some
useful ideas that may help reduce the risk of
household poisonings. Feel free to pass these
on to anyone willing to accept them.

Second, proper use of stickers that depict a
deterring symbol, such as Mr. Yuk, increases
public awareness of toxic substances. A vari-
ety of symbols have been developed to replace
the typical “skull and crossbones’’ (Fig. 1.6).
Many people have become calloused to the
skull and crossbones because it has been used
indiscriminately. Often, children associate the
skull and crossbones with pirates and adven-
ture and perhaps even with a popular breakfar"t
cereal. Using Mr. Yuk is a learning process
for parent and child. The parent must be aware
of which items should receive the sticker to
avoid indiscriminate use. The child must be
taught that Mr. Yuk means “No! Stay away!”’

The third phase concerns the question of
what to do in case of a poisoning. Call a poi-
son control center. It has been estimated that
most incidents precipitating calls to poison
control centers can be managed at home.
There should be a bottle of ipecac in every
home, especially those with young children.

If the general public is well aware of these
three points, there will be a considerable de-
crease in the incidence and severity of house-
hold poisonings. National Poison Prevention
Week is the third week of March each year.
The motto for many years has been ““ Children
act fast. . . So do poisons!’’ During this time
of the year health professionals should make
a special effort to increase public awareness
of the potential for accidental poisoning
around the home and of how to react to a
poisoning situation. Table 1.9 lists the types
of information that can be used to educate the
general public about poisoning.

SUMMARY

An understanding of what is toxic, of who
is poisoned, and of why, where, and how poi-
sonings occur is essential to the study of clini-
cal toxicology. This chapter forms the basis
for the remainder of the textbook.

Case Studies

CASE STUDY: POISONING BY RAT
POISON—A CLASSIC EXAMPLE

History

A 24-month-old girl was hospitalized after
her mother discovered her vomiting. Nearby
was an empty container of rat poison. The
child had found the package in a low-lying
cabinet and emptied its contents into her ce-
real, which she had then consumed. The rat
poison was not packaged in a child-resistant
container. The substance resembled cereal and
smelled like peanuts, so the reason for the
child’s behavior was obvious.

The victim was treated with syrup of ipecac
and a cathartic and was held for 2 days for
observation, during which time she received
a vitamin supplement as her only other medi-
cation. She was released at the end of the
second day without further complications.

Manufacturing of the product had been dis-
continued approximately 2 years earlier be-
cause of its visual similarity to food; numer-
ous poisonings with the product had been
reported in previous years. No packages were
recalled from retail shelves, and the item may
still be found in some areas.

This classic example illustrates many of the
principles discussed earlier in this chapter.
The package of rat poison was found in a
location generally inaccessible to adults but
easily noticed by the child. The product itself
looked and smelled good and was apparently
not repulsive to the taste. It was not packaged
to prevent access by a child and had no
graphic poison identification on the label.
Manufacture of the product had long been dis-
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continued, although the product remained
available for sale and, in this instance, was
found in the home. Furthermore, although a
poisoning occurred, the victim was not seri-
ously harmed. (See ref. 23.)

Discussion

1. Outline the specific steps that could have
been undertaken to prevent this poisoning.
How should the child’s parents guard
against recurrence?

2. What kinds of questions should you ask
parents if they call you for advice on poi-
soning in a child?

CASE STUDY: THE MISSED
DIAGNOSIS

History

A retired man became ill after working 3
hr in his basement workshop. He had been
using a commercial paint and varnish remover
to strip a piece of furniture. The product con-
tained methylene chloride. On admission to
the hospital, he complained of chest pain and
discomfort. He also brought the can of paint
and varnish remover with him.

The attending physician found that the vic-
tim had experienced an anterior wall myocar-
dial infarction. The physician noted the name
of the ingredient in the stripping product; the
label did indicate that the product should be
used only in a well-ventilated area. However,
the physician did not associate the victim’s
symptoms with the use of the product.

The patient returned home 2 weeks later and
resumed his project. Shortly, he experienced
severe chest pains and was readmitted. This
time his diagnosis stated severe myocardial
infarction complicated by cardiogenic shock.

Six months after recovery, the man again
attempted to complete his task. He entered his
workshop and, although he worked slowly and
without unnecessary effort, soon collapsed
and died.

This case illustrates that an uninformed
health care provider failed to recognize the
potential harm from a commercial product
containing methylene chloride. The physician
did not understand that methylene chloride is
metabolized to carbon monoxide. The re-
sulting carboxyhemoglobin placed consider-
able stress on the victim’s cardiovascular sys-
tem, with each subsequent exposure causing
increased damage. It is unfortunate that the
symptoms that necessitated admission to the
hospital on both occasions were not associated
with the paint and varnish remover. The vic-
tim could have been warned not to use these
products again, especially in a closed environ-
ment. His life may have been spared. (See
ref. 27.)

Discussion

1. Who was at fault for this tragedy—the
product’s manufacturer, the physician, or
the patient? Or was it the seller of the
product?

2. What steps can be taken to prevent such
poisonings from recurring?

CASE STUDY: DISHWASHER
EFFLUENT BURNS ON AN INFANT

History

A 6-month-old boy was being bathed in the
kitchen sink while the dishwasher was run-
ning. He was sitting on a sponge ring that was
occluded with a plunger-type drain cover. He
started to cry loudly and suddenly and was
quickly lifted from the sink. It was noted that
dishwasher effluent was backing into the sink.
The child was admitted to a hospital with deep
bums on his perineum and thighs. Four weeks
were required for the bums to heal.

The dishwasher drain entered the top of a
garbage disposal unit that was mounted imme-
diately below the sink’s drain (Fig. 1.7). The
child’s parents noted, after the accident, that
when the garbage disposal was not completely
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FIG. 1,7. Arrangement of disposal and trap in
relation to kitchen sink. (From ref. 24.)

empty hot water from the dishwasher entered
the sink during the drain cycle. (See ref. 24.)

Discussion

1. This case study illustrates that accidents
(and poisonings) can happen when they are
least expected. Contact with water at 160°F
(TfC) for 1 sec will cause a full thickness
bum in an adult. Is it probable that this
infant’s bums were caused solely by the
hot water effluent from the dishwasher? At
what temperatures do dishwasher units op-
erate? What, if anything, did the dish-
washing granules contribute to this child’s
distress? (Hint: see chapter 10.)

2. How could the plumbing shown in Fig. 1.7
be modified to prevent future mishaps?

CASE STUDY: NONACCIDENTAL
POISONING IN A CHILD

History

The victim was the 2-month-old son of a
15-year-old, unwed mother who left him in
the care of his maternal grandmother. The boy
was well until he was 17 days old. The eve-
ning before admission to a hospital, he was

irritable and cried intermittently. The next
morning he was lethargic and had a swollen
abdomen. He had not vomited, and stools
were normal.

On presentation at the emergency depart-
ment, the boy’s pulse was 165 beats/min. His
abdomen was distended with absent bowel
sounds. The child was admitted to the inten-
sive care unit and treated with ampicillin and
gentamicin for 7 days. Symptoms declined
over the next 2 days, and he was discharged
back to his grandmother after 10 days.

At about 7 weeks of age, the grandmother
brought the infant back to the hospital. The
child had again been fussy and irritable the
night before. On the morning of admission,
the child was lethargic, limp, and unrespon-
sive to stimuli. On arrival, the child’s heart
rate was slow (value not stated), and his respi-
ration was labored. His blood pressure was
not detectable.

The child was resuscitated, at which time
his pulse rate increased to 173 beats/min. Pu-
pils were dilated, mucous membranes dry, and
abdomen distended. Urine and gastric aspirate
were evaluated for chemical contents and re-
vealed the presence of amitriptyline. The child
continued to recover, and 2 days later was
awake, alert, and active.

The grandmother denied giving amitripty-
line to the child. Finally, however, she did
admit to having some “pills” around which
she occasionally took for her “nerves.” The
medication was identified as amitriptyline,
and the prescription had been filled just 2 days
before the first episode.

It was unclear why the grandmother gave
this medication to the child. Amitriptyline tab-
lets are small, and she may have believed the
tablets were “too small to be harmful.” Re-
gardless, she was the direct cause of poison-
ing. (See ref. 9.)

Discussion

1. Based upon your knowledge of pharmacol-
ogy, what type of drug is amitriptyline?
2. Were all symptoms displayed by this child
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consistent with those that are classically
repotted for the drug?

3. Why do you suppose antibiotics were given

to this child on the first hospital admission?

CASE STUDY; OVERDOSE PARTLY
AS A RESULT OF A “LARGE”
TEASPOON

History

For itching, a pediatrician prescribed tripel-
ennamine citrate 37.5 mg [25 mg of the hydro-
chloride (HCI) salt] to be taken every 4 hr by
a 5-year-old girl with chicken pox. After the
third dose the child began to hallucinate, stat-
ing that she saw “elves running around the
house and insects flying at her.”

She was taken to an emergency facility. Ex-
amination was unremaricable except for mildly
dilated pupils. The mother was instructed to
discontinue the medication. The child returned
4 days later with continuing symptoms. A tox-
icology screen for drugs was negative. Labo-
ratory values were normal. A neurologist and
a psychiatrist concluded that she was neuro-
logically and psychologically sound. After
3 days of hospitalization, hallucinations
disappeared.

An investigation later revealed the cause of
this child’s symptoms. The teaspoon that was
used to administer the medication held 7 mL.
It was calculated that the mother had adminis-
tered three doses of 6.33 mL instead of 5 mL
each, as intended. The child’s physician had
actually prescribed 1.5 times the recom-
mended dose for this child. This error was
compounded by the fact that the teaspoon was
extra large. Overall, the child received approx-
imately twice the recommended dose for a
period of 12 hr. (See ref. 4.)

Discussion

1. This overdose was modest but sizable
enough for this child to develop symptoms
of toxicity. What specific measures should

health care providers take to reduce.the
incidence of errors such as this?

2. How is tripelennamine citrate classed phar-
macologically?

Review Questions

. When the LD» curve shifts to the left,

how does this affect the therapeutic index

(TI) for a drug?

A. The TI increases.

B. The TI decreases.

C. Only the toxic dose increases.

D. Both the toxic and the therapeutic
doses increase.

. The majority of all poisonings occur in

which of the following age groups?
A. Under the age of 5 years

B. 5 to 11 years

C. 12 to 20 years

D. 20 years and older

. Which of the following toxicology sub-

disciplines is most closely associated with
the medicolegal aspects of the toxic activ-
ity of chemicals on humans?

A. Occupational toxicology

B. Environmental toxicology

C. Forensic toxicology

D. Veterinary toxicology

. In children under 5 years of age, which

of'the following is the leading cause of all
reported poisonings in the United States?
A. Plants

B. Soaps, cleaners

C. Cosmetics and personal care items
D. Aspirin

. Most household poisonings occur at

which of the following sites?
A. Kitchen

B. Bedroom

C. Bathroom

D. Garage

. National Poison Prevention Week is cele-

brated each year during the third week of:
A. January

B. March

C. June

D. September
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Cite ten important steps that may be taken
to reduce the incidence of poisoning
around the home.

Why is it important for consumers to
know where most household poisonings
occur?

Define the meaning of the term poison.
What is meant by the statement that “all
chemicals must be assumed to be toxic?”
What is an LD») value? How does it relate
to human toxicity?

Explain why the young boy depicted in
Fig. 1.4 is especially vulnerable to acci-
dental poisoning.
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SIGNIFICANCE OF
UNDERSTANDING THE FACTORS

The presentations of poisoning episodes do
not always follow traditional “textbook” de-
scriptions commonly listed for them. Signs
and symptoms that are often said to be patho-
gnomonic (characteristic) for a particular toxic
episode may or may not be evident with each
case of poisoning. Victims may even display
behavior totally unexpected and largely unpre-
dictable. An experimentally determined acute
oral toxicity expression, such as an LD»
value, is not an absolute description of the
compound’s toxicity in every individual. It
neither assesses the inherent cap»:ity of the
compound to produce injury nor reflects the
victim’s ability to respond in a manner other
than predicted.

An important principle in evaluating a vic-
tim’s response to a toxic agent is that numer-
ous factors may modify the reaction to a par-
ticular toxic agent. Frequently, health care
professionals are faced with a difficult and
confusing dilemma. There may be strong sus-
picion that a patient has been subjected to a
toxic exposure of a particular substance; the
decision may be to wait until the onset of
certain symptoms before treatment is initiated.
Meanwhile, the victim is not presenting in the
expected manner.

The factors that influence toxicity are essen-
tially the same as those that determine many
of the pharmacologic actions of a drug. These
factors will be reviewed to emphasize their
importance in altering a toxic response.

COMPOSITION OF THE
TOXIC AGENT

When examining a toxic episode, a basic
fallacy is to view the responsible poison as a
“pure” substance. This implies that there are
no contaminants present—that the vehicle,
various adjuvants and excipients, and formu-
lation ingredients are innocuous (17,18); the
victim has not taken any drugs previously;
and there is no batch-to-batch variation in the

substance or product. These criteria are rarely
observed in the “real world” of poisoning.
The possibility that the toxic exposure may
be the result of more than one toxic agent is
important (12). An excellent example is the
toxic exposures that have resulted from the
presence of the toxic impurity, dioxin, in the
herbicide 2,4,5-trichlorophenoxyacetic acid
(2,4,5-T) (see chapter 8).

The physicochemical composition of the
toxic agent can sometimes be helpful in pre-
dicting the risk involved in exposure to a par-
ticular compound. In general, solids are less
ecasily swallowed than are liquids, and bulky,
high-density solids are more difflcult to con-
sume than are light, more fluffy compounds,
especially for a small child. Thus, poisoning
from the ingestion of bulky solids is less likely
than is poisoning from liquids and small parti-
cles. These solid dosage forms can lodge in
the oral cavity to cause local efrects, however.
An example that will be discussed in diapter
10 concerns the toxic action of sodium hy-
droxide pellets upon the oral mucosa. These
pellets are not easily swallowed, and they stick
to the moist mucosal tissue, whereas a solution
of sodium hydroxide is easily swallowed.

The particulate size of the toxic agent is
especially important in exposure by inhala-
tion. Only particles with a small diameter (1
fxm or less) will effectively reach the alveoli
and be available for pulmonary absorption.
Larger particles may be deposited on the walls
of the throat and trachea to produce irritation
or local injury to those tissues.

The pH of the compound is another factor
to consider. Ifthe chemical is a strongly corro-
sive acid or alkali, obvious deleterious efrects
will occur with limited exposure of any tissue
to the compound. On the other hand, the inges-
tion of mildly acidic or alkaline substances
may cause little more than localized irritation.

Another factor that can modify the toxicity
of an agent is its chemical stability. Are break-
down products formed during storage? Will
the compound remain active in a definite con-
centration? When added to water, does the
chemical composition change? These are im-
portant questions that need to be answered
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when establishing a compound’s toxicity
potential.

Sometimes a compound that was pure when
packaged may have undergone a chemical
change to produce an entirely different species
capable of causing symptoms of toxicity that
are unrelated to those expected from the origi-
nal chemical. Paraldehyde, a liquid hypnotic,
is an example. Overdoses of paraldehyde are
characterized by central nervous systerh
(CNS) depression. If paraldehyde is exposed
to light and air, it may partially decompose
to acetaldehyde. When pure acetaldehyde is
ingested, nausea, severe reddening of the skin,
coughing, and pulmonary edema are charac-
teristically noted. A patient who ingested a
large quantity of impure paraldehyde solution
theoretically could be described as having
symptoms more characteristic of acetaldehyde
poisoning.

To emphasize the importance of knowing
the composition of the product, assume that a
caller explains that a victim has swallowed a
particular substance identified on the label as
an insecticide. The victim’s parent reads the
name of the insecticide from the label and
describes the victim’s behavior. You realize
that the observed symptoms do not match
those expected for the particular insecticide.
What is wrong? Did the bottle contain a differ-
ent substance than the label stated? Was an
insignificant amount ingested so that the onset
of the expected symptoms may be delayed or
may not even occur?

In the above case the victim experienced
nausea, coughing, gagging, and mild CNS de-
pression. The product involved was a pedicu-
licide intended to kill head and pubic lice. The
active ingredient was pyrethrum, which alone
does not produce significant toxicity to hu-
mans. In this case, symptoms were character-
istic of the solvent, a petroleum distillate, that
is used in the formulation of the product,
rather than of pyrethrum. If emergency per-
sonnel had thought that the victim’s symptoms
would quickly dissipate because of the rela-
tively nontoxic nature of pyrethrum and had
not assessed the victim for “ solvent” toxicity,
a disastrous outcome may have resulted.

Each poisoning occurrence must be as-
sessed individually by carefully examining all
facts, rather than simply making an assump-
tion or casually looking at laboratory data and
then proceeding with treatment. And, remem-
ber, the accuracy of toxicologic testing varies
greatly by drug class and analytical methods
used (36).

The first rule in the identification of'a poten-
tially toxic substance is to examine the label
carefully. Determine which substances in the
product are potentially toxic and which are
probably not toxic. Then proceed accordingly.

DOSE AND CONCENTRATION

One of the major factors influencing the
potential toxicity of a chemical is the dose
administered or the exposure concentration.
Nearly anything can be toxic at a given dose
and route of administration. Conversely, even
the most toxic substances may not be harmful
at extremely low concentrations. The intrave-
nous LDjo of distilled water in the mouse is
44 mL/kg and that of isotonic saline is 68
mL/kg (1). Neither distilled water nor isotonic
saline is considered toxic; at a high enough
volume or dose, however, toxicity becomes
evident (30).

Doses are normally calculated according to
body weight, and larger doses usually imply
a greater chance for a toxic response. When a
child accidentally ingests adult aspirin tablets
(325 mg), as opposed to children’s aspirin tab-
lets (81 mg), there is greater risk for toxicity.
It will obviously take fewer adult aspirin to
produce significant toxicity in a child (see
chapter 12).

Ingestion of a dilute solution of a potentially
toxic compound generally results in greater
chance for toxicity to occur than if the same
quantity of a concentrated solution was in-
gested. Diluted forms are more quickly ab-
sorbed and available for distribution to sus-
ceptible tissues.

ROUTES OF ADMINISTRATION

The manner in which a potentially toxic
substance enters the body can influence time
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of onset, intensity, and duration of toxic ef-
fects. The route of administration may also
predict the degree of toxicity and possibly the
target systems that will most readily be af-
fected. A toxic chemical injected by the intra-
venous route would be expected to result in
the most rapid onset of toxicity and the great-
est potential for multiple organ exposure.
When administered by other routes, the ap-
proximate descending order of toxicity is in-
halation > intraperitoneal > subcutaneous >

intramuscular > intradermal > oral > topi-
cal (24).

Oral

Eighty percent of acute toxic episodes result
from accidental or intentional ingestion of a
toxic agent (25). The basic parameters govern-
ing drug absorption also apply to toxic sub-
stances. There is potential for a compound to
be absorbed throughout the entire gastrointes-
tinal (GI) tract, including the buccal cavity
and rectum. Absorption is dependent largely
on lipid solubility and the amount of nonion-
ized form available. Gastric absorption of
most toxic substances is usually limited, but
intestinal absorption is extensive because of
its large surface area.

Several important factors may significantly
modify absorption of solid drug dosage forms
and chemicals after ingestion. Dissolution of
a solid is a major consideration in absorption
of the drug or chemical. This is not a major
concern with liquids, but for solid dosage
forms absorption is dependent on dissolution
rate. This also raises a concern for the treat-
ment of a poisoned patient. Many treatment
protocols suggest that ingested poisons should
first be diluted. There may be instances where
dilution could produce adverse effects by in-
creasing the rate of absorption and/or by pro-
ducing heat. This will be discussed further in
chapters 3 and 10.

Another problem experienced with the in-
gestion of large quantities of solid dosage
forms is the formation of concretions (bezoars,
gastric pharmacobezoars) in the stomach
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(6,20,23). These clumps of unabsorbed drug
may be difficult to remove by emesis or la-
vage. Lavage until the return solution is
“clear” can give a false sense of security. It
may be assumed that all of the stomach con-
tents were removed (including the solid dos-
age form) but, in fact, particles too large to fit
through the opening of the lavage tube may
still be present. This mass of tablets or cap-
sules may now act like a repository of drugs
or a sustained-release dosage form. Case stud-
ies at the end of this chapter illustrate this
point.

The type of food previously ingested may
modify the rate of absorption of the toxic
agent. A meal rich in protein or fat usually
delays absorption. Carbonated beverages in-
crease the rate of intestinal absorption by
shortening gastric emptying time because of
the liberation of carbon dioxide in the stom-
ach. Ingestion of a concentrated chemical ft'e-
quently causes decreased absorption because
of gastric irritation and constriction of the py-
loric sphincter. On the other hand, if the sub-
stance is an irritant or corrosive, exposure to
a diluted solution may cause less toxicity (1).

On a positive side, the oral route of intoxi-
cation may give the body a chance to metabo-
lize and detoxify the ingested toxic agent. The
portal circulation transports all chemical sub-
stances absorbed firom the GI tract directly to
the liver, the major organ of detoxification.
This is especially beneficial for toxic com-
pounds that undergo a significant first-pass ef-
fect. At the same time, as will be explained
shortly, some compounds are activated by the
liver to a more toxic form (24).

Inhalation

The lung is a large target organ that con-
stantly undergoes multiple insults from air
pollutants, dusts, fibers, and other irritants. Se-
rious toxic effects may follow from pulmo-
nary absorption of vapors and aerosols. Tlie
pulmonary route can greatly accentuate the
expected onset of toxicity for a given com-
pound because the lung has a rich blood sup-
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ply, is in close proximity (10 fitn) to alveolar
air, and has a large surface area (SO to 100
m”. Toxic agents that are absorbed by the
lung fall into two categories: vapors and
aerosols.

Vapors of toxicologic significance consist
of gases, such as carbon monoxide, hydrogen
sulfide, sulfur oxides, and nitrogen oxides. Va-
por fumes from volatile liquids include chlo-
roform, benzene, and carbon tetrachloride,
and fumes from solids include mercury vapor,
among others. Transport of vapors across the
alveolar membrane occurs by simple diffu-
sion. Blood concentrations of the toxic chemi-
cal will depend on its solubility, since blood
equilibrates with alveolar gases almost instan-
taneously. In the case of hydrogen sulfide,
which is very soluble, inhalation of vapors of
high concentrations of the gas may be all that
is necessary to cause death.

Since aerosols are suspensions of particu-
late matter, the chief limiting factor in de-
termining pulmonary absorption is the size of
the particle. As stated earlier, only particles
with a mean aerodynamic diameter of 1 /xm
or less will be transported into the alveolar
region to be available for absorption into the
blood. Pulmonary absorption of soluble parti-
cles can occur by either the lipid-soluble diffu-
sion or the water-soluble filtration process.

Dermal

Percutaneous absorption involves the trans-
port of a compound through various layers of
skin into the systemic circulation. Entry of a
toxic agent through sebaceous or sweat glands
or hair follicles is possible but relatively un-
common. Skin is the organ most readily acces-
sible to all forms of toxic substances. It is
also an efficient barrier to most environmental
toxicants. Penetration by a chemical is time
dependent and a function of its lipid solubility
and concentration gradient.

Most toxic skin exposures occur acciden-
tally. The degree of toxicity is influenced by
the compound involved, length of exposure,
and condition of the skin. Cuts or abrasions

on the skin’s surface allow the toxic agent to
bypass the first layers of defense, keratin and
epidermis, and permit substances that would
generally not penetrate the epidermis to pass
easily into the deeper strata and into the
circulation.

Industrial accidents often involve dermal
exposure due to the handling of extremely
toxic solvents. If a worker is heavily clothed
and comes in contact with a chemical, the
clothing may keep the toxic chemical local-
ized to an area and extend contact time with
the skin. The type of chemical is also an im-
portant factor; for example, corrosive acids
and alkali will alter skin permeability by their
destruction of the stratum corneum (see chap-
ter 10).

METABOLISM OF THE
TOXIC AGENT

Metabolism of a toxic compound is usually
the primary mechanism of detoxification. The
metabolite produced is generally a more polar
compound that can be readily excreted by the
kidney. Unfortunately, this is not always the

TABLE 2.1. Representative exemptes
of chemicals that are metabolized
to more toxic substances

Acetaminophen
Acetanilid

Aniline

Arsenicals, pentavalent
Benzene

Cartxin tetrachloride
Chloral hydrate
Chloroform

Codeine
Cyclophosphamide
Oimethytnitrosamide
Ethylene glycol
Heptachlor
Imipramine
Isopropanol
Methanol
2-Naphthytamine
Parathlon

Pyridine

Schradan
Sulfanilamide
Tri-o-cresyl phosphate
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situation. Some chemicals are metabolized to
compounds that are equally as active or
sometimes even more active. Methanol is an
example of such a chemical; it must first be
oxidized to its intermediate metabolites, form-
aldehyde and formic acid, before it produces
its most toxic effects (see chapter 4). A partial
list of chemicals known to be converted to
more toxic compounds is presented in Ta-
ble 2.1.

STATE OF HEALTH

Most descriptions of poisoning and its man-
agement are based on how healthy individuals
are affected. However, healthy persons are not
the only ones poisoned. The presence of he-
patic or renal disease may significantly affect
the pharmacokinetics and outcome of expo-
sure to a particular toxicant (4). Acidosis,
from any cause, potentiates the action of tubo-
curarine and decreases the activity of insulin.
Hypertensive patients may respond more in-
tensely to chemicals that have sympathomi-
metic activity. Opioids and other respiratory
depressants have greater toxicity potential in
patients with head injuries. Psychotomimetics
may provoke the recurrence of mental dis-
eases in patients with histories of psychiatric
disease. Disease states that cause diarrhea or
constipation may decrease or inacase the time
of contact between chemical and absorptive
sites and, thus, reduce or enhance absorption.
Stress-mediated changes in hormone concen-
trations (e.g., hyperthyroidism) may alter the
toxic effects of certain chemicals (9).

AGE AND MATURITY

The patient’s age must be considered as the
extent of toxicity is assessed (13). Most antici-
pated toxic effects and reported prognoses are
based on individuals who are neither too
young nor too old. Unfortunately, not all vic-
tims of poisoning fall within this age group.
The majority of accidental poisonings in fact
occur in persons less than 5 years of age, and
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toxicity among the geriatric population is
increasing.

Age as a major influence in determining
extent oftoxicity may be illustrated by consid-
ering the classic chloramphenicol-induced
gray baby syndrome. In the early 1960s, it
was a popular practice to administer chloram-
phenicol prophylactically to premature in-
fants. It became apparent after several years
that a number of infants receiving this antibi-
otic were showing signs of intoxication.
Within days of treatment initiation, signs and
symptoms of aplastic anemia—the “gray
baby’’ appearance, surfaced (11,22). Chlor-
amphenicol is normally metabolized and ex-
creted largely as a glucuronide conjugate.
There had been no reports of aplastic anemia
from chloramphenicol in adults. It was discov-
ered later that infants were unable to metabo-
lize chloramphenicol because their hepatic mi-
crosomal enzyme system was not fully
developed. Consequently, toxic concentra-
tions of chloramphenicol were reached after
only a few doses. Once an infant developed
an adequate liver microsomal enzyme system,
chloramphenicol could be metabolized nor-
mally and the incidence of aplastic anemia
decreased proportionately. In geriatric patients
the toxic effects of drugs and chemicals may
be complicated by decreased hepatic and renal
function. These factors may alter the metabo-
lism or excretion of toxic agents.

NUTRITIONAL STATE AND
DIETARY FACTORS

Certain nutritional factors, such as food or
liquid contents of the stomach (e.g., acidic or
alkaline, hot or cold, high fat or lean, high or
low volume, and viscosity), are important to
the absorption characteristics of many chemi-
cals. In general, higher blood concentrations
are achieved when drugs are taken on an
empty as opposed to a full stomach (3). Cer-
tain foods may significantly increase or de-
crease drug absorption. For example, calcium
may bind to tetracycline and reduce its absorp-
tion (31). Fatty foods, on the other hand, en-
hance griseofulvin absorption (32).
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TABLE 2.2. Tyramine centont
of various foods

Tyramine content

Food/beverage (P8/g)
Cheese

Cheddar 120-1,500

Camembert 20-2,000

Emmenthaler 225-1,000

Stilton 466-2.160

Processed 25-30

Brie 0-200

Gruyere 516

Gouda 20

Brick, natural 524

Mozzarella 410

Roquefort 27-520

Parmesan 4-290

Romano 236

Provolone 38

Cottage 5
Fish

Salted, dried 0-470

Pickled herring 3,000
Meat

Meat extracts 95-304

Beef livef (stored) 274

Chicken iiver 1,000
Vegetable

Avocado 23
Fruit

Banana 7
Alcoholic beverage

Beer and ale 2-12

Wine

Chianti 254
Sherry 3.6

Some foods may antagonize drug effects.
Foods rich in pyridoxine can significantly
attenuate the phaimacologic action of levo-
dopa (8).

Nutritional effects on absorption are not
limited to drugs. Heavy metal absorption, to
illustrate, is influenced by diet. Calcium, iron,
fat, and protein are all reported to enhance
lead absorption (2). Deficiency of calcium,
iron, or protein, on the other hand, enhances
cadmium absorption.

Some foods can actually increase the toxic-
ity of certain drugs by means other than influ-
encing their absorption. An excellent example
are those foods that are rich in the pressor
amine, tyramine (Table 2.2). If one of these
foods in ingested while an individual is taking
a monoamine oxidase-inhibiting drug (for ex-

ample, pargyline, phenelzine), severe symp-
toms of hypertensive crisis and even death
may occur. Tyramine-containing foods are or-
dinarily metabolized to a nontoxic substance
by monoamine oxidase, which is located
within the cells lining the GI tract. Therefore,
only a small amount of tyramine is absorbed.
When monoamine oxidase is inhibited, tyra-
mine is not metabolized but absorbed into the
blood, where it causes toxic pressor activity.

Individuals on starvation diets or those with
low protein intake may have lower-than-
normal plasma levels of albumin (35). This
may leave a proportionately greater amount
of highly protein-bound drug in its free form.
Since it is the free form of a drug (versus that
which is protein bound) which causes toxicity,
the drug will produce a greater degree of tox-
icity. Also, a low dietary protein intake may
result in a decreased level of hepatic micro-
somal enzymes, resulting in decreased drug
metabolism.

GENETICS

The term pharmacogenetics (or toxicoge-
netics) has entered the toxicologist’s vocabu-
lary in recent years (19). While sometimes
used interchangeably with the term idiosyn-
crasy, pharmacogenetics describes the differ-
ences in an individual’s response to drugs and
chemicals that are related to hereditary influ-
ences (29).

It is commonly recognized that, if a popula-
tion of men is sampled and their body weight

FIG. 2.1. A normal distribution cunl/e.
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measured, the results would distribute graphi-
cally as shown in Fig. 2.1. The majority of
men would weigh close to the arithmetic mean
of the group. A few would weigh much less
(area A in Fig. 2.1), whereas others would
weigh much more (area B in Fig. 2.1). The
graph would assume the shape of a normal
distribution curve, which is also characteristic
of numerous other factors that can be mea-
sured within a population (e.g., height, blood
pressure, intelligence). Each of these values
is determined by a multiplicity of variables
which are largely inherited. However, occa-
sionally a bimodal (Fig. 2.2) or even trimodal
curve results when some responses are mea-
sured, and an entirely different variable then
becomes important.

To illustrate the importance of pharmacoge-
netics as it relates to drug toxicity, consider
the polymorphic expression of several en-
zymes that are linked to the metabolism of
several compounds. Succinylcholine is a skel-
etal muscle relaxant that is often administered
by infusion during the induction of general
anesthesia. All skeletal muscle activity, in-
cluding that of respiration, is depressed. Ordi-
narily the metabolism of succinylcholine pro-
ceeds as shown in Fig. 2.3. Most people
quickly inactivate the drug by hydrolysis via
plasma pseudocholinesterase to its first inac-
tive metabolite, succinylmonocholine. The
initial step proceeds rapidly and activity is lost
within minutes. Once intravenous infusion is
discontinued, skeletal muscle tone begins to
increase and the patient’s normal respiration
is restored. Metabolism is later completed by

FIG. 2.2. A bimodal distribution curve showing
two population groups.

¢ h 2-¢ -0 -(CHj),-n (CH3)3 Pseudo-
Cholineeterai®
CH2—9—0-(CH2)2—N(CH3)3 (Plasma)
(0]
Succinylcholine
(6]
CH,-C-OH
|
CH2-C-0-{CH2)2-N(CH3)3 HO(OR2)2NCH),
(0]
Succinylmonocholine Choline

(6]
Esteras® CHj-C-OH
(Liver) HO-(CH2)j-N(CH3);
CHj-C-OH
(6]

Succinic Acid Choline

FIG. 2.3. Biochemical transformation of succi-
nylcholine.

liver enzymes, resulting in succinic acid and
choline.

The toxicologic problem arises because
there is a segment of the population which
exhibits unusual susceptibility to the effects
of succinylcholine (5,16). The presence of
an atypical pseudocholinesterase predisposes
them to a prolonged and life-threatening paral-
ysis of respiratory muscles because the initial
detoxifying step in succinylcholine metabo-
lism is hampered. Metabolism of succinylcho-
line in these individuals is slower, resulting in
prolonged apnea and skeletal muscle relax-
ation that may last for several hours, even
after discontinuation of infusion. Figure 2.4
illustrates the rate of hydrolysis of succinyl-
choline by normal and atypical plasma pseu-
docholinesterase. It can readily be seen that
the atypical enzyme hydrolyzes succinylcho-
line very slowly. A review of the literature
suggests that succinylcholine is 4 to 7 times as
potent in persons with genetically determined
low plasma pseudocholinesterase compared
with normal individuals (34). The incidence
of this toxicogenetic problem is about one per-
son in 2,800 (5).

Naphthalene (a component in some moth-
balls) is another compound that can be more
toxic in certain people depending on their ge-
netic background. Naphthalene exposures oc-
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FIG. 2.4. Rate of hydrolysis of succinylcholine in the presence and absence ofthe normal enzyme.

(From ref. 24.)

cur more frequently during the spring and fall
when winter clothing is packed and unpacked.
Mothballs containing naphthalene are occa-
sionally placed around young plants in gar-
dens and lawns to repel pets and other
animals.

para-Dichlorobenzene, another moth repel-
lent that is much less toxic, is now more com-
monly used to repel moths than naphthalene.
It is also used as a toilet bowl and diaper pail
deodorizer.

At special risk of toxicity to naphthalene
are individuals with erythrocytic glucose 6-
phosphate dehydrogenase (G6PO) deficiency
(14). About 200 million people are estimated
to be deficient in this enzyme (7). Glucose
6-phosphate dehydrogenase is involved in
regulation of the pentose phosphate pathway
(hexose monophosphate shunt), which is espe-
cially important in energy production for red
blood cells (RBCs). This pathway is required
for erythrocytes to maintain viability. Older
erythrocytes obtain their energy via glucose
metabolism, since they are unable to synthe-
size proteins. Glucose metabolism via the
pentose phosphate pathway, using GO6PD,
generates reduced nicotinamide adenine dinu-
cleotide phosphate (NADPH). Formation of
NADPH offers protection to RBCs by provid-
ing for reduction of methemoglobin (Fe"™)
and maintaining glutathione in its reduced
form, GSH.

Reduced glutathione acts as a reducing
agent. When RBCs are exposed to oxidizing
agents, such as naphthalene, aminoquinolines,
and sulfonamides, GSH protects them from

cellular injury and hemolysis. Regeneration of
glutathione to its reduced form (GSH) again
requires NADPH and glutathione reductase.
Obviously, when G6PD is deficient, RBCs are
unable to generate NADPH and, therefore,
GSH function is impaired. Consequently,
when exposure to oxidizing agents occurs in
individuals with G6PD deficiency, erythro-
cytes are not protected and cellular injury re-
sults in hemolysis. The genetic deficiency
finds fiill expression in male subjects, usually
of dark-skinned races (7,10). Naphthalene tox-
icity may also be reported in girls and in per-
sons of light-skinned races. Ijiri et al. (21)
reported the death of a 2-month-old Japanese
boy who was given two naphthalene moth-
balls (approximately S g) with milk by his
mother. Melzer-Lange and Walsh-Kelly (27)
described hemolysis after the accidental inges-
tion of an unstated quantity of naphthalene by
a 20-month-old black girl. In both instances,
a fatty substance (milk, cooking oil) was given
soon after ingestion. Because naphthalene is
extremely lipid soluble, this probably has-
tened absorption and, thus, toxicity.

One of the better known genetic metabolic
polymorphisms is the ability to acetylate cer-
tain drugs. Acetylation is a metabolic process
catalyzed by N-acetyltransferase. Some drugs
and carcinogens have been shown to be sub-
strates for this enzyme, including isoniazid
(INH) (19). Slow acetylators are more prone
to peripheral neuropathy from INH, systemic
lupus erythematous from hydralazine and pro-
cainamide, and bladder cancer from exposure
to beta-naphthalene.
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TABLE 2.3. Examples of phannacogenetics-related differences in réponse to selected drugs

Genetic abnormality Orug/chemical Response

Prolonged skeletal muscle
relaxation; apnea

Atypical pseudoctwilnesterase Sucdnylcholine

Deficient NADH* methemoglobin reductase Nitrates Abnormally high and
Chlorates prolonged methemoglobin
Oxidizing agents levels

Deficient hepatic acetyitransferase Isortiazid Enhanced toxicity, qualitatively
Hydralazine and quantitatively
Phenelzine

Procainamide
Sulfonamides
Acetylsalicylic acid
Doxorubicin
Nalidixic acid
Primaquine
Quinine
Nitrofurantoin
Naphthalene

Fava beans

Deficient glucose-O-phosphate dehydrogenase Hemolytic anemia

Increased ¢-aminolevulinic acid synthetase
activity

Presence of atropine esterase (rabbits)

Increased hepatic enzymes

Barbiturates

Atropine
Warfarin

Hepatic porphyria

Atropine resistance
Warfarin reéistarKe

* NAOH, reduced nicotinamide adenine dinucleotide.

A case study entitled “ Theophylline Toxic-
ity as a Result of Altered Metabolism’’ is pre-
sented at the end of chapter 16. It illustrates
what can happen in a patient when theophyl-
line, which is normally metabolized by first-
order Idnetics, is metabolized by zero-order
kinetics.

Most genetically controlled differences in
reactions to drugs and chemicals are due to
differences in rates of metabolism. However,
the same consideration should be extended to
variations in absorption, distribution, and ex-
cretion. A partial list of important genetically
controlled conditions in which individuals dis-
play altered responses to drugs and chemicals
is presented in Table 2.3.

SEX

Toxicologists are beginning to understand
the differences in drug and chemical responses
between men and women. Although signifi-
cant quantitative differences in pharmacologic
responses have been experimentally shown in
animals, such a definitive statement on the

expected toxicity of drugs and chemicals in
humans has not been established.

For example, some studies report a sex-
related difference in absorption of erythromy-
cin, resulting in less drug being absorbed by
women after oral administration (26,28).
Women were also reported to have lower se-
rum phenytoin levels than did men because of
an increased metabolic rate (33).

Bioavailability of ethanol is greater in
women than in men. This is associated with
decreased gastric alcohol dehydrogenase ac-
tivity in women, which contributes to reduced
gastric oxidation of ethanol. This in turn may
contribute to the enhanced vulnerability of
women to acute and chronic complications of
ethanol (IS). Although the pharmacologic ac-
tivity and onset, as well as the severity of
adverse reactions (e.g., nausea and vomiting),
for these drugs may differ among the sexes,
there is still little evidence that an acute toxic
dose of either will produce significantly differ-
ent toxic manifestations between men and
women.

Several other important differences should
be considered. Men traditionally weigh more
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and have a greater blood volume and tissue
mass than do women. Therefore, a given dose
in a man would be expected to produce lower
blood and tissue concentrations than the same
dose taken by a woman. For substances in-
jected intramuscularly, lower blood levels can
be expected in individuals (usually men) with
greater muscle mass. Also, drugs with a high
lipid coefficient may produce different toxico-
logic responses in different sexes, based on the
individual’s ratio of body fat to total weight.

Admittedly, many of these factors are of
more theoretical and experimental interest
than clinical importance. However, they illus-
trate the extent of variability that a chemical
may produce in different people. Most studies
that report sex-related differences in drug ac-
tion are conducted with pharmacologic, rather
than toxicologic, doses of the dnig.

ENVIRONMENTAL FACTORS
Temperature

The response of a biologic system to a toxic
agent generally decreases as environmental
temperature is lowered, but the duration of
overall response may be prolonged. This is
related to a decreased rate of absorption and
a lowered rate of metabolic degradation and
excretion in colder environments.

Additionally, some drugs are more toxic in
certain environmental temperatures. Atropine-
like compounds may inhibit sweating and pre-
vent cooling of the body. Anticholinergics
may, therefore, produce significantly greater
toxicity in a warm environment than in a
colder one.

Alternatively, drugs such as reserpine and
chlorpromazine, which suppress the body’s
thermal regulatory center, may be more toxic
at certain temperatures. These drugs permit
the body temperature to assume that of the
environment. An individual’s body tempera-
ture will tend to rise in a warmer climate and
decrease in a colder climate.

Occupation

Persons working in industries where or-
ganic compounds, such as chlorinated hydro-
carbon pesticides or volatile substances, are
used may have an enhanced ability to metabo-
lize drugs and chemicals. The reason for this
is that the chemical’s presence in the environ-
ment may have caused the induction of liver
microsomal enzyme activity. The expected re-
action to a toxic agent that is normally detoxi-
fied by the liver microsomal enzyme system
would be reduced. Of course, the reaction
would be greater than normal for those sub-
stances listed in Table 2.1 that are metabolized
to more toxic forms.

Living Conditions

The final factor under consideration in this
chapter is a person’s living conditions. We
should remember that the potential relevance
of this factor is based on animal studies, and
its relation to humans can only be surmised.
The amphetamine-aggregation toxicity test
can be used to illustrate this factor.

The LDso value for amphetamine is deter-
mined for mice placed individually in contain-
ers (such as coffee cans). If the number of
animals placed in each container is increased,
the LD decreases (i.e., the drug becomes
more toxic). There seems to be a crowding
factor related to living conditions that signifi-
cantly affects the toxic dose of amphetamine.

More work is needed to ascertain whether
this response in mice is significant in humans
and, if so, for what chemicals. If this response
is valid in humans, it may at least partially
explain differences in toxicity of a chemical
in persons living in scantily populated rural
areas versus crowded urban settings. At pres-
ent, factors such as crowding, noise, and social
pressures are important areas for research but
are difficult to quantify.

SUMMARY

An understanding of what may modify the
effects of a toxic agent in the body will be
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enhanced if we realize that most factors are
based on firm pharmacologic principles and
common sense. Any individual factor discussed
in this chapter is not a priori more important
than the others. Indeed, the factors included in
this ch”ter illustrate the importance of the
topic in general and were not selected because
of greater relevance than others.

As will be demonstrated throughout this
book, victims of poisoning frequently respond
in an unpredictable, nontextbook maimer. Un-
derstanding why their responses may vary
from the “normal” will greatly aid in the
management of these patients.

Case Studies
CASE STUDIES: PROLONGED
POISONING CAUSED BY A
GASTRIC CONCRETION
History: Case 1

The patient was obtunded (dull, lifeless)
when brought to an emergency facility. It was

learned that he was 43 years old and had a
long history of intravenous amphetamine and
heroin abuse. He had been previously hospi-
talized for shoe polish ingestion, insulin-
dependent diabetes mellitus, and a chronic sei-
zure disorder. Two months previous to this
admission, he had been hospitalized at a dif-
ferent facility « for pulmonary tuberculosis.
He was taking the following medications:
INH, rifampin, phénobarbital, insulin, and
pyridoxine.

On this admission, he appeared critically
ill and cachexie. Vital signs included blood
pressure, 90/56 mm Hg; heart rate, 78 beats/
min; respirations, 24/min; and temperature,
36.4°C. He had evidence of icteric sclera, and
his lungs had bilateral coarse rhonchi; heart
and bowel sounds were normal. Neurologi-
cally, the patient was obtunded, but all four
extremities responded to painful stimuli. Deep
tendon reflexes were absent.

Laboratory values showed an elevated se-
rum chloride concentration. A toxicology
screen ordered on the 2nd day disclosed a bro-
mide concentration of 140 mg/L. The patient

Hospital Day

FIG. 2.5. Relative levels of sodium, chloride, and bromide during hospitalization. (From ref. 20.)
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received furosemide and saline to hasten its
elimination.

By day 5 the bromide concentration was
160 mg/L (Fig. 2.5). Because it was believed
that the patient was experiencing prolonged
gastrointestinal absorption of bromide,
gastric lavage was followed by the adminis-
tration of activated charcoal and a mixture
of sodium biphosphate-sodium phosphate
(Phospho-Soda). Serum bromide and chloride
concentrations remained elevated.

On day 12, the possibility of a gastrointesti-
nal concretion was raised. Subsequent endos-
copy revealed a mass with identifiable pill
fragments within the stomach. The mass was
broken up, and lavage with saline solution was
performed. The gastric aspirate contained high
concentrations of bromide.

Over the next several days, the patient’s
serum bromide and chloride concentrations re-
turned to normal. After the concretion was
disrupted and its fragments were removed, the
patient’s neurologic status returned to nearly
normal (20).

History: Case 2

This second case shows a more serious out-
come. After gastric lavage and the administra-
tion of activated charcoal and a cathartic,
symptoms of acute toxicity cleared, but the
patient died 8 hr after discharge from the
hospital.

The victim was a 54-year-old woman who
was brought to the hospital with a chief com-
plaint of having taken large amounts of the-
ophylline (Theo-Dur) and ibuprofen (Motrin)
along with some alcohol in a suicide attempt.
The time of ingestion was never established.
In the ambulance the patient remained alert;
blood pressure was 110 mm Hg; pulse, 176
beats/min; respirations, 28/min. Five minutes
later, systemic blood pressure was 100 mm
Hg; pulse, 150 beats/min; and respirations, 30/
min. She vomited once during transport.

Upon admission she was described as le-
thargic and “somewhat somnolent.”” She was
given oxygen by nasal prongs, and normal

saline was started intravenously. An Ewald
tube was placed nasally, and lavage of her
stomach with normal saline was continued un-
til the return was clear. No pill fragments were
seen. Fifty grams of activated charcoal fol-
lowed by magnesium citrate was given, after
which the tube was removed. Serum theophyl-
line concentration was 31.1 mg/L; her toxicol-
ogy screen was negative for ethanol, metha-
nol, isopropanol, salicylates, benzodiazepines,
and barbiturates.

Two hours after arrival the patient was alert,
oriented, and in no distress. Vital signs at that
time were blood pressure, 122/66 mm Hg;
heart rate, 98 beats/min; and respirations, 16/
min. She was transferred to a psychiatric sec-
tion of the emergency department (ED). While
there, she vomited once. She was discharged
home after approximately 1 hr.

Her family later reported that she vomited
repeatedly for the next 8 hr and then she sud-
denly collapsed. Any additional ingestion was
denied. She was in cardiac arrest when emer-
gency medical technicians arrived, and resus-
citation was unsuccessful.

At autopsy, the patient’s serum theophylline
concentration was 190.1 mg/L. A white, waxy
mass mixed with charcoal and weighing 318.8
g was found in her stomach. Toxicologic anal-
ysis of the mass revealed a content of theoph-
ylline estimated to be 29 g. No additional tox-
ins were found on forensic toxicologic
screening, and the autopsy was otherwise un-
remarkable. (6)

Discussion

1. Case 1 illustrates that a concretion formed
of fragments of tablets containing a bro-
mide (CNS sedative) can form in the stom-
ach. The patient’s prolonged high blood
bromide concentrations showed that con-
cretions of solid dosage units can signifi-
cantly alter the toxicity profile. Based upon
your knowledge of renal physiology, why
was saline solution administered when it
was realized that this patient was poisoned
by bromide?
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2. Which of the preadmission medications of
patient 1 most likely potentiated the
bromide-induced CNS depression?

3. The authors of case 2 reported that the inci-
dence of gastric concretion formation may
be underestimated because of the difficulty
in diagnosing the disorder. Do you agree,
or were the authors trying to cover a misdi-
agnosis?

4. Neither bromides nor theophylline are ra-
diopaque; thus, how can their presence as
gastric concretions be identified? How can
they be removed?

5. What characteristics of an ingested dosage
form may suggest that a gastric concretion
can form?

CASE STUDY: SUCCINYLCHOLINE-
INDUCED PROLONGED APNEA

History

A 3-week-old male newborn was admitted
for pylorotomy (surgical incision of the pylo-
rus, a fairly common procedure in newborn
boys). Vital signs and laboratory values were
normal. The family history was negative for
anesthetic complications. Anesthesia was in-
duced with thiopental and maintained with
halothane in nitrous oxide. Six milligrams of
succinylcholine were given intravenously.
The operation was successfully completed 45
min after the induction of anesthesia, and hal-
othane and nitrous oxide were discontinued.
During the entire procedure no abnormalities
were noted.

At the end of the procedure, the child re-
mained apneic and flaccid. Controlled ventila-
tion was continued. He was tested for residual
neuromuscular block without response even
to supramaximal nerve stimulation. One hour
later he still showed no change.

Serum cholinesterase P Behring, equivalent
to the plasma cholinesterase activity of 200
mL of adult human plasma, was then given.
Serum cholinesterase P Behring is a concen-
trate of the highly purified enzyme. Recovery
of neuromuscular function and spontaneous
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breathing was observed within a few minutes
after the administration of the plasma cholin-
esterase. The patient did well postoperatively
and showed no clinical signs of residual mus-

cle weakness (5).

Discussion

1. Explain pharmacologically how succinyl-
choline induces neuromuscular blockade.
Describe how it is normally removed from
the body?

2. Were you surprised that this hospital would
have serum cholinesterase P ~hring on
hand? (Hint: When case 2 was published,
the product was available for use only in
Germany, Switzerland, and Austria. The
surgical procedure was undertaken in Aus-
tria.)

CASE STUDIES; NAPHTHALENE
POISONING

History: Case 1

A 2-month-old boy was brought to a hospi-
tal by his mother. He was dead on arrival.
Two days earlier his mother, described as neu-
rotic, had given him a small dose of desiccant
and some pebbles because the boy had cried
through the night. The following day, he was
also given two sewing needles and, shortly
thereafter, two mothballs, each weighing 6 g,
broken into small pieces and mixed with milk.
His face tiuued pale within 30 min of ingest-
ing the naphthalene.

An autopsy performed 18 hr after death re-
vealed no marks of trauma on the external
surface of the body. Three pieces of naphtha-
lene (45, 120, and 182 mg), two sewing nee-
dles, and three pebbles were found in the
stomach. Two pieces of naphthalene (17 and
36 mg) were found in the jejunal contents. No
other changes were noted on gross examina-
tion of other organs.

Microscopic features showed congestion,
edema, and partial hemorrhage of the lungs.
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mild fatty change of the liver cells, and a
cloudy swelling of tubular epithelial ceils of
the kidney. The concentrations of naphthalene
in the blood, liver, and kidney were estimated
at 0.55 ~g/mL, 0.12 ~g/g, and 0.03 /xg/g, re-
spectively. Hematocrit was 41.5%. None of
the metabolites of naphthalene was detected,
suggesting that the boy’s death must have oc-
curred shortly after naphthalene inges-
tion (21).

History: Case 2

A 20-month-old black girl was brought to
a hospital after a syncopal episode 3 to 4 min
in duration. There was no seizure activity and
no bladder or bowel incontinence.

Two days before admission, the girl had
ingested two or three naphthalene mothballs.
Family members gave her cooking oil and
milk to induce emesis, but without success.
Medical attention was not sought.

The day before admission, the child was
noted to have dark orange urine in her diapers.
She was taking no drugs or vitamins with iron.
The family history was positive for sickle cell
disease and trait.

Physical examination was largely unre-
markable. She displayed mucosal and nail bed
pallor and scleral icterus. Vitals included: tem-
perature, 37.8°C; pulse, 124 beats/min; respi-
rations, 24/min; and blood pressure, 84/44 mm
Hg. A complete blood cell count showed the
following: hemoglobin, 7.0 g/dL; hematocrit,
20.9%; red blood cell count, 2.25 million/
mm”; white blood cell count, 9.6 million/mm*;
mean cell volume (MCV), 82 /xn"; and plate-
lets, 443,000/mm’.

Treatment consisted of magnesium sulfate
administered orally to increase the gastric
transit time of naphthalene, intravenous fluids,
and close monitoring of urine output.

During her hospitalization, the girl had no
further syncopal episodes and remained alert
and active. Her hemoglobin declined to a low
of 62 g/dL on the 3rd hospital day. Occult
blood testing of stools was negative. A
glucose 6-phosphate dehydrogenase assay

yielded 83.1 U/dL (laboratory normal, 150 to
215 U/dL). Plasma hemoglobin was 11.3 mg/
dL (normal, 0 to 3.0), consistent with
hemolysis.

The patient was observed for several addi-
tional days (the case study did not indicate the
length of her hospital stay) and then released.
Six months after admission, she was reported
to be well but did not return to her primary
care physician for follow-up examination or
repeat blood counts (27).

Discussion

1. What effect on the rate of absorption of
naphthalene would milk have in patient 1
and cooking oil and milk have in pa-
tient 2?

2. The usual cause of death due to naphtha-
lene is hemolysis. Speculate why the hema-
tocrit remained so high (41.5%) in patient
1 at the time of his death.

3. Of what possible significance was patient
2’s positive genetic history for sickle cell
disease?

Review Questions

1. Which of the following is a true state-
ment?

A. In general, chemicals are absorbed
more rapidly when food is present in
the stomach.

B. Foods rich in ascorbic acid may sig-
nificantly reduce the pharmacologic
effect of levodopa.

C. Calcium, iron, and fat all enhance lead
absorption.

D. Tyramine-containing foods may in-
duce a hypotensive crisis.

2. The usual eftect of succinylcholine in a
person who has a toxicogenetic related
reaction is:

A. Increased onset of action due to en-
hanced absorption.

B. Increased onset of action due to sensi-
tized receptors.
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C. Increased duration of action due to de-
creased renal excretory mechanisms.

D. Increased duration of action due to de-
creased hepatic metabolism to less ac-
tive form.

E. None of the above

. A deficiency of methemoglobin reductase

will most likely cause an adverse reaction
with ingestion of which of the following?
A. Atropine

B. Succinylcholine

C. Nitrate

D. Isoniazid

. Succinylcholine is initially detoxified by

enzymes found in the:
A. Lung

B. Plasma

C. Liver

D. Kidney

. Most poisons are pure substances.

A. True
B. False

. Hepatic porphyria results from barbiturate

administration to a person who has:

A. Atypical pseudocholinesterase

B. Deficient glucose 6-phosphate dehy-
drogenase

C. Deficient hepatic acetyl transferase

D. Sensitive delta-aminolevulinic acid
synthetase

. Concentrated forms of most chemicals are

more quickly absorbed than diluted
forms.

A- True

B. False

Absorption is favored when an orally in-
gested chemical is in which form?

A. lonized

B. Nonionized
Carbonated beverages
emptying time.

A. True

B. False

All ofthe following substances are metab-
olized to more toxic compounds except:
A. Acetaminophen

B. Carbon tetrachloride

C. Phenytoin

D. Parathion

shorten gastric

11.

12.

13.

14.

15.

16.

Which of the following is an expected
toxic response from an overdose of paral-
dehyde?

A. CNS depression due to paraldehyde
B. Severe nausea due to acetone

C. CNS depression due to metaldehyde
D. Retinal damage due to paraldehyde
Hydrazine is a potentially toxic metabo-
lite produced by which of the following
substances?

A. Paraldehyde

B. Methanol

C. Imipramine

D. Isoniazid

Which of'the following must be used with
caution by a person known as a slow ace-
tylator: phenelzine (1), hydralazine (II),
or primaquine (HI)?

II only

I1I only

I and II only

II and III only

. L I, and 1T

Which of the following should be used
with extreme caution by persons with de-
ficient hepatic acetyltransferase enzyme
activity: hydralazine (I), primaquine (II),
or quinine (II1)?

I only

II only

I11 only

I and II only

I and III only

II and III only

. I, 1L, and 1II

Pharmacogenetic differences in individu-
als’ response to a given drug are primarily
related to what specific kinetic parameter?
A. Absorption

B. Distribution

C. Metabolism

D. Excretion

Which drug is least likely to induce he-
molytic anemia in an individual deficient
in glucose 6-phosphate dehydrogenase?
A. Quinine

B. Primaquine

C. Nitroglycerin

D. Nitrofurantoin

mo 0w
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FACTORS THAT INFLUENCE TOXICITY

17. What is the term applied to a sign or

18.

19.

20.

21.

22.

—

symptom that is so unique to and/or
highly characteristic of a particular dis-
ease that its presence allows a positive
diagnosis of that disease?

A. Etiologic

B. Idiosyncratic

C. Pharmacogenetic

D. Pathognomonic

What term(s) refer(s) to a mass of swal-
lowed foreign material that may cause
gastric obstruction?

A. Concretion

B. Bougienage

C. Bezoar

D. All of the above

E. Only two of the above

Naphthalene is more toxic than p-
dichlorobenzene.

A. True

B. False

Elderly people often show a different re-

sponse to a toxic chemical than do
younger adults. Cite various factors that
influence this difference in response.
What happens when an ingested solid
dosage form develops into a concretion?
What are the limitations to using a gastric
lavage tube to remove these poisons?
Discuss why the most significant toxic re-
sponse from ingested methanol may be
delayed for many hours after ingestion.
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GENERAL CONSIDERATIONS

One of the most important aspects in manage-
ment of poisoning or of a toxic exposure is
knowing what to do and in what order to do
it! This chapter explains the fundamental prin-
ciples of managing acute poisonings, lliese
include specific methods to reduce absorption
of'the toxic agent or to increase its elimination
from the body. The chapter also discusses
more specific antidotes that can be used to
counteract the efiiects ofselective toxic agents.

Throughout history, numerous procedures
have been advocated to treat the toxic effects
of chemicals. These have ranged from car-

rying talismans (charms) and chanting prayers
to making incisions in the body and blood-
letting with leeches. These were primitive
methods, and some of the unfortunate victims
of poisoning might have been better off if
nothing had been done! Although the art of
treating acute exposures to toxic agents has
advanced tremendously over the years, it was
not too long ago when the normal protocol
for treatment of poison ingestion included salt
solutions, burnt toast, copper sulfate, and, of
course, the “universal antidote.”

Today, such items have been replaced by
more effective treatments and some have even
been condemned. In some cases, standard pro-

QUICKLY
DETERMINE

A. AESPIHATOAYFUNCTION
-Support braalhtng
-Admlinistar ox/gan if

necassary

- Administar naloxone
narcotic poisoning

B. CARDIOVASCULAR
FUNCTIONS
-Stabilize biood pressure
-Treat shock
-Normalize heartbeat

C. CNS INVOLVEMENT
-Control convulsions

0. OTHER MAJOR
SYMPTOMS

IDENTITY OF POISON
- Assess quantity and time of

iniastion

SUBSTANCE NOT TOXIC
-Give demulcents if needed
- Observe for delayed effects

FIG.3.1.
patient.

SUBSTANCE IS TOXIC
-Proceed with management
(e.g., ditution. emesis, etc.)

The flow chartillustrates the steps involved in assessmentand managementofa poisoned
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tocols have been established for management
of some poisons. For other treatments, many
currently recommended procedures remain in
the formative stages and are controversial in
the scientific literature. Several of these will
be explored throughout this textbook.

Successful management of a poisoning vic-
tim can generally be accomplished as outlined
in Fig. 3.1. Overriding all other considerations
must be the realization that care of the PA-
TIENT is the first priority. The familiar adage,
“Treat the patient, not the poison!” must al-
ways be followed. It is of little value to make
heroic attempts at removing an ingested poi-
son from the victim’s stomach if breathing has
stopped or blood pressure has plummeted.

The first step is to assess the patient’s condi-
tion and to follow whatever treatment is neces-
sary to stabilize the vital signs. Attention to
the airway, breathing, and circulation (the
“ABCs”) take precedent (26). Once the pa-
tient’s condition is stabilized, attempts can be
made to identify the toxic agent, route of ad-
ministration, quantity, and time since expo-
sure. After this information has been obtained,
general and specific methods for treatment
may be considered.

Several questions may arise, and their an-
swers can alter treatment. For example: Is the
amount or composition of the substance in-
volved considered toxic or nontoxic? Can the
toxic agent be easily removed, neutralized, or
eliminated? Is there a specific antidote avail-
able for the toxic substance involved? If the
substance is considered toxic and a long pe-
riod has elapsed from the time of ingestion;
(a) Will removal still be effective? (b) Will a
specific antidote still be useful? (c) Can elimi-
nation of the toxic agent be enhanced? If the
ingested substance is determined to be of min-
imal toxic potential, is its removal from the
stomach still necessary? If the ingested sub-
stance is considered toxic or potentially toxic
but no significant signs or symptoms of toxic-
ity are apparent: (a) Should the toxic substance
be removed? (b) If appropriate, should the
specific antidote still be administered? (c)
Should treatment be delayed until classic signs
or symptoms appear?

CLINICAL EVALUATION OF THE
POISONED PATIENT

A victim of poisoning must be carefully
evaluated for extent of poisoning before a
management plan can be initiated (32,64,82).
The first step is to provide the patient with
good supportive care. Is the patient breathing?
Health care personnel may need to administer
oxygen or start mechanical ventilation. Is the
patient’s blood pressure stabilized? Shock is
best treated with a fluid challenge and, if nec-
essary, vasopressor agents. Is there normal si-
nus rhythm? Is the patient experiencing sei-
zures or tremors? Is the patient comatose? Are
there any other underlying medical problems,
such as liver or renal disease? If so, the patient
may require more aggressive therapy. After
cardiorespiratory functions are supported, the
next step is to obtain a history of the
poisoning.

History of Poisoning

An accurate history should include identi-
fication of the poison, amount and time of
ingestion or length of contact, emergency first
aid treatment already administered, and the
patient’s psychologic profile. Obtaining the
history is often difficult because the poisoned
individual may be unconscious, unresponsive,
or confused. Frequently, an accurate history
may be impossible to obtain. Information ob-
tained from relatives or friends is often (but
not always) questionable. Symptoms may sug-
gest one cause of poisoning, but the circum-
stances of poisoning may strongly indicate an
entirely different cause. As a result, emer-
gency medical personnel must make quick de-
cisions about what to do and where to start in
treating many victims.

Clinical Assessment

Some poisons produce clinical characteris-
tics that strongly suggest the involvement of
a particular drug or chemical (Table 3.1). For
example, with cholinesterase-inhibiting or-
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TABLE 3.1. Characteristic manl*iatiorts of poisoning

Signs or symptoms

Ataxia

Breath odor

Coma; drowsiness

Fasciculations; convulsions*

Gastrointestinal
Emesis (often bloody)

Abdominal colic
Diarrhea

Constipation
Hallucinations
Heart rate

Bradycardia

Tachycardia
Mouth

Dry

Salivation

Gum discoloration
Paralysis
Pupils
Miosis
Mydriasis”
Nystagmus
Vision disturbance

Respiration
Rapid rate

Slow rate
Paralysis

Wheezing; pulmonary edema

Possible cause

Alcohol, barbiturates, bromides, hallucinogens, heavy metals,
phenytoin, solvents (organic)

Acetone; isopropanol, nail poUsh remover, salicylates, lacquer,
alcohol, ketoacidosis

Alcohol; ethyl alcohol

Ammoniacal; uremia

Bitter almoTKis; cyanide

Coal gas (stove gas); carbon monoxide (odorless but associated
with coal gas)

Disinfectants; phenol, creosote

Eggs (rotten): hydrogen sulfide, mercaptans, disulfiram

Fish or raw liver (musty): hepatic failure, zinc phosphide

Fruitlike: amyl nitrite, ethanol, isopropyl alcohol

Garlic: arsenic, organophosphata compounds, phosphorus, dimethyl
sulfoxide (DMSO), thallium

Mothballs: camphor-containing products

Pearlike (acrid): chloral hydrate, paraldehyde

Pungent: elhchlorvynol

Shoe polish; nitrobenzene

Tobacco (stale); nicotine

Violets: turpentine

Wintergreen: methyl salicylate

Others (characteristic): ammonia, gasoline, kerosene, petroleum
distillates, phenol, mothballs

Alcohol, antihistamines, antipsychotics, antidepressants,
barbiturates a/Kf other sedatives, opioids, salicylates

Alcohol, amphetamines, antihistamines, barbiturate withdrawal,
chlorinated hydrocarbons, cyanide, isoniazid, lead,
organophosphorous Insecticides, methaqualone, plants (some),
salicylates, strychnine, tricyclic antidepressants, phenothiazines

Boric acid, caffeine, corrosives, heavy metals, phenol, salicylates,
theophylline

Arsenic, lead, organophosphorous compounds, mushrooms, opioid
withdrawal

Arsenic, boric acid, iron, mushrooms, organoph<»phorous
compounds

Lead, opioids

Alcohol, cocaine, LSD, mescaline, POP

Cholinergics digitalis, opioids, sedatives
Amphetamines, atropine, cocairte

Amphetamine, atropine, antihistamines, opioids

Mushrooms, orgartophosphorous compounds, mercury, arsenic,
corrosives, strychnine

Lead and other heavy metals

Botulism, heavy metals

Mushrooms (muscarinic type), opioids, organophosphorous
compounds

Amphetamine, antihistamines, atropine, barbiturate (coma), cocaine,
glut*imide, LSD,” opiate withdrawal, tricyclic antidepressants

Barbiturates, phenytoin, sedatives, POP™

Botulism, methanol, orgaitophosphates

Amphetamines, barbiturates (early), methanol, petroleum distillates,
salicylates

Alcohol, barbiturates (late), opioids

Botulism, organophosphorous compounds

Opioids, orgarKTohosphorous compounds, petroleum distillates
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TABLE 3.1.

Signs or symptoms

Skin
Cyanosis
Red, flushed
Purpura
Jaundice

Continued.

Possible cause

Nitrites, strychnine

Alcohol, antihistamines, atropine, carbon monoxide, boric acid
Salicylates, snake and spider bites

Acetaminophen (delayed), arsenic, carbon tetrachloride, castor

bean, mushroom (delayed)

Sweating

Amphetamine, barbiturates, cocaine, LSD, mushrooms,

organophosphorous compounds

Needle marks
Bullae

From refs. 27. 60, and 89.

Amphetamine, opioids, PCP
Barbiturates, carbon monoxide

‘ May be caused by any substance that causes hypoxia.
“May indicate severe stage of opioid poisoning, caused by hypoxia.

‘LSD, lysergic acid diethylamide.
"PCP, phencyclidine.

ganophosphorous insecticides, cholinergic ef-
fects such as miosis, excessive salivation, and
gastrointestinal hyperactivity will predomi-
nate. In tricyclic antidepressant overdose, anti-
cholinergic effects, such as mydriasis, loss of
consciousness, absent bowel sounds, and car-
diac arrhythmias, will dominate the clinical
picture.

Clinical assessment generally begins with
recording of vital signs, such as blood pres-
sure, heart rate, respirations, and body temper-
ature. Assessment of neurologic function and
level of consciousness is the next priority. A
typical scoring system for coma and hyperac-
tivity is given in Table 3.2. These classifica-
tions are often used in initial assessment of

the poisoned patient, as well as in evaluation
of the progress of treatment.

Once emergency procedures have been per-
formed and the poisoned patient is stabilized
or at least is out of immediate danger, addi-
tional steps can be taken to remove the poison,
prevent or delay absorption, enhance excre-
tion, or administer a specific antidote.

Another point to stress is the value in using
blood, urine, and vomitus for toxicologic anal-
ysis. Qualitative and quantitative assays can
quickly identify a toxic substance. The results
of these tests can be used to aid diagnosis of
the poisoned patient, evaluate the progress of
treatment, and predict outcomes of therapy
(55,80). But, as was indicated in chapter 2,

TABLE 3.2. Neurologic status

CNS* depression or excitation

Depression
Stage 0
Stage 1
Stage 2
Stage 3

Symptoms

Asleep; drowsy but accountable; responds to verbal commands
Corneal, gag, and deep tendon reflexes present; responds to pain
Deep tendon reflexes present; gag reflex present; i&>response to pain
Deep tendon reflexes absent; no response to pain; may have

decorticate or decerebrate rigidity

Stage 4

Stage 3 symptoms plus cardiovetscular and respiratory compromise;

convulsions may be present

Excitation
Stage 1
Stage 2
Stage 3
Stage 4

From ref. 81.
* CNS, central nervous system.

Restlessness; insomnia; tachycardia; flushed face; mydriasis
Stage 1 symptoms plus convulsions and mild pyrexia
Arrhythmia; delirium and mania; hypertension; hyperpyrexia
Stage 3 symptoms plus convulsions and/or coma
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TABLE 3.3. Comparison of toxicokinetics and pharmacokinetics
Parameter Pharmacokinetics Toxicokinetics
Oose Known, low Unknown, high
Effect Therapeutic Toxic
Steady state Usually No
Corroborating human data Frequently Generally not complete

Other drugs with similar or
antagonistic effects

Known ccmcentration effects Yes

From ref. 95.

the accuracy of toxicologic testing varies
widely by drug class and analytical methods
used (98).

TOXICOKINETIC CONSIDERATIONS

Toxicokinetics is a discipline that can be
described as the toxicologist’s use of clinical
pharmacokinetics, the quantitative study of
absorption, distribution, metabolism (bio-
transformation), and elimination of drugs in
biologic systems (58) (Table 3.3). Mathemati-
cal descriptions of these processes allow pre-
dictions to be made of body burdens of a drug
or chemical, of half-life, of duration in the
body after exposure has been terminated, and
ofrate ofelimination. Knowledge ofthe toxic-
okinetics of a specific poison is beneficial
when formulating the proper management
protocol, especially if forced diuresis, hemodi-
alysis, or hemoperfusion is indicated.

It is important to note at the onset that phar-
macokinetic data available from reference ta-
bles may not apply to overdoses of the same
drug. Kinetic parameters often change with
large or toxic doses. To illustrate, the amount
and rate of absorption may be increased or
decreased, distribution patterns may be differ-
ent, and rates of metabolism and excretion
may be increased or decreased. If the major
route of elimination is via hepatic metabolism,
enzymes may become saturated and thereby
allow plasma drug concentrations to increase.

Most drugs are absorbed, distributed, and
eliminated by first-order kinetics, or expo-
nential/logarithmic relationships. The rates of
these processes are directly proportional to

Generally not

Usually, especially in adult patients
Geneitly not as well defined

concentration or amount of chemical present
at a particular time. The rate-limiting factor is
the amount of drug or chemical in the body;
half-life (/|/2) is independent of dose. Half-life
is defined as the time required to eliminate
50% ofthe chemical from the body. For chem-
icals exhibiting first-order kinetics, half-life
can be calculated from the following equation:

12 = 0.693/Ke,

Half-life can also be determined by plotting
concentration versus time, obtained at three
or more time intervals on semi-log graph pa-
per. The slope of the line represents the appar-
ent first-order elimination rate constant (Kei),
which can be Used in the previous equation to
calculate the tm-

Some drugs follow zero-order kinetics. The
rates of these processes remain constant and
are independent of concentration or amount
of chemical present in the body. The biologic
system is the rate-limiting factor, and metabo-
lizing enzymes are rapidly saturated. For
chemicals metabolized by zero-order kinetics,
tin increases with dose. An excellent example
ofa compound eliminated by zero-order kinet-
ics is ethanol. This will be discussed in chap-
ter 4.

Some chemicals follow first-order kinetics
at low or therapeutic doses but revert to zero-
order or saturation kinetics at higher doses
or overdoses. Consequently, determining the
half-life during the course of poisoning is a
valuable approach to formulating a manage-
ment plan. The overdose tm (OD tm) would
determine the rate at which chemical concen-
trations approach therapeutic or nontoxic
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range. For a chemical whose OD > in-
creased, management should be directed at
measures to increase elimination (e.g., forced
diuresis, dialysis) and, therefore, reduce the
chemical half-life. Two examples serve to il-
lustrate this point. Refer to the salicylate text
conunentary in chapter 12 and a theophylline
case study in chapter 16. In both instances,
drug tia values can be significantly prolonged.

Volume of distribution (V") is the relation-
ship of plasma chemical concentration and the
amount of chemical distributed throughout the
body. This is not a real volume in the true
sense but an apparent (mathematical) volume
that can be estimated by:

Co

where D = dose administered and Q =
plasma concentration at time zero.

Clearance (Cl) is the volume of blood/
plasma which is cleared of chemical by elimi-
nation per unit of time. This is an important
kinetic parameter that is an index of chemical
elimination regardless of the amount that
needs to be cleared. Direct measurement of
clearance is not possible, but it may be esti-
mated by the following equations:

Cl = (A:))(V,) or =
£1/2

It is sometimes beneficial to use these ki-
netic equations to predict the severity of an
overdose. The data obtained would be more
significant than relying on LD30values or sin-
gle chemical concentrations. For example, if
a 20-kg child ingested three pentobarbital cap-
sules (3(X) mg total) and the  for pentobarbi-
tal is approximately 2 L/kg, then the estimated
pentobarbital blood concentration would be
approximately 7.5 fig/mL (0.75 mg%), which
is in the toxic range (see appendix table 3).

METHODS TO REDUCE OR
PREVENT ABSORPTION:
GASTROINTESTINAL
DECONTAMINATION

Once the patient is stabilized, attention
should be directed to removing any unab-

sorbed poison from the GI tract and other sites
such as the skin. Severity of intoxication in
many instances will be proportional to the
length of time an unabsorbed toxic agent re-
mains in the body.

Gastric decontamination methods (emesis,
gastric lavage, catharsis, and adsorption with
activated charcoal) are undergoing critical
scrutiny (26). Many time-honored procedures
have changed drastically during the past S
years, and others will probably change over
the next several years.

Dilution

The initial procedure often recommended
whenever ingestion of a poison is suspected
is dilution with water. The amount recom-
mended is generally 1 to 2 cupfuls for a child
and 2 to 3 cupfuls for an adult. However, flu-
ids should never be forced. Offer the patient
a quantity that can be comfortably swallowed.
Excessive liquid may distend the stomach
wall, causing premature evacuation of its con-
tents into the duodenum and making it more
difficult to remove the poison.

A general rule is that nothing should be
administered orally to an unconscious patient
or if the gag reflex is absent. In cases of inges-
tion of solid dosage forms, such as tablets or
capsules, dilution is not universally recom-
mended (11). In this case dilution can promote
dissolution of the medication, which favors
absorption. Most chemicals and household
products, such as cleaning agents, are best
managed by dilution.

Dilution with water accomplishes at least
two functions. First, it helps reduce the gastric
irritation induced by many ingested poisons.
Second and more importantly, it adds bulk to
the stomach that may be needed later for eme-
sis. Ipecac-induced emesis is more effective
if there is fluid or bulk present in the stomach.

There is still some controversy over the use
of milk as a diluent and demulcent with ipe-
cac. Previously, a study involving adult volun-
teers demonstrated that milk delayed the onset
of emesis when given with ipecac (93). More
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TABLE 3.4. Conditions in which emesis
shouid not be attempted

Do not induce vomKing if the Ingested substance
is a:
convulsant
hydrocarbon
corrosive add or alkali
sharp object (e.g., needle, pin, razor blade)
nontoxic substance
Do not induce vomiting it the patient:
Is unconscious or comatose
has a diminished gag reflex
has severe cardiovascular disease or emphytMma
or extremely weakened blood vessels
has recently undergone surgery
Is expected to deteriorate rapidly
has a hefTKKThagic diathesis (e.g., drrhosls,
varices, thrombocytopenia)
has vomited signtficantiy before this moment
is under 6 months of age

recently, studies have demonstrated that milk
does not interfere significantly with the onset
of emesis when given with ipecac (33,36).

Emesis

For many years emesis has been a mainstay
for treating the ingestion of toxic agents.
Emetics have been used since earliest re-
corded history. Chemically induced emesis is
generally accepted to be a first-line procedure
in the management of poisonings because it
can be easily done at home. The American
Academy of Pediatrics recommends that ipe-
cac syrup be available in all homes with young
children to be used only after consultation
with a poison information specialist or a phy-
sician (26).

Certain precautions and contraindications
for emesis are listed in Table 3.4. If the victim
is unconscious, there is danger that vomitus
may be aspirated into the lung and cause
chemical pneumonitis. If the poison is a
convulsant, forced emesis may precipitate
seizures.

In alert, conscious patients who have swal-
lowed liquid hydrocarbons such as petroleum
distillates (gasoline, etc.), the recommenda-
tion to induce emesis is dependent on the
amount ingested and the relative toxicity of

the hydrocarbon, as outlined in chuter 7. Pe-
troleum or pine distillates, for example, have
a low viscosity and surface tension. These
substances can be readily aspirated into the
lungs during emesis (Ing. 3.2) to cause chemi-
cal pneumonitis.

If the ingested poison is corrosive, emesis
should be avoided because it may cause fur-
ther damage to the esophagus and oral mucosa
as the substance is brought up. The tissue
damage induced by these substances is related,
in part, to contact time between poison and
tissue.

Children under 6 months of age should not
receive syrup of ipecac unless supervised by
a physician. Their gag reflex is poorly devel-
o{”", and emetics may cause choking with
aspiration. For children under 6 months, la-
vage is preferred.

Emetics shouid be used with care in patients

FIG. 3.2. Graphic representation illustrating the
mannerin which vomitus can easily be aspirated
into the trachea.
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with severe cardiovascular disease, aneu-
rysms, severe emphysema, or other conditions
where blood vessels are weakened and there
is risk of hemorrhage.

Vomiting should be induced only if there
is sufficient bulk (fiuid) in the stomach to
serve as a carrier for the ingested poison. Ade-
quate dilution with water increases the effi-
cacy of emetics, as was stated earlier.

Syrup o fIpecac

Use of ipecac was first mentioned in the
Natural History of Brazil (1648). Ipecac root
was brought to Europe in 1672 as a “cure” for
dysentery. Its popularity was limited because
recommended doses were excessive and
caused numerous undesirable effects. These
problems were eventually resolved.

As recently as 1964, syrup of ipecac re-
quired a prescription for purchase. In 196S it
was listed by several references as an alterna-
tive to sodium chloride, powdered mustard, rr
mechanical stimulation of the pharynx as a
method to induce vomiting. Its action was de-
scribed as being generally slow, with vomiting
occurring after 30 to 60 min. It was also con-
sidered to be toxic if too much were given.
Much of the reported toxicity was due to the
use of the fluid extract form of ipecac, which
is 14 times more potent than the syrup (see
the case study, “Ipecac Misuse,” Case 4, at
the end of this chapter).

Ipecac is derived from the root of Cephaelis
ipecacuanha or C. acuminata. The principal
active alkaloids are emetine and cephaeline.
Ipecac causes emesis through both early and
late phases of vomiting (SO). Early vomiting
usually occurs within 30 min and is due to
direct stimulant action on the GI tract. A sec-
ond phase occurs after 30 min, resulting from
direct stimulant action on the chemoreceptor
trigger zone that activates the vomiting center
located in the reticular formation. This effec-
tuates coordinated somatic and visceral motor
activity to produce vomiting (88). Therefore,
if vomiting does not occur within the first 15
to 20 min, the drug should not be discounted
as ineffective.

Effectiveness of syrup of ipecac as an
emetic has been variously described as poor
to excellent. Some studies indicate that a sig-
nificant number of people will not vomit with
ipecac. Most investigations have definitely es-
tablished that syrup ofipecac is effective, even
for poisons (such as phenothiazines) that have
antiemetic activity.

Monoguerra and Krenzelok (SI) reported
that 81% of 232 patients given a single dose
of syrup of ipecac vomited; an additional 1S%
vomited when the dose was repeated. The av-
erage time from ipecac administration to vom-
iting was 24 min. Of 63 patients who swal-
lowed drugs with antiemetic properties, 81%
vomited after the first dose and an additional
14% required a second dose.

There is a practical way to look at the issue.
It can be assumed that, even if a poisoned vic-
tim vomited only a portion (perhaps one-fourth
or one-half) of the ingested substance before
it was absorbed, this could be sufficient to
change the prognosis from “critical” to a point
where there was a greater chance for survival
or there was less chance for serious damage.

The usual doses of syrup of ipecac are listed
in Table 3.5. A second dose may be given if
the patient fails to vomit within 20 to 30 min.
The success rate and onset of ipecac-induced
emesis seem to be dose related. The overall
success rate approaches 100%, with an aver-
age time to emesis of 24 min (26,37,46,51).

In a recent prospective study, 30 mL was
more effective than 15 mL in inducing emesis
in children (38). Also, the failure rate for 30
mL of syrup of ipecac is only 0.5%, compared
to 8.8% for 15 mL (37).

Toxicity of Ipecac

Syrup of ipecac is generally safe and well
tolerated, and toxicity is rarely seen in doses

TABLE 3.5. Recommended doses
of syrup of ipecac

Age Quantity
6-12 months 5-10 mL
1-12 years 15 mL
Adults 30 mL
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recommended (26). Some of its adverse ef-
fects may include protracted vomiting, diar-
rhea, lethargy, diaphoresis, and fever. The
toxic component of ipecac is emetine, a
cardiotoxin (SO). Chronic abuse of ipecac in
patients with anorexia nervosa or bulimia has
resulted in peripheral myopathies and some-
times fatal cardiomyopathies (9,29). There are
reports of serious adverse effects associated
with long-term abuse of syrup of ipecac (35).
(See the case studies at the end of this chap-
ter.) These cases demonstrate that significant
cumulative toxicity can result from repeated
ingestion of a substance that is ordinarily not
toxic in doses normally ingested acutely.
There is no evidence that routinely associates
therapeutic doses of ipecac with cardiovascu-
lar or neurotoxicity.

General Considerations for Using
Syrup ofIpecac

Ipecac can be given at home by parents after
they receive proper instructions from a quali-
fied health professional. Because it may take
approximately 20 to 30 min after administra-
tion for vomiting to begin, early administra-
tion is essential. Emergency medical vehicles
usually stock syrup of ipecac. If it takes 10
min for the vehicle to reach a home, plus an-
other 20 to 30 min to induce vomiting, serious
poisoning may occur within this latent period.
Worse, if treatment is not instituted until the
victim arrives at the hospital, even more valu-
able time will be lost and the potential for
damage accentuated. Therefore, parents of
small children should be strongly urged to
keep syrup of ipecac on hand at all times but
use it only when directed by the poison control
center.

There is another advantage to giving ipecac
at home, followed by an automobile ride to a
hospital or physician’s olfice. The physical
jostling due to riding in a vehicle (especially
with the windows closed and heater on) may
help promote more rapid emesis.

Another reason for early use of syrup of
ipecac in poisonings is that induced emesis

is generally less traumatic to the patient than
gastric lavage. The insertion of a lavage tube
is unpleasant to most people, especially chil-
dren, and must be undertaken only by quali-
fied personnel. Lavage is slow, is relatively
inefficient, and may result in forcing material
out of the stomach into the intestine, where it
cannot be easily recovered. Chemical emetics
can also recover particles of material that are
too large to pass through the opening of a
lavage tube.

Apomorphine

Apomorphine is a morphine derivative that
produces rapid emesis, usually within 3 to S
min, through direct stimulation of the chemo-
receptor trigger zone. Onset of emesis is more
rapid, but recovery of gastric contents is es-
sentially the same as with ipecac (15,48). It
is no longer recommended.

5oqp Solution

When rapid emesis is indicated and syrup
of ipecac is not available, one alternative is
to administer a dish-washing liquid detergent
(30). Two to three tablespoonfuls should be
mixed with 6 to 8 ounces of water. (Detergents
are believed to produce emesis by direct stim-
ulation of the gastrointestinal mucosa.

In one study, the mean time to emesis was
less than 10 min, compared to 15 to 20 min
for syrup of ipecac (30). The solution is diffi-
cult to swallow, so this method usually has
poor patient acceptance.

Liquid detergents should not be confused
with laundry detergents or electric dishwasher
granular products. The latter are corrosive and
may cause injury.

Mechanical Stimulation

Stimulation of the back of the tongue or
pharynx has been recommended as a means
to evoke emesis. This involves placing the
victim in a spanking position and gently strok-
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ing the area with a blunt object such as a spoon
or tongue depressor. Fingers are not advised,
since the victim may reflexively bite down
as he or she is gagged, causing injury to the
individual’s finger.

The advantage of this procedure is its avail-
ability. Its major disadvantage is lack of effec-
tiveness; gagging is not the same as vomiting.
In a study of 30 poisoned children, only 2
children vomited after mechanical stimula-
tion, and the volume was insignificant (2 mL
and 4 mL, respectively). All victims had pre-
viously been given 6 to 8 ounces of fluid (18).
Consequently, mechanical stimulation is not
recommended to induce vomiting.

Outmoded Emetics

Numerous substances have been advocated
over the years as emetics. Potassium and anti-
mony tartrate (tartar emetic), copper sulfate,
and zinc sulfate were once considered out-
standing emetics. Because of erratic, slow ac-
tion and possible toxicity if absorbed, they
should no longer be recommended (87). Mus-
tard powder mixed into a slurry in water was
formerly advocated. It is unreliable as an
emetic, and few households actually have it
available. It also produces an extremely gritty,
bitter taste in the mouth. Valuable minutes
may be wasted in first trying to locate the
powder and then attempting to coax an unwill-
ing child to ingest it. Therefore, mustard pow-
der is no longer recommended as an emetic.
Condiment (spice) mustard does not possess
emetic value.

Numerous reference books and first aid
charts and some package labels until recently
advocated the induction of vomiting with a
salt solution. Today this measure is considered
potentially dangerous; it should never be un-
dertaken (4,20,75). To illustrate this change
in thinking, several points must be considered.

First, differences in measuring a table-
spoonful and feelings that “if one tablespoon-
ful of salt is a good emetic, then two will be
even better’” can result in extremely large,
toxic doses being administered to a child. In

some cases reported in the literature, children
have received more than 4 heaping table-
spoonfuls of salt given repeatedly, two to three
times.

When salt solution is administered and eme-
sis does not occur, the salt is absorbed. As the
sodium concentration rises, increased tonicity
of extracellular fluid (blood) results. Intracel-
lular fluids move outward, resulting in crena-
tion (shrinking) of cells. At the same time,
there is increased intracranial pressure.

The first cells to be affected are those within
the CNS. The shrunken cells cannot perform
their normal activities. The combination of
damaged brain cells with disturbed metabolic
functions, along with distension of intracranial
blood vessels, leads to severe intraventricular
hemorrhage and thrombosis throughout the
brain. When this occurs, death is imminent.

Lavage

Lavage (Fr. laver = to wash) is a process
of washing out the stomach with solutions,
including water, saline, sodium bicarbonate,
calcium salts, tannic acid, and potassium per-
manganate. Lavage is sometimes indicated
when poisons must be quickly removed from
the stomach or when emesis is contraindicated
(Table 3.6).

The patient’s airway should be protected
by intubation, using a cuffed endotracheal or
nasotracheal tube (39). Intubation should pre-
cede gastric lavage in the unconscious or con-
vulsing patient. Any patient who can tolerate
intubation without trauma should be intubated
(76,78). Indications for intubation of poisoned
patients are listed in Table 3.7.

The patient is placed in the left lateral de-
cubitus position to permit pooling of gastric
contents and to reduce the risk of aspiration
of gastric contents into the lungs (Fig. 3.3)
(82). Also, the patient’s head should be
slightly lower than the rest of the body. To
remove the stomach contents effectively, one
should use the largest diameter tube. A 32
French to 40 French or Ewald orogastric tube
is recommended for adults and a 16 F to 26
F tube for children.
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TABLE 3.6. Qesthc lavage

Indicattons
SemiconsckHisness
Unconscious child or adult
Loss ol gag reflex
Ipecac-Inducad emesis Is Ineffective or
contraindicated
Conscious patient ingesting large quantity of
highly toxic substance, repeated charcoal
administration Is useful
Contraindications
Corrosives
Petroleum distillates; awake patient, unless
distillate is vehicle for toxic substance
Seizures
CompHcations/hazards
Aspiration pneumonia secondary to emesis with
unprotected airway
Laryngospasm with cyanosis
Factors determining effectiveness
Physical characteristics of toxic agent (e.g.,
plants, capsules, tablets, liquids)
Rate of abs*tion of toxic agent
Diameter of lavage tube
Volume arxi rate of instillation of lavage solution

From refs. 78 and 78.

A large-volume reservoir is attached to the
gastric hose (Fig. 3.4). In some instances, aspi-
ration of stomach contents with a syringe will
remove large amounts of solid dosage forms.
The aspirate should be saved for toxicologic
analysis.

Lavage is usually initiated using aliquots of
tap water or normal saline. Saline is recom-
mended in children to prevent electrolyte im-
balance (67,76). Aliquots of 50 to 100 mL in
children and 200 to 3(X) mL in adults should
be instilled, allowed to mix, and then drained
into a collection bag positioned below the pa-

TABLE 3.7. Indications for intubation of
poisoned patients

Respiratory Insufficiency

Decreased level of consclousrtess with
accompanying danger of aspiration

Combativeness to degree that performance of
therapeutic measures Is Inhibited

intoxication with substances that result in rapid
clinical deterioration (e.g., tricyciic
antidepressants, caidum channel blockers,
donidlne)

From ref. 39.

FIG.3.3. Correctpositioning ofa patientforper-
forming gastric lavage.

tient. A minimum of 2 L are required to wash
out most of the stomach contents.

The consensus is to lavage the stomach until
returned fluid is clear (i.e., keep introducing
lavage solution into the stomach and with-
drawing it until the return solution is clear).
Caution must be exercised! There is always
the possibility that, even though lavage was
performec' until the returned fluid was clear,
there may still be particles or clumps of chem-
icals [concretions (see chapter 2)] remaining
in the stomach. This point will be illustrated
in later chapters.

Lavage is not always a procedure of first
choice for removing ingested poisons (43) and
may be associated with numerous risks and
complications (see Table 3.6). For example,
the tube may be accidentally inserted into the
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FIG. 3.4. Stomach tube for performing gastric lavage. (Photograph courtesy of Davol Irrc.)

trachea. Improperly used lavage can create a
greater risk for pulmonary aspiration, esopha-
geal perforation, or hastened gastric emptying
time into the intestine. If a cool lavage solu-
tion is used too rapidly, the body’s core tem-
perature may be dangerously lowered. Gastric
lavage is contraindicated for the ingestion of
most hydrocarbons, acids, alkali, and sharp
objects (26).

Early animal and human studies suggested
that gastric lavage was less effective than ipe-
cac in removing ingested poisons (77). Later
studies, using larger tube sizes and fluid vol-
umes, clearly demonstrated the procedure’s
effectiveness (10,13,39). There is still contro-
versy over the value of lavage more than 2 hr

after ingestion. Gastric lavage was shown to
be effective in removing some drugs as long
as 9 and 27 hr postingestion (53,79). For most
toxic ingestions, signiflcant delays impair ef-
fectiveness because the stomach empties itself
into the small intestine, making retrieval of
the toxic agent more difficult.

Adsorbents

Another means to reduce absorption of an
ingested poison is by use of an adsorbent. Al-
though several adsorptive substances, includ-
ing kaolin. Fuller’s earth, cholestyramine,
pectin, and attapulgite are occasionally recom-
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mended, they are not always effective binders
of ingested chemicals. Activated charcoal is
used for routine adsorption of gastrointestinal
poisons. Others are useful with selected poi-
sons. Fuller’s earth, for example, has a high
affinity for the herbicide paraquat.

Activated Charcoal

Activated charcoal used in the treatment of
poisoning can be traced to the time of Hippoc-
rates. The first person specifically to demon-
strate its adsorbent activity and usefulness in
reducing the absorption of poisonous sub-
stances was the French chemist Bertrand. He
publicly demonstrated its efficacy in 1813 by
swallowing 5 g of arsenic trioxide mixed with
activated charcoal. Bertrand suffered no unto-
ward symptoms of toxicity.

A few years later, in 1831, the French phar-
macist Touery conducted an even more im-
pressive demonstration. Touery swallowed 10
times the lethal dose of strychnine, which had
been mixed with activated charcoal. He stood
before members of the French Academy of
Medicine for several hours awaiting symp-
toms of strychnine toxicity, which he was con-
fident would never occur. Luckily, he was cor-
rect (22). Although this demonstration must
have been dramatic, there is little written evi-
dence today to suggest that it had any signifi-
cant influence on French medical practice. In
fact, it would be another 5 years before the
academy formally mentioned it.

Until the past couple of decades, activated
charcoal did not receive high praises as an
adsorbent (22,63). Few studies demonstrated
its absolute role in adsorbing poisons from the
Gl tract. Prior to this time, it was also common
to mix activated charcoal with tannic acid and
magnesium oxide to form the traditional “uni-
versal antidote,” which, for so many years,
dominated all other “antidotes” as being the
“best method” for treating many cases of in-
gested poisons. By the mid-1960s, toxicolo-
gists had developed renewed interest in acti-
vated charcoal and began looking at it more
critically. It has been a topic of much research

ever since. Today, activated charcoal has be-
come the most frequently used and most effec-
tive agent for gastric decontamination (26).

It can be speculated that there are many
reasons why activated charcoal was neglected
until recently. Its physical characteristics
make it undesirable to force upon a poisoned
patient. In some cases it has been used indis-
criminately, leading to numerous negative re-
ports of adsorptive value. Many early studies
with activated charcoal were conducted with
animals or in vitro models, and few attempts
were made to correlate these findings with
clinical efficacy. Many of the clinical studies
were not particularly useful because they ana-
lyzed extremely small doses of drugs or poi-
sons that were far below those encountered
in most actual poison situations. Many other
studies used doses of activated charcoal that
were too small to show beneficial action.

Perhaps the greatest deterrent to serious
consideration of activated charcoal until re-
cent times relates to the notoriety of the “uni-
versal antidote.” This mixture (I part tannic
acid, 1part magnesium oxide, and 2 parts acti-
vated charcoal) was popularized years ago as
a first-line treatment for poisoning by a variety
of substances. Experimental evidence subse-
quently showed that it was not the effective
measure originally promoted. Although it may
still be available, the “universal antidote”
should not be used (2).

We now know that the activated charcoal
component of the “universal antidote” ad-
sorbs part of the magnesium oxide and/or tan-
nic acid (19). This reduces its overall adsorp-
tive property. Some studies have also shown
that tannic acid can be hepatotoxic.

Composition

Activated charcoal is a finely divided, black
powder that is sparingly soluble in water. It
is prepared by pyrolysis of organic materials,
such as wood pulp. The activation process oc-
curs when charcoal fragments are exposed to
an oxidizing gas composed of steam or oxy-
gen at temperatures of 600° to 900°C (66).
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The result is an increased surface area of about
1,000 MVg (26) for most charcoals; superacti-
vated charcoals with a surface area of up to
3,500 MVg have been manufactured (22).
These were recently taken off the market be-
cause of detected impurities (26). Not all acti-
vated charcoal preparations have the same
binding capacity (17,66,94). Although in-
creasing the surface area of activated charcoal
should increase its effectiveness, no differ-
ences among current formulations are appar-
ent (56).

Commercial activated charcoal tablets and
capsules and coal products intended for other
purposes, such as water filtration units and fish
tanks, are ineffective (72). Also, burnt toast
scrapings and crushed coal are unacceptable
substitutes for activated charcoal.

Activated charcoal reduces absorption of a
wide variety of poisons but has little or no
effect on others (Table 3.8). In the stomach
and intestine, poisons diffuse through the nu-
merous pores on its surface to form tight
chemical bonds. This charcoal-chemical com-
plex then passes through the intestinal tract
to reduce the chance of the chemical being
absorbed. Effectiveness of adsorption is de-
pendent on the quality of activated charcoal
used and the time between ingestion and char-
coal administration.

Administration

Activated charcoal is unsightly and readily
adsorbs materials from the air and water when
mixed and allowed to stand. Therefore, it
should be mixed immediately before use with
sufficient water, preferably in a dark container
to keep youngsters from viewing it! Several
commercial products contain a premeasured
quantity in a tightly closed, opaque (nontrans-
parent) plastic bottle. Water is added to the
powder, the bottle is shaken vigorously, and
the mixture is then administered directly from
its container. Other preparations are ready-to-
use with sorbital added.

Activated charcoal leaves a gritty sensation
in the mouth, temporarily discolors the gums

TABLE 3.8. Properties of activated charcoal

Adult, 50-100 g
Child. 25-50 g
Infant, 1 g/kg
Factors affecting efficacy
Time since ingestion
Charcoal:drug ratio
Drug dose
Stomach contents (pH, composition)
Binds poorly to;
Elemental metals (lead, lithium, boron, mercury)
Boric acid
Cyanide
Electrolytes
Ferrous sulfate
Pesticides (malathion, DDT," *methylcarbam ate)
Petroleum distillates
Ethanol
Methanol
Mineral acids, alkali
Multiple oral doses useful with:
Carbamazepine
Dapsone
Oigitoxin
Nadolol
Phénobarbital
Phenylbutazone
Theophylline

‘ DDT, dichlorodiphenyltrichloroethane.

and mouth to some extent, and sticks to the
throat. For these reasons, children may refuse
to drink it. Studies have shown that activated
charcoal slurry is tolerated by most children.
Liquid activated charcoal slurry preparations
that are commercially available should be ac-
ceptable to children.

Various flavoring and thickening agents
have been added to increase the palatability
of activated charcoal (21,44,54,100). These
include sodium alginate, carboxymethylcellu-
lose, carrageenin, bentonite, gelatin, ice cream
and sherbet, jams and jellies, cocoa powder,
fruit syrups, saccharin sodium, and sorbitol.

Caution is advised before any such sub-
stance is added. Levy et al. (44) demonstrated
that aspirin adsorption onto activated charcoal
was reduced by nearly 25% when melted ice
cream was mixed with the charcoal. Addition
of sorbitol to activated charcoal results in a
product with a sweet taste that enhances
patient compliance. Sorbitol produces cathar-
sis, which enhances transit time of the acti-
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vated charcoal-complex through the intestinal
tract (61).

Dose

The optimal dose of activated charcoal is
uncertain (65). The usual reconunended dose
is SOto 100 g for an adult, 25 to 50 g for a
child, and 1g/kg for infants (39). Animal stud-
ies suggest that activated charcoal should be
given in a relative dose ratio of at least 10:1,
charcoal to drug (26,66). This ratio might be
unrealistic in a child, however, because acti-
vated charcoal is such a fine, light powder,
and it is often difficult to estimate the quantity
ingested (Fig. 3.5). The important point to re-
member is that a large enough dose must be
given to be eff"tive.

Activated charcoal is pharmacologically in-
ert and not absorbed systemically. Large doses
cause occasional constipation but may be used
safely. Activated charcoal is contraindicated
if there is gastrointestinal obstruction (26).

The use of multiple doses of 1 g of
activated charcoal per kg every 2 to 4 hr has
been repotted to enhance elimination of cer-
tain drugs, including aspirin, carbamazepine,
cyclosporine, dextropropoxyphéne, nadolol,
phénobarbital, phenytoin, piroxicam, theoph-
ylline, digoxin, digitoxin, and tricyclic antide-
pressants (5,31,63,65,68,70,90,92). Proposed
mechanisms for this effect include interrup-
tion of enterohepatic recirculation, adsorption
of drug secreted across gastric membranes

into the bowel lumen, or continued adsorption
of depot-forms of orally administered drug
within the Gl tract (76). A single dose of sorbi-
tol is often given with the first dose of char-
coal, although sorbitol is sometimes given
with each dose. The single-dose regimen is
preferred.

Minor adverse effects of activated charcoal
include nausea and constipation. If sorbitol is
added, diarrhea may occur. Serious adverse
effects are rare, but multiple doses ofactivated
charcoal have been associated with intestinal
obstruction (47,%).

Time Interval and Efficacy

For maximal effectiveness, activated char-
coal should be administered within 30 min
of poison ingestion. However, when used to
adsorb drugs that slow gastric emptying (e.g.,
anticholinergics and sedatives), beneficial re-
sults have been obtained when activated char-
coal was given 6 to 8 hr after poison ingestion.
Following aspirin ingestion, a 9- to 10-hr in-
terval between ingestion of drug and charcoal
has still produced beneficial results.

Two studies illustrate that charcoal effec-
tively reduces the quantity of various drugs
and chemicals in the GI tract. In the first inves-
tigation subjects received a dose of phénobar-
bital alone or with charcoal concurrently, at
various time intervals (62). Activated charcoal
was effective even when administered 10 to
48 hr after drug ingestion (Fig. 3.6).

FIG. 3.S. Graphic illustration showing the bulkiness of 30 g and 100 g of activated charcoal.
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mg/L

FIG. 3.6. Effect of activated charcoal on serum
phenobarbitone (phénobarbital) concentration.
Subjects received 200 mg phenobarbitone with
or without activated charcoal. (From ref. 62.)

In another study (Fig. 3.7), volunteers were
given nortriptyline followed by a single dose
of activated charcoal 30 min later or multiple
doses ranging over the next 6 hr (16). The
results clearly indicate that repeated adminis-
tration of the adsorbent reduced absorption of
nortriptyline better than did a single dose.

Kulig et al. (43) evaluated the efficacy of
gastric decontamination in 592 acute oral drug
overdose patients. The effect of activated
charcoal alone on clinical outcome was com-
pared to that of syrup of ipecac or gastric la-
vage followed by activated charcoal. Results
demonstrated that patients receiving activated
charcoal alone did just as well as the compari-
son group. The investigators noted that use of
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FIG. 3.7. Effect of activated charcoal on peak
plasma nortriptyline levels and nortriptyline
availability. (From ref. 16.)
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syrup of ipecac delayed administration of the
charcoal by more than 2 hr. Also, the value of
gastric lavage was questionable if performed
more than 1 hr postingestion.

Use ofActivated Charcoal with Ipecac
or H-Acetylcysteine

It has been stated that activated charcoal
should not be given within 30 min of syrup
of ipecac unless the victim has already vom-
ited (25). If both substances are to be adminis-
tered, ipecac should precede the charcoal. This
is important to remember because emetine and
cephaeline, which comprise over 90% of the
active emetic alkaloids of ipecac (14), are ad-
sorbed onto activated charcoal, thus negating
their pharmacologic action.

More recent investigation suggests that the
two substances can be given within 10 min
of each other (28). In one study, emesis was
successfully induced in patients given 60 mL
of syrup of ipecac followed 5 min later by
activated charcoal (40).

Although activated charcoal has been
shown to bind acetaminophen effectively, it
is not recommended for concurrent use when
A(-acetylcysteine is indicated as the antidote
for acute acetaminophen poisoning (34) (see
chapter 12). A recent study reported no sig-
nificant difference in A/-acetylcysteine serum
concentrations, peak concentrations, or half-
life after A(-acetylcysteine alone or A(-acctyl-
cysteine plus activated charcoal (73).

Cathartics

Saline cathartics are preferred by most ex-
perts when catharsis is desired to remove toxic
substances from the GI tract, although there
have been few studies to evaluate their effec-
tiveness. A rule of thumb is that, whenever
contact time between the poison and absorp-
tion sites is reduced, the potential for toxicity
will likewise be lessened (88). Commonly
used cathartics and recommended doses are
listed in Table 3.9.

Catharsis should not be attempted when the
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TABLE 3.9. Cathartics used In poison treatment

Cathartic

Magnesium sulfate 10% (epsom salts)

Magnesium citrate (Citrate of Magnesia)

Sodium sulfate 10%

Sodium sulfate/sodium phosphate (Fleet Phosphosoda)
Sorbitol

* Diluted with water.
*Use with caution.

poison is strongly corrosive, the patient has
electrolyte disturbance, or bowel sounds are
absent. Aside from a few exceptions, includ-
ing castor oil for phenol intoxication and min-
eral oil for fat-soluble vitamin overdoses, no
stimulant or lubricant cathartic or laxative
other than saline catharsis should be recom-
mended. Additionally, magnesium-containing
cathartics should not be given to persons with
compromised renal function because of the
possibility of causing CNS depression due to
accumulation of high concentrations of mag-
nesium in the serum. Sodium-containing ca-
thartics are, likewise, best avoided by persons
with congestive heart failure or other condi-
tions where fluid retention would pose sig-
nificant danger (83). Use of concentrated diso-
dium phosphate enema (Fleet Phospho-Soda)
has led to hypernatremia, hyperphosphatemia,
and hypocalcemia (7,52,74). Multiple-dose
cathartic therapy has resulted in severe hyper-
magnesemia even in patients with good renal
function (86). Metabolic disturbances are the
most common consequences of acute cathartic
use (83).

The efficacy of saline cathartics to decrease
drug absorption has been evaluated by many
investigators (23,41,85). Evacuation action of
saline cathartics inconsistently decreases drug
absorption and may require several hours
(12,88). In another study, examining the effect
of saline cathartics on the efficacy of activated
charcoal showed that addition of a saline ca-
thartic to the regimen of a patient receiving
activated charcoal does not enhance the effect
of charcoal alone (85).

The use of sorbitol at doses of 1to 1.5 g/

Dose
Child Adult
250 mg/kg 5-10 0
4 mL/kg 250-300 mL
250 mg/kg 15-20 g
20 mL* 40 mL'
1.5 gkg* 1.5 g/kg (50 mL)

kg as a cathartic has recently been advocated
over other osmotically active drugs. It may be
a superior cathartic to both magnesium and
sodium sulfate (39) and may become the ca-
thartic of choice when such activity is desired.
Moreover, it is associated with the fewest
electrolyte abnormalities and has the shortest
gastrointestinal transit time (26).

Whole Bowel Irrigation

A new therapy that looks promising for gas-
tric decontamination is whole bowel irrigation
(26). The procedure is also used to cleanse
the entire gastrointestinal tract before surgery.
The solution most commonly used is a sodium
sulfate and polyethylene glycol electrolyte so-
lution (e.g., Golytely, Colyte) that is not ab-
sorbed and does not lead to fluid or electrolyte
imbalance.

Experimental studies have shown decreased
absorption for salicylates, lithium, and ampi-
cillin. Whole bowel irrigation has also been
used in overdoses of iron and zinc sulfate and
in removing ingestions of cocaine packets.
Whole bowel irrigation seems to be safe in
children.

Demulcents

Occasionally a demulcent is all that is
needed to treat a poisoning. Many plants and
chemicals cause oral and gastric mucosal irri-
tation but no serious toxicity. Management of
these acute ingestions may include ice cream,
milk, or another soothing demulcent to reduce
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irritation. Egg whites (up to a dozen for an
adult), which serve as a source of readily
available protein, have been given for corro-
sive intoxications and can be unofficially
classed as a demulcent.

Demulcents are also of benefit when treat-
ment is not needed but it is obvious that the
patient or parent demands that "something be
done!” Thus, a demulcent frequently serves
as important placebo or palliative therapy.

Topical Decontamination

Numerous lipid-soluble chemicals can be
absorbed through the skin and cause systemic
toxicity within minutes. After derma) expo-
sures, all contaminated clothing should be re-
moved. Skin should be thoroughly flushed
with water and washed with mild soap. Some
recommend that tincture of green soap (soft
soap liniment, which contains 30% alcohol)
be used to clean the area, as its alcohol content
will solubilize some poisons. Few homes have
tincture of green soap available, and valuable
time may be lost while trying to locate it.
Ordinary soap is adequate for most routine
procedures.

No creams, ointments, or occlusive ban-
dages should be placed over the contaminated
area. These would have to be removed before
a physician could treat the area.

The eye poses a special problem with
spilled or splashed chemicals. Many sub-
stances are absorbed within minutes through
the cornea, causing permanent damage, in-
cluding loss of eyesight. When ocular contam-
ination occurs, irrigation with lukewarm water
must be immediately instituted and continued
for at least IS to 20 min. Contact lenses, if
present, should be removed and the eyes held
directly under a softly flowing stream of wa-
ter. Medicine droppers or irrigation syringes
are inadequate for rinsing the eyes because
they do not hold a sufficient reservoir of water.
The victim should seek medical attention im-
mediately after irrigation.
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METHODS TO INCREASE
ELIMINATION OF TOXIC AGENTS

It was previously stated that repeated dosing
with activated charcoal can reduce blood lev-
els of certain drugs. Other methods of enhanc-
ing the elimination of a toxic agent include
forced diuresis and pH alteration, peritoneal
dialysis, hemodialysis, hemoperfusion, and
the use of specific antibodies. After gastric
decontamination, the next logical step in the
management of a poisoned patient is to ad-
dress methods for eliminating the toxic agent
that has been absorbed into the blood. The
factors listed in Table 3.10 are useful in de-
termining when methods to enhance elimina-
tion will be applicable.

Forced Diuresis and pH Alteration

Forced diuresis was once recommended to
help remove chemicals and drugs from blood.
It is useful when compounds or active metabo-
lites are eliminated by the kidney and diuresis
enhances their excretion. Although many di-
uretic agents have been recommended over
the years, either mannitol or furosemide was
generally used. The use of these drugs in over-
doses was fraught with complications, such as
pulmonary and cerebral edema. This method
ofenhanced renal elimination is no longer rec-
ommended. At best, forced diuresis may in-
crease excretion of a chemical twofold.

Many toxic compounds are weak acids or

TABLE 3.10. Indications for use of methods
to enhance elimination of a toxic agent

Patient presents with overt signs and symptoms of
toxicity.

Patient's status deteriorates despite good supportive
care.

Amount of toxic agent ingested is likely to produce
significant toxicity or death.

Blood concentration of the toxic agent absorbed is
likely to produce significant toxicity or death.

Normal routes of detoxification and elimination of the
toxic agent are impaired.

Patient ingested significant quantity of an agent that
is metabolized to a toxic metabolite.
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weak bases and in solution become ionized.
The degree of ionization depends upon the
dissociation constant (Ka) of the compound
and the pH of the medium; the ratio of ionized
to nonionized form of the compound is gov-
erned by the Henderson-Hasselbach equation.
At physiologic pH, most drugs are partially
ionized. The pKa of a particular compound
is 50% ionized (polar) and 50% nonionized
(nonpolar). Weak acids have a pKa between
3.0 and 7.5, and the pKa of weak bases ranges
from 7.5 to 10.5.

Nonionized (nonpolar) compounds move
easily across cell membranes, whereas ionized
(polar) compounds are much less diffusible.
TTie goal of urinary pH manipulation is to en-
hance renal excretion of a compound by in-
creasing the amount of the ionized (polar)
form in the kidney. As toxic agents pass
through the kidney, they are Altered, secreted,
and reabsorbed across the tubular membrane.
The ionized (polar) form is trapped in the renal
tubule and excreted; the nonionized form is
reabsorbed in the blood. The purpose of pH
manipulation is to present to the kidney the
compound in its ionized (polar) form so that
renal elimination of that compound is en-
hanced. Ideally, increased elimination of weak
acids will occur when urinary pH is more alka-
line. Conversely, enhanced elimination of
weak bases will occur when urinary pH is
nonacidic.

Alkaline diuresis is achieved by administra-
tion of sodium bicarbonate, 1 to 2 tnEq/kg
every 3 to 4 hr. The objective is to increase
urinary pH to between 7 and 8. This will be
virtually impossible unless any potassium
chloride dehciency has been corrected. The
potential uses of urine alkalinization have
been with weak acids, such as salicylates,
phénobarbital, and 2,4-dichlorophenoxyacetic
acid (2,4-D) (45,59,71).

Acid diuresis is possible by using ammo-
nium chloride, 75 mg/kg/24 hr. The endpoint
for acidihcation is a urinary pH between 5.5
and 6.0. At one time, acid diuresis was favored
to increase the elimination of weak bases, such
as amphetamines, phencyclidine, and quini-
dine. However, because of complications of
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using acid diuresis and its questionable effec-
tiveness, it is no longer tecorrunended.

Dialysis and Hemoperfusion

The following procedures are limited in
scope and not routinely performed for every
toxic ingestion. They are used as adjuncts to
management of severely intoxicated patients.

The frequency and severity of complica-
tions that may develop after drug overdoses
increase with the length of time the patient
remains unconscious (3,6). It is desirable to
reduce this time by any means available. Even
though the concentration of toxic agent in the
blood has decreased and the victim has awak-
ened, irreversible damage may have occurred.
To illustrate, a patient who ingested approxi-
mately 100 mL of carbon tetrachloride (an
otherwise lethal dose) awoke after 7 hr of he-
moperftision, but irreversible pulmonary in-
sufficiency and hepatic damage appeared
weeks later (99).

Dialysis and perfusion methods should
never replace the use of more specific treat-
ment or antidotes. A patient with an acute
opioid overdose, for example, is best treated
with naloxone, the specific antidote. These
procedures would be of little value in treating
acute ingestion of cytotoxic poisons, such as
cyanide, which produce toxic eftects very rap-
idly, often within minutes. Furthermore, if the
ingested drug has a high ther”utic index,
these procedures would have questionable
value.

Dialysis is governed by the laws of osmosis
(69). A diffusible chemical dissolved in water
partitions across a semipermeable membrane,
and the solution moves from an area of higher
concentration (i.e., the blood) to one of lower
concentration (i.e., a dialyzing solution). The
utility of dialysis in treating drug and chemical
intoxications has expanded over the past de-
cade. The literature now documents numerous
studies that compare the efficacy of differ-
ent dialytic procedures for removing toxic
substances.
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FIG. 3.8. Procedure for peritorreal dialysis.

Peritoneal Dialysis

Peritoneal dialysis is the most easily per-
formed method and is associated with the low-
est risk for complications. However, it is also
the least effective method for removing most
poisons.

The procedure is undertaken by inserting
a tube through a small incision made in the
midabdominal area into the peritoneum (Fig.
3.8). The peritoneal membrane serves as the
semipermeable (dialyzing) membrane. In this
way, the dialyzable chemical diffuses from
blood across the peritoneal membrane into the
dialyzing fluid (moves from an area of higher
to lower concentration). A warmed sterile dia-
lyzing solution (up to 2 L for adults and 1L
for children) is introduced into the peritoneal
cavity over a period of 15 to 20 min. The fluid
is left in place for 45 to 60 min for equilibra-
tion to occur and then removed. A fresh solu-
tion is reintroduced and the process repeated.
Up to 30 L or more of dialysis fluid may be
used.

The dialysis solution normally consists of
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a balanced electrolyte solution, although vari-
ous solutions from different manufacturers
vary in composition. The osmotic pressure of
the fluid is maintained above that of extracel-
lular fluid with dextrose. By making the dial-
ysis fluid hypertonic, there should be an in-
creased recovery of water-soluble chemicals.
For chemicals that are highly protein-bound,
addition of albumin to the dialyzing solution
may be helpful to increase recovery. The dial-
ysis solution may also be modifled by ad-
justing its pH. In acute phénobarbital inges-
tion, for example, using an alkaline solution
may considerably increase total drug recov-
ery. Some dialysis procedures use lipids such
as peanut oil to attract such chemicals as glu-
tethimide, which are highly lipid soluble.

In general, peritoneal dialysis is 5 to 10
times less efficient than hemodialysis (8,84).
It is not the procedure of choice when rapid
removal of a toxic substance is needed. On
the other hand, peritoneal dialysis does not
require elaborate equipment and needs little
medical supervision.

Complications of peritoneal dialysis include
abdominal pain; intraperitoneal bleeding; in-
testinal, bladder, liver, or spleen perforation;
peritonitis; water and electrolyte imbalance;
and protein loss.

Hemodialysis

The same basic principles apply to hemodi-
alysis (extracorporeal dialysis). For peritoneal
dialysis, an in vivo (peritoneal) membrane is
utilized; in hemodialysis, however, a cello-
phane bag (artificial kidney) forms the semi-
permeable membrane.

Two catheters are inserted into the patient’s
femoral vein, about 2 inches apart. Blood is
pumped from one catheter through the dialysis
unit, across the semipermeable membrane,
and back through the other catheter. The pro-
cedure is usually continued for 6 to 8 hr. The
solubilized chemical diffuses across the semi-
permeable membrane into the dialysis solu-
tion. Clearance of the toxic agent is based
on differences in osmotic and concentration
gradients.
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If a chemical is to be effectively removed
by dialysis, it must have a low molecular
weight and small molecular size to diffuse
passively across the dialyzing membrane.
Usually, chemicals with molecular weights
greater than SOOdaltons do not cross the mem-
brane. Since only free chemical diffuses from
blood into the dialysis solution (proteins are
too large to pass through the membrane), he-
modialysis is less effective for drugs that are
highly protein-bound.

The effectiveness of hemodialysis is deter-
mined by the rate of clearance, plasma con-
centration, and duration of dialysis. This
means that certain pharmacokinetic parame-
ters may be helpful in estimating whether a
particular chemical can be dialyzed. For ex-
ample, if the volume of distribution (Vd) is
greater than 250 to 3(X) L, less chemical per
unit of blood is available for elimination by
dialysis. Chemicals such as salicylates, which
have a small volume of distribution, are more
readily removed by dialysis because the
plasma concentrations are greater in relation
to the total amount of drug in the body. Addi-
tionally, there is a high concentration gradient
between the blood and dialysis solution. He-
modialysis is virtually useless for chemicals
that are extensively taken up by tissues be-
cause, at steady state, they circulate only at
very small concentrations. Also, unless the
overall clearance of a chemical with dialysis
is much greater than the total body clearance
rate, the elimination half-life of the drug is
not significantly shortened.

Complications include clotting and seepage
of blood from around connections, hypoten-

FIG. 3.9. Serum concentrations of lithium in a
patient who took an intentional overdose. Blood
samples were taken before, during, and after
two hemodialyses. (From ref. 69.)

sion, convulsions, arrthythmias, infection, and
hematologic defects.

Figure 3.9 illustrates the effectiveness of
hemodialysis. Serum concentrations of lith-
ium are shown to decrease appreciably during
the procedure. For other examples, see the
case studies at the end of this chapter and
chapter 4.

Hemoperfusion

Hemoperfusion is significantly more effec-
tive than peritoneal dialysis and hemodialysis
(Table 3.11) for removing intoxicating com-
pounds, particularly those that are lipid solu-
ble or protein bound or those that, for other
reasons, are poorly dialyzable. A list of com-
mon poisonous substances that are easily re-
moved by hemoperfusion is shown in Ta-
ble 3.12.

TABLE 3.11. Comparison of hemodialysis with hemoperfusion

Chemical Hemodialysis'
Phénobarbital 0.27
Amobarbital 0.26
Paraquat 0s
Carbromal 0.25-0.4
Digoxin 0.15
Glutethimide 0.16
Methaquaione 0.13

From ref. 99.

Charcoal hemoperfusion*

Resin hemoperfusion*

0.5 0.8-0.9
0.9
0.9
1
0,4
OB

0.5-1

No o

0.
0.
5-
3-
.6-
4-

2~ cocoog\w

ocoooo

‘ Expressed as plasma extraction ratio: PER = iniet concentration - outlet concentration/inlet concentration.
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TABLE 3.12. Partial list of poisonous
substances removed by hemoperfusion

Barbiturates

Amobarbital

Butabarbital

Carbromal

Pentobarbital

Phénobarbital

Secobarbital
Nonbarbiturate sedatives

Ethchlorvynol

Glutethimide

Methyprylon

Methaqualone

Diazepam

Chloral hydrate

Chlorpromazine

Promazine

Meprobamate
Analgesics

Aspirin

Methyl salicylate

Acetaminophen
Antidepressants

Amitriptyljne

Deslpramine
Cardiovascular agents

Digoxin

Procainamide
Miscellaneous

Amanita phalloides (poisonous mushrooms)

Carbamazepins

Carbon tetrachloride

Ethylene glycol

Organochlorine insecticides

Ethylene oxide

Lithium

Methotrexate

Paraquat

Potychlorinated biphenyls

Selected organophosphate insecticides

Theophylline

From refs. 69 and 99.

The ability of activated charcoal to adsorb
toxic substances has been recognized for
many years. Numerous analytical procedures
have used anion exchange resins, as well as
nonionic resins, such as Amberite XAD-2, to
separate drugs. Consequently, either of the
resins may be used.

Regardless of the type of adsorbent used,
blood is withdrawn via an arteriovenous or
venovenous shunt (Fig. 3.10) and passed di-
rectly over the adsorbing material contained
in sterile columns (Fig. 3.11). The procedure
is simple, and columns are - commercially
available.

Indications for hemoperfusion in severe in-
toxications are evaluated by two important cri-
teria. The first consideration is whether the
adsorbent will eliminate the chemical from the
blood. Second, the volume of distribution
must be small and the half-life of the intoxi-
cant relatively long, so that the drug can con-
tinue to be drawn from the tissues to the blood
and consequently removed.

Primary complications include trapping of
white blood cells and platelets and microem-
bolization. These problems have largely been
eliminated with newer systems. When throm-
bocytopenia (decreased platelets) does occur,
it seldom poses a significant problem in treat-
ing overdoses.

SPECIFIC ANTIDOTES

Although there are some specific antidotes
based on their pharmacologic activities, rela-
tively few are actually used for treatment of
poisoning. Specific antidotes are explained
only briefly in this chapter but are discussed
in more detail in appropriate chapters as they
are applicable for specific poisonings. A list of
common antidotes and formulations and their
recommended uses is given in Table 3.13.

Classification of Specific Antidotes

Specific antidotes may be classified into one
of four categories: chemical, receptor, disposi-
tional, and functional. Chemical antidotes re-
act with the poisonous chemical to produce
a compound of lesser toxicity or one that is
absorbed to lesser degree than the parent com-
pound. In oxalic acid poisoning, absorption
produces renal damage. Calcium salts react
with oxalic acid to yield a poorly soluble com-
pound, calcium oxalate, which passes through
the intestines without being absorbed.

Antidotes such as dimercaprol [British anti-
lewisite (BAL)], deferoxamine (E)esferal), and
succimer (Chemet) form chemical chelates
with heavy metals. Chelated complexes are
water soluble and readily excreted by the
kidney.
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VENOUS

ARTERIAL

FIG. 3.10. Diagram illustrating hemoperfusion technique for removing poisonous compounds from

the blood.

Receptor antidotes compete with the poison
for receptor sites. Examples include naloxone
reversal of morphine-induced respiratory de-
pression and cholinergic blockade by atropine.

For atropine or other anticholinergic poi-
sons, physostigmine is a specific antidote.
Physostigmine is a reversible cholinesterase
inhibitor. Although it does not directly block
atropine’s effects by competing with it for
muscarinic receptor sites, it inhibits the activ-
ity of plasma pseudocholinesterase. This inhi-
bition results in increased acetylcholine levels,
which then compete with atropine for its re-
ceptor sites.

Dispositional antagonism involves alter-
ation of absorption, metabolism, distribution,
or excretion of toxic agents to reduce the
amount available to tissues. In acetaminophen
overdose, for example, a toxic metabolite
causes hepatotoxicity. Conversion of this
toxic intermediate to a nontoxic form proceeds
by conjugation with glutathione, a sulfhydiyl
(-SH) group donor. When glutathione reserves
are depleted, as occurs after massive over-
doses of acetaminophen, toxic manifestations
appear. A™-Acetylcysteine is also a source of
sulthydiyl groups, which serve the same func-
tion as endogenous glutathione. Acetamino-

phen and its toxic metabolite are therefore de-
toxified with Af-acetylcysteine administration,
and the liver ceils are not subjected to pro-
longed toxicity.

A Junctional (physiologic) antagonist acts
on one biochemical system to produce effects
that are opposite ftom those produced on an-
other system. For example, during an anqgjhy-
lactic reaction after administration of a drug,
the individual experiences severe breathing
difficulties, due in part to intense bronchocon-
striction. Epinephrine reverses this effect, and
breathing is normalized.

SUMMARY

Common sense is the dictum that governs
most procedures discussed in this chapter.
Successful management of acute poisonings
requires a systematic plan. Management of
poisoned patients is based largely on clinical
experience rather than tested methods.

Before proceeding to the next chapter, re-
view the procedures outlined for management
of acute poisonings. Take special effoit to un-
derstand when a treatment should be used and
when treatment would be considered detri-
mental to the patient.
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FIG. 3.11. IHustration showing the components
oi a hemoperfusion cartridge.

Case Studies

CASE STUDY: FATAL POISONING
FROM A SALT EMETIC

History

A 3-year-old boy was given an unmeasured
quantity of salt in water to induce emesis after
his mother discovered that he had ingested 36
baby aspirin tablets (81 mg each). The boy
did not vomit, and so he was taken to the
hospital. Three hours after receiving the salt
solution at home, he underwent lavage with
saline solution. Shortly, he lost consciousness.
Approximately 3 hr after the lavage proce-

dure, he experienced a tonic-clonic convul-
sion. Although convulsions were managed
with anticonvulsant therapy, he died 2 days
later of cardiac arrest.

During his hospitalization, the victim's se-
rum sodium concentration was approximately
180 mEq/L; it remained elevated throughout
the period. His heart rate had increased to 220
beats/min. There were no murmurs or signs
of cardiac enlargement and no history of
congestive heart failure. Toward the end he
developed respiratory arrest and required
mechanical ventilation. Two separate electro-
encephalograms, taken 24 hr apart, showed no
evidence of electrical activity. Symptoms of
aspirin intoxication were present but not se-
vere, and aspirin was not considered to be a
major factor in his death.

Autopsy permission was not given. All se-
quelae were consistent with CNS abnormalit-
ies caused by hypernatremia. (See ref. 4.)

Discussion

1. Explain how hypernatremia could lead to
CNS abnormalities and cause this child's
death. Why do you suppose he died from
cardiac failure?

2. Was lavage with saline (approximately 3
hr after the victim was first given the salt
solution) wise or unwise?

3. It has been calculated that a level table-
spoonful of salt contains at least 250 ttiEq
sodium. This is a sufficient quantity to raise
the serum sodium concentration in a 3-
year-old child, ifall is retained, by 25 mEq/
L. (The child’s mother did not recall how
much salt she had given the boy; we can
only guess it was excessive.) Knowing that
this sodium level is inconsistent with life,
what conclusions can you draw about rec-
ommending salt solution for emesis?

CASE STUDIES: IPECAC MISUSE
History: Case 1

Ipecac syrup was prescribed for a 23-
month-old girl after she swallowed an un-
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TABLE 3.13. Selected antidotes and formulations for treating poisoning

AnUdote/fomnulation

N-Acetylcysteine

Activated charcoal

a- and /7-Adrenerglc blockers
Atropine

Bicartionate, sodium
Botulism antitoxin
Calcium

Calcium gluconate
Chlorpromazine

Cyanide antidote kit (nitrites and sodium

thiosulfate)
Deferoxamirre
Dextrose in water 50%
Diazepam
Digoxin Fab antibody fragments
Dimercaprol (BAL)*
Dopamine HCI*
Edrophonium chloride
EDTA*
Epinephrine
Ethanol
Flumazenil
Folinic acid (leucovorin)
Fuller's earth
Glucagon

Ipecac syrup
Magnesium citrate

Magnesium sulfate (Epsom salts)

Mannitol

Methylene blue
Naloxone
Nitroprusside
Norepinephrine
Oxygen
Penidliamine
Phenytoin
Physostigmine
Pralidoxime
Protamine sulfate
Pyridoxine HCI
Snake antivenom
Sorbitol

Starch

Succimer
Sympathomimetics
Thiamine HCI
Vitamin K,

From refs. 32, 42, and 91.
‘ BAL, British antilewisite.
HCI, hydrochloride.

“EDTA, ethylenediaminetetraacetic acid.

Use(s) or application In poisoning

Acetaminophen

General adsorbent

Sympathomimetic

Cholinesterasa inhibitors, *-adrenergic blockers, bradycardia
to digitalis, certain mushrooms

Aspirin, tricyclic antidepressants

Closthdiurn botulinum

Oxalates, fluorides, ethylene glycol, calcium channel
blockers

Hydrofluoric acid bums

Amphetamine

Cyanide

Iron salts

Hypoglycemic agents, altered mental status

CNS stimulants

Digoxin, digitoxin

Arsenic, other selected metals

Hypotension

Anticholinergic agents

Lead

Anaphylactic reactions

Methanol, ethylene glycol

Benzodiazepines

Methotrexate

Paraquat

IS-Adrenergic blockers, calcium channel blockers, oral
hypoglycémies

General-use emetic

General (oral cathartic)

General (oral cathartic)

Osmotic diuretic, cerebral edema, rhabdomydysis,
myoglobinuria

Methemoglobinemia

Opioids

Hypertension

Hypotension

Carbon mortoxide, cyanide, methemoglobinemia

Copper, other selected metals

Seizures

Anticholinergic agents

Organophosphorous irisecticides

Heparin

Isoniazid

Snake bites (coral and pit viper)

Cathartic

lodine

Lead

a- arxl /9-Adrenergic blocking drugs, antihypertensives

Thiamine deficiency, ethylene glycol

Oral anticoagulants
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known number of tablets of an antiemetic
preparation (no longer marketed). A physician
instructed the child’s baby-sitter to give the
child 1teaspoonfiil every 5 min until she vom-
ited, and a 120 mL bottle of syrup of ipecac
was dispensed.

Two hours later, the baby-sitter was worried
because the baby had become very drowsy
and still had not vomited. It was estimated
that 90 mL of syrup of ipecac had been given
to the child by this time.

On admission to the emergency department,
the child was extremely drowsy but respon-
sive to stimuli. Her pupils were constricted;
blood pressure was 95/65 mm Hg; respira-
tions, 20/min; and pulse, 120 beats/min. Gas-
tric lavage was performed, followed by a dose
of magnesium sulfate.

The next morning she began to exhibit car-
diac arrhythmias but was alert about 6 hr after
admission. She recovered uneventfully. (See
ref. 1.)

History: Case 2

A 26-year-old woman presented to the
emergency department with palpitations, chest
tightness, exertional dyspnea, and extreme fa-
tigue that had been persistent for the past 10
days. Medications included oral contracep-
tives (discontinued 1 month before admission)
and amphetamines (discontinued 10 days be-
fore admission). To lose weight she had been
consuming three to four l-ounce bottles of
syrup of ipecac daily, after meals, for 3
months.

On admission, her blood pressure was 75/
60 mm Hg; pulse, 150 beats/min; respirations,
20/min; and temperature, 36.7°C. Electrocar-
diogram recordings showed supraventricular
tachycardia (150 beats/min). The patient be-
came severely hypotensive and dyspneic and
steadily worsened. Despite intensive medical
treatment, she died of ventricular arrhythmias.
(See ref. 9.)

History: Case 3

An 18-year-old woman had suffered with
anorexia nervosa for several years. Her ado-

lescent desire to decrease food intake gradu-
ally turned into periods of starvation and bu-
limia (constant craving for food; abnormal
eating binges). Her obsession with dieting was
probably due to some deeply rooted emotional
process. To increase weight toss, she began to
use indiscriminately about 60 Ex-Lax tablets
(phenolphthalein—a stimulant cathartic) per
day. Over a period of 2.5 years, the patient
lost approximately 35% of her original body
weight (71 kg).

For the next 5 months, she used syrup of
ipecac for its emetic effects. On a weekly ba-
sis, she probably ingested close to 300 mL
in doses up to 85 mL each. This made her
extremely weak, and she was constantly
fatigued.

She was finally admitted to a hospital by her
family physician because of tiredness, slurred
speech, dysphagia, and weight loss. On admis-
sion she weighed 54.5 kg. Her blood pressure
was 80/44 mm Hg (supine); pulse was 76
beats/min. She displayed severe skeletal mus-
cular weakness. Laboratory results were
unremarkable except for mild neutropenia,
lymphocytosis, transient increase in serum
glutamate oxaloacetate transaminase (SCOT),
and increase in creatinine phosphokinase
(CPK) and uric acid. Her electrocardiogram
(ECG) showed some minor T-wave changes
and sinus arrhythmias.

Treatment of this individual consisted of
psychotherapy and discontinuing the use of
the laxative and ipecac. She improved consid-
erably by 5 months. (See ref. 49.)

History: Case 4

A 3-year-old boy was admitted to an emer-
gency facility with status epilepticus of un-
known cause. The previous evening the child
had ingested three 100-mg tablets of propoxy-
phene napsylate, and his mother promptly no-
tified a poison control center. Her instructions
were to obtain a bottle of syrup of ipecac, give
the child I tablespoonful followed by water,
and repeat the dose only once if vomiting did
not occur within 15 to 20 min.
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Following these instructions, she sent a
nephew to the local pharmacy. The pharmacist
was unable to find any small bottles of syrup
of ipecac, but he did find an old, half-filled
bottle in the back room labeled “ipecac.” He
dispensed this preparation to the boy. The sub-
stance was eventually identified as fluid ex-
tract of ipecac.

The victim was given 1 tablespoonful of
this preparation. Twenty minutes later, the
mother tried unsuccessfully to give him an-
other tablespoonful, since he had not vomited
with the initial dose. He soon began to vomit
and continued for the next 12 hr. Six hours
before his hospital admission, he had an epi-
sode of profuse watery diarrhea. Also, opis-
thotonic generalized convulsions occurred
about an hour before he was brought to the
hospital.

On admission the child presented with
tachypnea. Pulse was 140 beats/min; respira-
tions, 3S/min; blood pressure, 110/80 mm Hg;
and temperature, 101.7T. There was general-
ized abdominal tenderness, and bowel sounds
were normal. Watery diarrhea persisted for
several days. Electrocardiogram monitoring
revealed T-wave inversion, and the child had
extreme muscular weakness.

The child was treated with phénobarbital to
control seizures and was given glucose intra-
venously. He remained in the hospital for 2
weeks and was given supportive and symp-
tomatic care. Follow-up examination revealed
normal growth, development, and hemato-
logic profiles. (See ref. 57.)

Discussion

1. In all cases, cardiac arrhythmias were pres-
ent. Why did they occur?

2. In case 2, how many milliliters of syrup of
ipecac did the patient ingest per day? How
does this compare to case 3? Syrup of ipe-
cac contains approximately 0.17 mg ofem-
etine per mL. What was the dose of eme-
tine per day of the patient in case 2?

3. How many equivalent teaspoonfuls of
syrup of ipecac did the victim in case 4

receive with 1 tablespoonful of fluid extract
of ipecac?

4. How does syrup of ipecac induce vom-
iting? What is the most logical explanation
for why it did not induce vomiting in
case 1?

5. There are many lessons to be learned from
these case studies. For example, in case 1,
what specific instructions on dosing syrup
ofipecac should the physician and pharma-
cist have told the I»by-sitter? In case 4,
what could the pharmacist who dispensed
the fluid extract product have done to pre-
vent this poisoning from ever happening?

CASE STUDY: EFFECTIVENESS OF
CHARCOAL HEMOPERFUSION

History

A 48-year-old woman was brought to the
emergency department 2 hr after ingesting SO
2(X)-mg aminophylline tablets (10 g amino-
phylline containing 8.5 g theophylline) pre-
scribed for an asthmatic condition. On admis-
sion, she was lethargic and confused but
coherent. Her blood pressure had “bottomed-
out” (50/0 mm Hg), and cardiac arrhythmias
were present.

Initial treatment consisted of lavage, fol-
lowed by activated charcoal and a saline ca-
thartic (magnesium citrate). Lidocaine was
given to control the arrhythmias. She was in
severe metabolic acidosis with an arterial pH
0f6.59. She became nonresponsive and anuric
and had a grand mal seizure. Serum theophyl-
line concentration was 190 “g/mL (50 /xg/mL
is frequently associated with seizures, hypo-
tension, and arrhythmias), and her prognosis
was grave.

At this point, approximately 9 hr after ad-
mission, she was placed on charcoal hemoper-
fusion. Within 1 hr, blood pressure and urine
output improved, as well as all other signs of
theophylline toxicity. Charcoal hemoperfii-
sion was continued for 5 additional hours. She
recovered with some residual neurologic de-
ficiency due to the cerebral anoxia. (See
ref. 24.)
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Discussion

1. Explain the meaning of the patient’s blood
pressure, described as “botlomed-out.”
What caused this to occur?

2. Explain how the anuric state and metabolic
acidosis are related to theophylline over-
dose.

3. Compare the rate of elimination of serum
theophylline before, during, and after char-
coal hemoperfiision. Are you convinced
hemoperfusion was of benefit? If so, what
specific event(s) led you to your decision?

CASE STUDY: MULTIPLE-DOSE
ACTIVATED CHARCOAL AS
ADJUNCT THERAPY AFTER

CHRONIC PHENYTOIN
INTOXICATION

History

The patient was a 67-year-oid, thin woman
whose history included alcohol abuse, hepatic
cirrhosis, hepatic encephalopathy, and a sei-
zure disorder. She was admitted to the hospital
because of altered mental status. Four months
previously she had been admitted because of
phenytoin toxicity.

On this admission she was lethargic and
ataxic but arousable. Her speech was dysar-
thric, and she had decreased movements of
the right upper and lower extremities. The re-
mainder of her physical examination was
unremarkable.

Laboratory data included prothrombin time,
19.8 sec (control, 10.2 to 11.7 sec); activated
partial thromboplastin time, 48 sec (control, 22
to 31 sec); serum albumin concentration, 30g/
dL (normal, 3.5 to 5 g/L); total bilirubin con-
centration, 1.4 mg/dL (normal, 0.1 to 1 mg/
dL); and serum phenytoin concentration, less
than O.S mg/L (usual therapeutic range, 10 to
20 mg/L). A computed tomographic (CT) scan
of the head showed cortical and cerebellar atro-
phy but no evidence of acute hemorrhage.
Cerebrovascular fluid was unremarkable. She
received 100 mg of thiamine hydrochloride, 50

mL of 50% dextrose solution, and 0.4 mg of
naloxone hydrochloride without improvement
in her mental status. Because of her seizure
disorder, phenytoin was prescribed, 300 mg
orally twice a day. Over the next 3 days her
mental status improved, and her neurologic ex-
amination became nonfocal.

On hospital day 3 the patient’s serum phe-
nytoin concentration was 11.7 mg/L. Phenyt-
oin therapy was continued. By day 7 her men-
tal status had deteriorated. She was incoherent
and agitated, with slurred speech, and was ori-
ented only to person. Her serum phenytoin
concentration was 44.4 mg/L. Phenytoin ther-
apy was discontinued; however, the patient’s
mental status did not improve over the next 2
days. Her serum phenytoin concentration on
day 9 was 45.2 mg/dL. A repeat CT scan of
the head was unchanged. Her serum glucose
concentration was normal.

Treatment consisted of 30 g activated char-
coal mixed in 70% sorbitol solution given by
nasogastric tube every 4 hr beginning on day
9 of hospitalization. Lactulose was given ev-
ery 4 hr. The following day the patient was
slightly improved; serum phenytoin concen-
tration was 40.0 mg/L. Therapy with activated
charcoal/sorbitol was continued. By the fol-
lowing day there was substantial improvement
in mental status; the serum phenytoin concen-
tration was 16.6 mg/L. Activated charcoal/sor-
bitol was discontinued after the third dose on
day 11 (Table 3.14). The patient remained
awake, alert, and oriented. She was discharged
4 days later.

Records from a prior admission for phenyt-
oin toxicity showed that her phenytoin con-
centration decreased from 42.5 to 27.5 mg/L
over a 4-day period with no specific therapy,
and the patient was discharged.

It is safe to say that, during the recent ad-
mission, multiple doses of activated charcoal
increased the clearance of phenytoin. (See
ref. 97.)

Discussion
1. What was the purpose for administering

thiamine, naloxone, and dextrose upon ad-
mission?
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TABLE 3.14. Phenytoin and charcoal dosing history

Phenytoin daily dosage Phenytoin concentration Times* of activated charcoal doses
Day (itng«ay) (mg/L) (hr)
1 600
2 600
3 600 11.8
4 600
5 600
6 600
7 300 44.4
8 39.5
9 45.2 2300
10 40.0 0400. 0800, 1200, 1600, 2000. 2400
11 16.6 0400, 1200, 1600
12 11.4
13
14
15 10.2
16

From ref. 97.
*The patient refused the 0600 dose on day 11.

2. The laboratory results (prothrombin time,
etc.) mentioned earlier were reported by
the authors of this case study to make a
point. What was it?

3. The sorbitol mixed with activated charcoal
served a function. Explain it Also, discuss
a possible alternative dosing schedule for
sorbitol for use with multiple charcoal doses.

4. The patient was determined to have a se-
verely impaired ability to metabolize phe-
nytoin (approximately 10% of normal).
List the factors, based on her previous his-
tory, which may have attributed to this.

5. Comment on the dose of activated charcoal
used. Would a smaller dose have been ef-
fective, and would a larger dose have been
appreciably better?

6. Recall that the activated charcoal enhanced
phenytoin clearance; it did not prevent its
original absorption. How do you suppose
it accomplished this? (Hint: Phenytoin has
a small volume of distribution, along with
modest biliary secretion.)

CASE STUDIES: POISONING
FROM AN ENEMA

History: Case 1

An 81-year-old man with a history of arte-
riosclerotic cardiovascular disease was admit-

ted to the hospital for control of rapid atrial
fibrillation. Physical examination was unre-
markable except for atrial fibrillation that soon
converted to normal rhythm with administra-
tion of digoxin. Laboratory data included
white blood cell count, S,900/nun”; hemoglo-
bin, 11.0 g/L; sodium, 135 mEq/L; potassium,
4.7 mEq/L; chloride, % mEq/L; bicarbonate,
26 mEq/L; blood urea nitrogen, 31 mg/dL;
creatinine, 2.7 mg/dL; calcium, 9.3 mg/dL;
phosphorus, 3.2 mg/dL; and magnesium, 2.0
mg/dL.

The next day he complained of constipation
and was given suppositories and stool soften-
ers (identity not stated). These brought no re-
lief. He was then given 135 mL of a sodium
phosphate enema containing 16 g sodium bi-
phosphate and 6 g sodium phosphate. He re-
tained nearly all of the enema, passing very
little stool during the next 24 hours. He soon
developed abdominal pain, distension, nausea,
and vomiting and became confused and lethar-
gic. Blood analysis was remarkable for cal-
cium, 5.4 mg/dL; phosphorus, 18.0 mg/dL;
blood urea nitrogen, 49 mg/dL; and creatinine,
3.4 mg/dL. Electrocardiography showed Q-T
interval prolongation. Rectal examination re-
vealed a large fecal mass.

The patient received calcium gluconate.
Digital disimpaction was performed and was
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followed by copious amounts of loose stool.
Physical symptoms and laboratory abnormali-
ties resolved over the next several days, and
he was discharged home. (See ref. 7.)

History: Case 2

The patient was a 1l-month-old. 8.9-kg
male infant admitted to the hospital to correct
an imperforate anus. The child was given 800
mL orally of a gastrointestinal lavage solution
(Golytely) containing polyethylene glycol, 60
g/L; sodium chloride, 1.46 g/L; and sodium
sulfate, 5.68 g/L. This was followed by four
adult-sized sodium phosphate enemas each
containing 118 mL of solution consisting of
sodium biphosphate, 143 g/L, and sodium mo-
nophosphate, 53 g/L. Profuse return of clear
solution followed.

Two and a halfhours after the enemas were
given, the patient underwent cardiac arrest.
Laboratory values included serum calcium,
5.4 mg/dL, and serum phosphorus, 63.3 mg/
dL. A 6-hour resuscitation that included cal-
cium administration, fluid expansion, phos-
phate-binding resins, and peritoneal dialysis
was unsuccessful. The child died (52).

Discussion

1. Both case studies show that a common hy-
pertonic enema can cause toxicity, even
death. Outline the events of both cases that
led to the toxic outcomes.

2. Explain the relationship between blood cal-
cium and phosphorus concentrations. Why
did the calcium concentration decrease
when phosphorus increased?

3. Calculate the total quantity of sodium bi-
phosphate and sodium phosphate received
by patient 2.

4. Arterial pH values were not reported in
either case. Speculate what probably hap-
pened, if anything (acidosis or alkalosis),
and tell why.

Review Questions

1. A patient presenting with deep tendon re-
flexes but without response to painful
stimuli is in which of the following stages
of CNS depression?

A. Suge 1
B. Stage 2
C. Stage 3
D. Stage 4

2. Tannic acid has been shown to cause toxic

problems in which of the following sys-
tems?

A. Heart

B. Brain

C. Liver

D. Blood

3. Which of the following is a true statement

about activated charcoal?

A. It should be administered in adult dos-
ages of 10 to 20 g.

B. The best grade is manufactured from
powdered coal.

C. It is a better treatment than the
versal antidote.”

D. For best overall activity it should be
taken in dry form.

13

‘uni-

4. All of the following statements about

syrup of ipecac are tnie except:

A. It is 14 times stronger than fluid ex-
tract of ipecac.

B. It causes emetic action by direct stim-
ulation of the GI tract.

C. Ifgiven along with activated charcoal,
it should precede the latter by at least
30 min.

D. Ipecac has been shown to cause car-
diac toxicity.

5. In which type of poisoning is a chelating

agent used?

A. Insecticide

B. Heavy metal
C. Digitalis

D. Acetaminophen

6. A first aid measure for eye contamination

is to;
A. Instill eye drops containing a sympa-
thomimetic amine
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8.

9.

10.
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B. Cover the eye(s) with gauze bandages

C. Irrigate the eye(s) with water for at
least IS to 20 min

D. Attempt to remove particulate matter
with tweezers

Which of the following is a true statement?

I. Generally, a concentrated solution of
a chemical is absorbed more quickly
from the stomach than is a diluted so-
lution of the same chemical.

II. Ipecac-induced emesis is more intense
if the victim is supine and calm versus
upright and active.

III. Once a substance has passed from the
stomach into the intestine, it can no
longer be retrieved by emesis.

A. T only

B. II only

C. Il only

D. I and II only
E. T and III only
F. II and III only
G. I, II. and III

Which of'the following statements is true?

A. When ipecac syrup is to be given in
a poison case, emesis must be induced
before activated charcoal is adminis-
tered.

B. Universal antidote is superior to acti-
vated charcoal for treating poisonings.

C. All brands of activated charcoal are
interchangeable because they are stan-
dardized to assure they exert the same
binding activity.

D. To enhance its activity, activated
charcoal should be given as a dry
powder, not mixed with liquids.

For which of the following ingestions

should emesis not be considered?

A. Diazepam

B. Ethanol

C. Acids

D. Camphor

Emesis ordinarily should be recom-

mended for all of the following poison
ingestions except:

A. Aspirin

B. Barbiturates

11.

12.

13.

14.

15.

16.

C. Hydrocarbons

D. Insecticides

First aid for dermal exposure to poisons

is to;

A. Flush the affected area with cool wa-
ter for at least 10 min

B. Apply antibiotic ointments

C. Wrap the wound in bandages

D. Soak the affected area in ethanol

An order to administer sodium bicarbon-

ate to treat an overdose of an acidic drug

would increase excretion of the toxic drug
because the:

A. Alkaline urine decreases the quantity
of ionized drug.

B. Alkaline urine increases the quantity
of ionized drug.

C. Acid urine decreases the quantity of
ionized drug.

D. Acid urine increases the quantity of
ionized drug.

Activated charcoal is used in the treat-

ment of poisonings to:

A. Provide a bulk laxative effect

B. Induce emesis

C. Coat the GI tract

D. Adsorb toxic agents in the GI tract

In which of the following intoxications is

naloxone hydrochloride employed?

A. Quinidine

B. Opioids

C. Acetaminophen

D. Salicylates

The average adult dose of activated char-

coal is closest to:

A 10g

B. 30 g

C. 100 g

D. 300 g

The goal of demulcent therapy is to:

A. Chelate the poison with calcium,
which is present in most dairy prod-
ucts

B. Induce emesis .

C. Hasten the movement of the toxicant
through the GI tract

D. Minimize abdominal discomfort by
soothing and coating the GI tract
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18.

19.

20.

21.

22.

23.
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Fuller’s earth is an adsorbent of choice

for which of the following?

A. Cyanide

B. Carbon monoxide

C. Paraquat

D. Isopropyl alcohol

Which of the following should be ad-

dressed only affer the other four consider-

ations have been assessed satisfactorily?

A. Ensuring respiratory function

B. Determining the identity of suspected
poison

C. Normalization of heart beat

D. Control of convulsions

E. Stabilization of blood pressure

All of the following chemicals are poorly

adsorbed by activated charcoal except:

Boric acid

Salicylic acid

Ferrous sulfate

Lithium salts

. Mineral acids

When the elimination of a drug can be

enhanced by changing the pH of the urine,

the half-life will become dependent upon

the pH of the urine and the urinary flow

rate.

A. True

B. False

For peritoneal dialysis (PD), hemodialy-

sis (HD) and hemoperfusion (HP), which

of the following is correctly ranked in in-

creasing order of clinical effectiveness

for enhancing the elimination of a poison?

A. PD < HD < HP

B. PD < HP < HD

C. HD < HP < PD

D. HP < HD < PD

When a cathartic is indicated to treat a

poisoning, Epsom salts may be the item

of choice. Which of the following best

describes this cathartic?

A. Sodium sulfate

B. Sodium phosphate

C. Magnesium citrate

D. Magnesium sulfate

When a cathartic is indicated to decon-

taminate the GI tract, unless otherwise

stated, the cathartic should be a:

MO0 W

24.

25.

26.

27.

28.

—

10.

Lubricant product

Stool-softening agent

Saline cathartic

Bulk-former laxative

Stimulant cathartic

What advice should be given to a mother
who asks about how much water should
be given to her child to dilute an ingested
poison? Comment on the use of (a) milk
and (b) carbonated beverages for use in
diluting a poison.

State the pros and cons of giving syrup
of ipecac to treat an ingestion of a sub-
stance that has antiemetic action.
Discuss the mechanism of action of syrup
ofipecac. Why might a second dose given
within 20 to 30 min be considered of little
additional value over the first dose?
Discuss the role of demulcents in treating
an ingested poison (e.g., their validity and
limitations).

Cite several risks associated with gastric
lavage.

MOOwp
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Alcohols are hydroxy derivatives of straight
or branched chain aliphatic hydrocarbons. The
more common alcohols may include up to
three hydroxyl groups with no more than one
on each carbon. Lesser common alcohols may
contain more than one hydroxyl group per car-
bon atom. Those alcohols that are the most
common causes of toxicity include ethanol
(ethyl alcohol; alcohol), methanol (methyl al-
cohol), and isopropanol (isopropyl alcohol).
In general, the longer the carbon chain, the
greater the toxicity. The exception to this rule
is methanol, which is more toxic than ethanol.

Dihydroxy alcohols are called glycols
(glyc- or glyco- from the Greek stem word
meaning sweet), referring to their sweet taste.
Dihydroxyethane is better known as ethylene
glycol, the simplest glycol. It is conunonly
referred to as permanent antifreeze and is a
fairly frequent cause of poisoning. Another
glycol is dihydroxypropane (propylene gly-
col), a constituent of numerous pharmaceuti-
cal products. For the most part, propylene gly-
col is not toxic.

Alcohols and glycols are discussed together
in this chapter for several reasons. First, they
are chemically similar. They also share many
common characteristics of acute poisoning,
and their acute toxicides are treated similarly.
However, each of the compounds in this chap-
ter has its own specific characteristics.

ETHANOL

Ethanol is the only alcohol that has wide-
spread intentional internal human use. Ethanol
is one of the oldest drugs and is the primary
alcohol present in fermented and distilled bev-
erages. It is also the most commonly used
psychoactive drug in the world (1).

Ethanol is a clear, colorless liquid that im-
parts a burning sensation to the mouth and
throat when swallowed. Pure ethanol has a
slightly pleasant odor. Ethanol is a powerful
CNS depressant that acts primarily on the re-
ticular activating system in the brain. In fact,
its actions are qualitatively similar to those of
general anesthetics. It has a relatively low or-

der of toxicity compared to methanol or
isopropanol.

Ethanol is discussed first because it is the
most frequently reported cause of alcohol tox-
icity and because an understanding of certain
aspects of its metabolic pathway and toxic ac-
tions is necessary to understand the mecha-
nism of toxicity and management of overdoses
involving methanol and ethylene glycol. As
with all alcohols and glycols discussed in this
chapter, only acute toxicologic considerations
will be presented.

Mechanism of Toxicity

The exact mechanisms by which ethanol
produces its pharmacologic and toxicologic
actions are not completely understood and
have been investigated for many years. The
CNS is selectively affected. Ethanol is thought
to act directly on neuronal membranes and not
on synapses. At the membrane, it may involve
ion transport and biogenic amines.

The effect of ethanol on the CNS is directly
proportional to its blood concentration (47).
The first region affected is the reticular acti-
vating system, resulting in disruption of the
motor and thought processes. Suppressing the
cerebral cortex causes a variety of behavioral
changes. Which specific behaviors will be
suppressed and which will be released from
inhibition depend on the individual. In gen-
eral, complex, abstract, and poorly learned
behaviors are disrupted at low alcohol
concentrations.

Ethanol depresses the CNS in a descending
order from the cortex to the medulla. Table
4.1 illustrates the correlation between blood
alcohol concentration (BAC) and the area of
the brain affected. Also, subjective feelings
are noted based on blood alcohol concentra-
tion and the area of the brain where ethanol
produces its effect.

Toxicokinetics of Ingestion
Absorption

The physicochemical properties of ethanol
are such that it is slightly polar and has a weak
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TABLE 4.1. Range of toxicity of ethanol

Clinical description/
symptoms
Mild
Decreased inhibitions
Slight visual impairment
Slowing or reaction time
Increased confidence
Moderate
Ataxia
Slurred speech
Decreased motor skills
Decreased attention
Diplopia
Altered perception
Altered equilibrium
Severe
Vision impairment
Equilibrium
Stupor
Coma
Respiratory failure

electronic charge and low molecular weight.
Ethanol is miscible in water and lipid soluble.
Therefore, it is easily absorbed and can pass
through cell membranes by simple diffusion.

The most common route of exposure to eth-
anol is ingestion, but it also can be absorbed
by inhalation of vaporized ethanol or through
the skin. Ethanol absorption after ingestion
begins in the stomach, but only a small per-
centage of the amount ingested is absorbed
directly into the blood through the stomach
wall. The rate of absorption is much greater
in the small intestine. Since absorption
through the stomach wall is minimal and rapid
absorption occurs in the small intestine, any
factor that delays or enhances gastric empty-
ing will influence the rate of absorption of
alcohol into the blood.

Several factors govern gastric emptying.
Food has a significant effect. When food, es-
pecially food rich in fat, is present in the stom-
ach, gastric emptying time is slower and ab-
sorption of ethanol is delayed. On an empty
stomach, complete absorption will take place
in about 1to 2 hr. On a full stomach, complete
absorption may be delayed up to 6 hr.

Other factors that affect ethanol absorption
include the amount, concentration, and com-
position of the alcoholic beverage. Absorption

0.05-0.10% (50-100 mg/dU)

0.15-0.30% (150-300 mg/dL)

>0.5% (>500 mg/dL)

Blood alcohol concentration

(wiv) Part of brain

Frontal lobe

Parietal lobe

Occipital lobe

Cerebellum

0.3-0.5% (300-500 mg/dL)

Occipital lobe
Cerebellum
Diencephalon

Medulla

is fastest from beverages containing 20% to
30% ethanol. Higher concentrations (e.g.,
straight whiskey) cause gastric irritation and
pylorospasm, which delays gastric emptying.
Lower concentrations of ethanol, such as beer,
are absorbed more slowly because of their low
alcohol content. Carbonated beverages, such
as sparkling wines and champagnes, are ab-
sorbed faster because the presence of carbon
dioxide promotes evacuation of the stomach.

Distribution

After absorption, alcohol is uniformly dis-
tributed throughout all tissues and body fluids.
The distribution pattern parallels the water
content and blood supply of each organ. Equi-
librium is rapidly established between alcohol
in the blood and in the tissue compartments.
Distribution of alcohol between alveolar air
and blood depends on the speed of diffusion,
its vapor pressure, and the concentration of
alcohol in the lung capillaries. The distribution
ratio between alveolar air and blood is
1:2,100. This consideration is utilized in deter-
mination of blood alcohol concentrations by
breath analysis methods.
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Metabolism

Understanding the metabolism of ethanol is
useful in predicting and managing the conse-
quences of its ingestion. Between 90% and
98% of absorbed ethanol is removed from the
body by enzymatic oxidation. Normally, about
2% to 10% is excreted unchanged, mainly
through the lungs and kidneys. Small amounts
can be detected in sweat, tears, bile, gastric
juice, saliva, and other secretions. Enzymatic
oxidation of ethanol occurs primarily in the
liver and to a smaller extent in the kidney.
The metabolic process involves three enzy-
matic reactions, as shown in Fig. 4.1. During
the first step, ethanol is oxidized to acetalde-
hyde by alcohol dehydrogenase, which re-
quires nicotinamide adenine dinucleotide
(NAD) as a cofactor. This is the rate-limiting
step in dissipation of alcohol from the body.
Hepatic alcohol dehydrogenase is a nonspe-
cific enzyme that also catalyzes conversion of
other primary alcohols and aldehydes, as well
as secondary alcohols and ketones.

Acetaldehyde, in the second step, is then
converted by aldehyde dehydrogenase, in the
presence of NAD, to acetic acid. Acetic acid
is available for the formation of acetyl coen-
zyme A (CoA). Acetyl CoA enters the Krebs
cycle, where it is eventually metabolized to
CO2 and water.

The metabolism of ethanol involves utiliza-
tion of NAD and accumulation of its reduced
form, NADH2, as shown in Figs. 4.1 and 4.2.
This results in a significant decrease in the

Alcohol
C,H,OH ¢ NAD* i>»hydrog»n«t«® CHjCHO ¢ NADH
Ethyl Alcohol Acataldohyd«
Aldohydo
CHjCHO ¢ NAD* CHjCOOH ¢ NADH
Acetaldahyda Acalle Acid
I CoA
Acatyl CoA
A via Kreb's Cycia
CO,+ H,0

FIG. 4.1. Biochemical pathway for ethanol me-
tabolism.
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NAD/NADH2 ratio in the liver and is respon-
sible for some of'the metabolic effects ofetha-
nol intoxication. Although the metabolic con-
sequences of ethanol ingestion are complex,
it is thought that they are partly due to inhibi-
tion of gluconeogenesis by ethanol as a result
of depletion of NAD. This can be easily un-
derstood if all of the reactions in Fig. 4.2 that
require NAD are located. Since NAD is de-
pleted during ethanol metabolism, these reac-
tions will proceed in the direction of the open
arrows. Consequently, amino acids that nor-
mally enter the glycolysis pathway and tricar-
boxylic acid (TCA; Krebs) cycle are shunted
into other pathways. There is a decrease in
oxaloacetate and pyruvate and an accumula-
tion of lactate and glycerol, resulting in accu-
mulation of fat in the liver. Also, significant
hypoglycemia can occur after acute and
chronic intoxication with ethanol (54). This
can sometimes be extremely critical, espe-
cially in children, and is often ignored.

Elimination

First-order elimination kinetics is the gen-
eral rule for most drugs. That is, most are
eliminated from the body at a rate that depends
on the amount of drug present in the body,
and the amount of drug remaining at any given
time in the body decreases exponentially to
zero. For ethanol, first-order elimination oc-
curs only for very low, clinically insignificant
BAC levels of less than 20 mg/dL or 0.02%.

Studies have established the K,,, or Mi-
chaelis-Menten dissociation constant, for al-
cohol dehydrogenase to be 9.7 mg/dL (range
of 8 to 14 mg/dL) and the V,,,,, or the maxi-
mum velocity, to be 23.3 mg/dL (range of
22 to 24 mg/dL) (60,63). When the substrate
(ethanol) concentration is less than the
the rate of elimination is first order. However,
when the substrate concentration is much
greater than the K,, (i.e., the rate approaches
the or maximum velocity for the enzy-
matic reaction), the rate of elimination is con-
stant, regardless of concentration, and is re-
ferred to as zero-order kinetics.
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GLUCOSE
FATS . QLUCOtE'«*
OLYCOOEN« PHOSPHATE
NAD NAOH,
3} DIHYDflOXY
« ACETONE- »OLYCERALOEHYOE*

ETHANOL
ANAD
ANAOH,

ACETALDEHYDE
I"HAD
N NAOH,

ACETATE

ACETOACtTVL CoA

ACETOACETATE

By

AHYDROXY-
BUTYRATE

FIG. 4.2. Effect of ethanol ingestion on gluconeogenesis.

To apply these principles to acute ethanol
ingestion, refer to Fig. 4.3. Plasma concentra-
tions of ethanol that are commonly encoun-
tered with alcohol intoxication are at least 100
mg/dL, which is about 10 times greater than

Concentrate Ethanol (tng/dl)

FIG. 4.3. The rate of enzymatic activity for alco-
hol dehydrogenase using ethanol as the sub-
strate.

the K,,. Therefore, the rate of elimination, or
dissipation rate, for ethanol follows zero-order
kinetics and is constant at 100 mg/kg/hr. For
a man weighing ISO pounds, approximately 7
g of ethanol (approximately 10 mL of 100%
ethanol) will be eliminated every hour. In
terms of the BAC, the dissipation rate will
average about 18 mg/dL/hr (0.018% per hr)
and is referred to as the Widmark B factor in
Fig. 4.4. From this information, the approxi-
mate length of time required to eliminate
enough alcohol to be considered sober or out
of danger can be calculated. To achieve a
BAC of 100 mg/dL (0.1%), a ISO-pound indi-
vidual needs to ingest SS mL of absolute etha-
nol. In a practical setting, this requires the
ingestion of 120 mL or about 4 ounces of gin,
whiskey, or vodka, but the maximum quantity
that can be oxidized in the liver is 10 mU
hr. Consequently, it will take about 5 hr to
eliminate the amount of alcohol ingested [SS
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Time — -«

FIG. 4.4. Depiction of the pharmacokinetic pro-
file of ethanol. The average rate of elimination
of ethanolis 0.018% per hr, with a range 0f0.015
to 0.020% per hr.

mL of absolute (or 100%) 200-proof ethanol
or 120 mL of 50- to 60-proof (25 to 30%)
ethanol]. Therefore, there is some validity to
the suggestion that a safe “maintenance”
dose of ethanol would be 10 mL of absolute
ethanol per hr, which translates into one shot
of liquor (25 to 30 mL) per hour.

Estimation of Blood Alcohol
Concentration (BAC)

The Swedish scientist Widmark developed
a formula for estimating the amount of alcohol
needed to produce a given blood alcohol con-
centration. Conversely, the formula can be
used to estimate the BAC that will result from
ingestion of a stated quantity of alcohol in an
individual with a known body weight.

The Widmark formula is expressed as:

4 = WrCT
0.8
where:
A = ethanol (mL) ingested

W = body weight (g)
= distribution ratio of ethanol

CT = blood alcohol concentration (decimal
equivalent)
0.8 = specific gravity of ethanol

The Widmark 7 factor is based on the distri-
bution of alcohol in the blood to that of the
whole group, i.c..

_ % alcohol in body
% alcohol in blood

For men r = 0.68 and for women r = 0.55
because women usually have less body water
and a greater proportion of adipose tissue. To
predict the BAC of an individual, consider the
following example.

A man weighing 150 pounds who consumes
1 ounce (approximately 30 mL) of 100-proof
(50% ethanol v/v) whiskey or other distilled
spirit or one 12-ounce can of beer (5% ethanol
v/v) will obtain, after complete absorption, a
blood alcohol concentration of 0.025% (25
mg/dL), i.e.,

_ WrCT
0.8
4= 68,100 X 0.68 X 0.025%
0.8
11.58
0.8

A = approximately 15 mL, or 1/2 ounce
of pure ethanol, or 1 ounce of
50% ethanol

If we rearrange the equation, the BAC for
a stated volume ingested can easily be esti-
mated. For a man weighing more or less than
150 pounds or if the alcoholic content of the
beverage is different than 50%, the BAC
would be proportionately altered. In any case,
the estimated BAC can be calculated by the
following formula:

150 % EtOH
Body weight 50

X Number of ounces ingested X 0.025%
= Maximum BAC

In acute ethanol overdoses, the intoxicated
patient may present with a variety of signs
and symptoms.' In many cases the degree of
intoxication would correspond to the drinking
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history of the patient. However, consider the
situation where a 200-pound man presents to
the emergency department in a semicomatose
state with severe hypotension and decreased
respirations. Friends of the patient said he
passed out after drinking two 12-ounce beers.
Using the above equations, the BAG resulting
from complete absorption of two 12-ounce
beers (4% EtOH) in a 200-pound individual
would be approximately 0.04%. A BAG of
0.04% is not sufficient to produce such a pro-
found state of GNS depression. Therefore, ei-
ther the history is incorrect or the patient in-
gested other GNS depressant drugs in addition
to the alcohol. For a comprehensive study of
the toxicokinetics of alcohols, consult the ex-
cellent reference by Walgreen (61).

Gharacteristics of Acute Toxicity

Glinical manifestations of ethanol intoxica-
tion include a wide variety of signs and symp-
toms that range from ataxia to coma (see Table
4.1). Typically, the acutely intoxicated patient
is 20 to 30 years old and has ingested a large
volume of an alcoholic beverage. The patient
may have vomited previously and complained
of nausea. The patient may appear stuporous
or dazed with cold, clammy, and dry skin as
a result of dehydration; hypothermia may or
may not be obvious. The breath smells ofalco-
hol. Respirations may be decreased, and there
may be an increase in heart rate.

At concentrations less than 100 mg/dL, the
frontal lobe shows selective impairment. Sub-
jective effects include decreased inhibitions,
mild euphoria, increased confidence, altered
judgment, and decreased attention span. As
the blood alcohol concentration rises from 100
mg/dL (0.10%) to 200 mg/dL (0.20%), the
parietal lobe is affected. At these concentra-
tions, there is decreased motor skill and sen-
sory response, impairment of memory and
comprehension, loss of critical judgment,
emotional instability, slurred speech, tremor,
and ataxia. Blood alcohol concentrations
reaching 300 mg/dL (0.3%) affect the cerebel-
lum, as well as the occipital lobe of the cere-

bral hemisphere. Alcoholic coma usually oc-
curs when the BAG exceeds 300 mg/dL.
These areas of the brain respond to alcohol
by additionally causing altered equilibrium,
muscular incoordination, staggered gait, de-
creased pain perception, disorientation, men-
tal confusion, and dizziness. When the blood
alcohol concentration reaches the LDso value
(450 to 500 mg/dL; about 0.45% to 0.50%),
impaired consciousness is usually evident
with marked respiratory depression, periph-
eral vascular collapse, and coma. At this point
the medulla has been affected, and the out-
come may be fatal. Death results from respira-
tory failure.

In alcoholic ketoacidosis, lactate, pyruvate,
beta-hydroxybutyrate, acetone, and acetoace-
tate concentrations are increased, but not to
the same extent as seen in diabetic patients.
Glucose may be normal or slightly elevated.
Insulin levels are low. Growth hormone, cate-
cholamines, cortisol, glucagon, and free fatty
acids are elevated (41). Alcoholic ketoacidosis
must always be suspected in chronic alcohol-
ism, especially in an alcoholic who has not
been eating properly (56).

Management of Acute Toxicity

Severe, acute ethanol toxicity in nontolerant
patients generally responds well to good sup-
portive care. Particular attention needs to be
directed to protection of the airway from aspi-
ration and intubation of the patient if neces-
sary. Analeptics (stimulants) are not recom-
mended and, in fact, should be avoided. Blood
glucose should be monitored to determine if
hypoglycemia is present. Potassium and mag-
nesium deficiencies may need to be corrected.
In alcoholic ketoacidosis, the mainstay of
treatment is glucose and saline to correct the
ketosis and volume depletion (37,41). In the
alcoholic patient, nutritional deficiencies may
need to be corrected, using magnesium, thia-
mine, pyridoxine, and vitamins K and G. He-
modialysis may be indicated if symptoms are
severe and the patient’s BAG exceeds 450 mg/
dL (0.45%) or if there is significant decrease
in hepatic function.
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Usually, specific therapy is not required for
acute alcoholic intoxication. The patient is
treated symptomatically and monitored care-
fully until the ingested alcohol is metabolized.

METHANOL

Methanol (wood alcohol, methyl alcohol,
Columbian spirits, colonial spirit, wood naph-
tha) is the alcohol with the simplest structure.
Numerous studies over the years have investi-
gated its toxicity potential, as well as the most
beneficial means for treating acute toxicity.

Methanol is widely used in industry and
around the home as a general solvent, paint
thinner, antifreeze, fluid for desk “ spirit” du-
plicating machines, and source of heat for fon-
due burners (e.g., Stemo). Occasionally, at
concentrations up to 5%, methanol is used as
a dénaturant for ethanol that is not intended
for human consumption. It is called “wood”
alcohol because, formerly, its primary source
was from distillation of wood.

Most reports of methanol toxicity relate
to ingesting methanol itself or a methanol-
containing product, although poisonings have
been reported after absorption through the
skin and inhalation of air that contained as
little as 0.2%. Since yeast fermentation does
not produce even trace quantities of methanol,
pure “moonshine” liquor does not contain
methanol. Occasionally, reported cases of se-
vere intoxication from “shine” fail to men-
tion that the actual cause of poisoning was
methanol that was added to increase the quan-
tity of product to be sold.

Methanol poisoning continues to be a
worldwide (although regional) problem asso-
ciated with high mortality and morbidity.
Massive outbreaks of intoxication have been
reported, especially during wartime, ethanol
shortages, and prohibition (S3). Because new
uses for methanol, such as an alternate fuel
source, are currently being proposed, the prob-
lem will undoubtedly become more significant
in future years.

Accidental ingestions also occur because
methanol closely resembles ethanol in appear-

ance and odor, is readUy available, is tax-free
(thus cheaper), and, in general, is not consid-
ered by the public to be more dangerous than
ethanol (48). The lethal dose is reported to
range from 30 to 240 mL. A reasonable lethal
dose in a man is 1 g/kg (22,23).

Toxicokinetics of Ingestion
Absorption and Distribution

Methanol is absorbed from the gastrointes-
tinal tract very easily. Peak blood methanol
concentrations occur 30 to 90 minutes after
ingestion (S). Methanol, like ethanol, is dis-
tributed throughout the body in proportion to
the water rontent of various tissues. The vol-
ume of distribution {Vd) of methanol is 0.6
to 0.7 L/kg.

Metabolism and Elimination

Methanol is metabolized by the same he-
patic enzymes as ethanol, alcohol dehydroge-
nase and aldehyde dehydrogenase (Fig. 4.5).
It is oxidized to formaldehyde by alcohol de-
hydrogenase, which is rapidly converted to
formic acid by aldehyde dehydrogenase. For-
mic acid is further oxidized to carbon dioxide
by an enzymatic pathway dependent on folate
(35). The alcohol dehydrogenase and folate-
dependent oxidative pathways proceed at a
much slower rate than does aldehyde dehydro-
genase; therefore, formic acid accumulates in
tissues. In acute methanol toxicity, elimina-
tion follows zero-order kinetics (concentration
independent).

Although methanol and ethanol share the
same metabolic pathways, their affinity for al-
cohol dehydrogenase is different. Methanol is
metabolized at a much slower rate than etha-
nol (about "/;th the rate); therefore, when both
alcohols are present, ethanol will be metabo-
lized preferentially.

Metabolic conversion is not the sole means
for elimination. A significant amount may be
excreted unchanged through the lung and
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FIG. 4.5. Biochemical pathway for methanol metabolism.

kidney. However, metabolism is the major
reaction.

Mechanism of Toxicity

The major toxicologic concerns following
acute methanol exposure are severe metabolic
acidosis, visual disturbances, and permanent
blindness. Although these toxicologic conse-
quences were once thought to be caused by
the formation of formaldehyde and formic
acid (27-29), recent animal data reveal that
formaldehyde does not play a major role in
methanol toxicity. Rather, the rapid formation
and accumulation of formic acid has been
shown to be most responsible for producing
metabolic acidosis in the early stages and is
implicated as a factor in ocular toxicity as well
(22). Ocular damage is of special concern. In-
gestion of as little as 4 mL of methanol has
caused blindness. In fact, 6% of all blindness
in the U.S. armed forces during World War
I is reported to have been caused by methanol
consumption (18).

Lactate accumulates in the later stages of
methanol poisoning. Some explanations have
included formate inhibition of mitochondrial
respiration, tissue hypoxia, and altered lactate
metabolism due to an increased NADH/NAD
ratio (23). When methanol is oxidized to form-
aldehyde and formic acid, there is increased
conversion of NAD* to NADH. Excess
NADH favors reduction of pyruvate to lactate.
Thus, metabolic acidosis associated with
methanol poisoning is related to the formation
and accumulation of both formic acid and lac-
tic acid and to the decrease in serum bicarbon-
ate concentration (9). Consequently, there is
an increased anion gap (difference between
total cations and total anions). The normal
anion gap is 18 mEqA” (calculated as [Na* +

K*] - [a~ F HCOi*]). This value may be
two or more times above normal after metha-
nol intoxication.

Characteristics of Acute Toxicity

Characteristics of methanol intoxication are
qualitatively similar, regardless of the quantity
ingested. However, they vary widely from
person to person. Because of the slow rate of
metabolism of methanol to formic acid, the
onset of symptoms other than CNS depression
is often delayed 12 to 24 hours. Central ner-
vous effects may include euphoria, muscle
weakness, suppression of inhibitions, and, in
severe cases, coma and convulsions. Inebria-
tion per se is usually not a significant problem,
except when larger quantities are consumed
or ethanol has been concurrently ingested.

As should be expected, in cases of concomi-
tant ethanol and methanol ingestion, initial
symptoms of toxicity are predominantly those
of ethanol. In persons suspected of concurrent
consumption, an analytical method of analysis
for determining ethanol and methanol must be
performed as soon as possible. This should
be done even in the absence of immediate
symptoms, since, as stated above, the toxic
actions of methanol are frequently delayed.

After an asymptomatic latent interval, there
is abrupt onset of nausea with vomiting, dizzi-
ness, headache, delirium, intense gastrointesti-
nal pain, and perhaps diarrhea, back pain, and
cold and clammy extremities.

Ocular toxicity may include blurred vision,
decreased visual acuity, hyperemia of the op-
tic disc, retinal edema, fixed and dilated pupils
with absence of light reflex, and even blind-
ness. In severe methanol poisoning, respira-
tion and heart rate are depressed, and such
depression signals a grave prognosis.
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Laboratory findings that may be indicative
of methanol poisoning include alterations in
blood gases, metabolic acidosis with elevated
anionic gap, and increased serum osmolality
(high osmolal gap).

Management of Toxicity

In acute ingestion of a large quantity of
methanol, attention should be directed to evac-
uation of the stomach by emesis or lavage,
depending on the time lapse since ingestion.
A wide variety of treatment regimens for
methanol poisoning have been proposed over
the years. The major focus should involve cor-
recting the acidosis because it may be life-
threatening (22). Severity of ocular damage is
also somewhat dependent on the rapidity and
completeness of acidosis reversal. Therefore,
infusion of sodium bicarbonate should be
started immediately and maintained until uri-
nary pH is normal. Also, formate elimination
may be pH dependent, and aggressive treat-
ment of the acidosis may increase its elimina-
tion (24).

Ethanol is a specific antidote for methanol
toxicity. Since ethanol has a greater affinity
for alcohol dehydrogenase than does metha-
nol, it preferentially serves as the substrate
for this enzyme. Ethanol treatment should be
initiated orally or by intravenous injection as
soon as possible. A loading dose of 0.6 to 0.8
g/kg, followed by a maintenance dose of 12S
to 130 mg/kg/hr, is typically used so that the
blood ethanol level remains approximately
100 mg/dL (0.1%) (44). As stated earlier, me-
tabolism of alcohols proceeds independently
of blood concentration. Consequently, this
amount of ethanol is sufficient to slow the
rate of methanol metabolism to its more toxic
metabolites and thus reduce overall toxicity.
In addition, by decreasing the formation of
formic acid, the source of acidosis also will
be reduced.

Hemodialysis will effectively hasten metha-
nol elimination (16). Dialysis should be initi-
ated if the blood methanol concentration is
greater than 25 mg/dL and should be contin-

ued until blood methanol concentrations are
negative and acidosis is reversed. Since etha-
nol will be removed along with methanol, it
is imperative that the ethanol infusion rate be
adjusted throughout the dialysis period (44).
Peritoneal dialysis, hemoperfusion, or forced
diuresis have not been shown to be effective
in enhancing elimination of methanol.

Alternative therapeutic measures have been
suggested to overcome deficiencies of ethanol
therapy. Leucovorin calcium, a folate analog,
is reasoned to provide beneficial action be-
cause it enhances metabolism of formic acid
to carbon dioxide via folate-dependent en-
zyme systems (38). 4-Methylpyrazole (4-MP),
a potent inhibitor of alcohol dehydrogenase in
animals, has also been suggested for use in
humans (29,36). At this time, more clinical
studies are needed.

ISOPROPANOL

Isopropanol (isopropyl alcohol) is used as
a solvent and disinfectant. It is a constituent
of many perfumes, colognes, and personal
grooming products. Reports of ingestion have
been rare; most victims have a history of alco-
hol abuse (26). The fatal dose of isopropanol
is reported to be 4 to 8 ounces, although as
little as 20 mL may cause symptoms (17).

The toxicity as well as the disposition of
isopropanol remains controversial (42). Initial
CNS actions of isopropanol are similar to
those of ethanol intoxication but are reported
to be at least twice as severe (47). Its duration
of action is also longer than that of ethanol
because it is oxidized by alcohol dehydroge-
nase at a slower rate. Approximately 80% of
ingested isopropanol is converted to acetone,
which may be responsible for many of the
symptoms of isopropanol poisoning, including
CNS depression (30).

Isopropanol absorption from the stomach is
rapid and complete within IS to 30 min (42).
Intoxication can be observed within 30 to 60
min postingestion. The severely intoxicated
patient may exhibit respiratory depression,
grade 3 to 4 coma, severe hypotension, mild
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acidosis, acetonemia, and acetonuria. Also,
isopropanol will produce hypoglycemia and a
slight increase in serum osmolality and anion
gap. Ingestions of isopropanol may initially
appear solely as an ethanol ingestion, but the
hallmark of isopropanol intoxication is ace-
tonemia (30).

Treatment of acute isopropanol ingestions
should consist of gastric evacuation, mainte-
nance of blood pressure with fluids and
possibly pressor amines, correction of electro-
lyte imbalance and dehydration with glucose
and sodium bicarbonate, and hemodialysis
(13,49). Hemodialysis is indicated particularly
when isopropanol blood concentrations ex-
ceed 400 mg/dL, which is generally associated
with severe hypotension and coma (30).

ETHYLENE GLYCOL

Numerous glycols are used in many indus-
trial applications: as hydraulic fluids and heat
exchangers, in chemical syntheses, and as
components of cosmetics, inks, lacquers, and
various pharmaceuticals. Only ethylene glycol
is of current toxicologic interest. Its magnitude
of toxicity ranges between the extremely toxic
diethylene glycol and the relatively nontoxic
propylene glycol.

Diethylene glycol (Fig. 4.6) was the cause
of more than 100 deaths in 1937 when it
was inadvertently used as a solvent for sulfa-
nilamide in a pharmaceutical preparation
(14,52). After 2 to S days of consuming this
“elixir,” which contained 72% diethylene
glycol, patients complained of nausea with
vomiting, intense gastrointestinal cramping

H,C-OH H,C-OH H,C-OH
HG-OH H,C-OH H-C-H
CH, 9
H-C-H
H,-C-OH

(a) (b) (c)

FIG.4.6. Chemical structures for glycols shown
in order of increasing toxicity, a, propylene gly-
col; b, ethylene glycol; c, diethylene glycol.

and diarrhea, and back pain referred to the
kidney area. These symptoms soon led to pro-
gressive liver necrosis, renal tubular degenera-
tion, and death. Although today diethylene
glycol is not a significant cause of toxicity, it
is still used in several industrial processes and
must be handled with special precaution.

Ethylene glycol is most generally encoun-
tered around the home as “permanent” auto-
motive antifreeze. It is a colorless, nonvolatile
liquid having a sweet taste. Antifreeze prod-
ucts are usually artificially colored. Ethylene
glycol is a commonly ingested poison because
of its sweet taste and availability to inquisitive
children from carelessly stored containers of
antifreeze in the garage. Also, it is consumed
by adults for the purpose of inebriation which,
in its early stages, closely resembles the ef-
fects of ethanol. Ethylene glycol can produce
extremely serious symptoms, even death, with
toxic doses for adults reported at approxi-
mately 100 mL (22).

Mechanism of Toxicity

Ethylene glycol, like methanol and isopro-
panol, is converted to metabolites that are
more toxic than the parent compound. As with
ethanol, methanol, and isopropanol, the same
enzyme system, alcohol dehydrogenase, is in-
volved. Not all metabolites have been identi-
fied, but Fig. 4.7 illustrates possible intermedi-
ates. These toxic intermediates are responsible
for producing tissue destruction and severe
metabolic acidosis.

Aldehyde production forms the first group
of metabolites and has been shown to inhibit
oxidative phosphorylation, cell respiration,
glucose metabolism, and protein and nucleic
acid synthesis (43,59). Also, the prominent
cerebral symptoms that occur during the first
stage correspond to aldehyde production,
which has been shown to decrease central se-
rotonin metabolism and alter central amine
levels (3,43). Tissue damage results from de-
position of calcium oxalate crystals. Acidosis
results from accumulation of lactic acid (due
to the increased alcohol dehydrogenase activ-
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Ethylene Glycol (Direct CNS depressant activity)
Glycoaldehyde
Glycolic Acid (Acidosis)

Qlyoxyfc Acid (Acidosis)

[\

Formic Acid Oxalic Acid (Acidosis)
(Acidosis)
Oxalate Crystals
Ca*«
(Renal Damage)

FIG. 4.7. Biochemical pathway for ethylene gly-
col metatxilism.

ity and NADH/NAD ratio), glycolic acid, gly-
oxylic acid, formic acid, and oxalic acid
(22,43,59).

Characteristics of Toxicity

Characteristics of ethylene glycol toxicity
are outlined in Table 4.2. Signs and symptoms

of toxicity result from direct toxic actions of
ethylene glycol or its metabolites on the CNS,
cardiorespiratory, and renal systems.

Initial CNS depression may be as severe
as with ethanol and may persist for 12 or
more hours. The patient may appear to be
inebriated but lacks the characteristic odor
of ethanol on the breath (33,57). Other CNS
effects include muscle paralysis, decreased
tendon reflexes, convulsions, and tetany due
to hypocalcemia. These are usually accompa-
nied by nausea and vomiting, ataxia, stupor,
and, depending on the amount ingested, coma
and death. If death occurs during the early
phase of poisoning, it is due to respiratory
and/or cardiac failure.

If the patient survives the initial effects, pul-
monary edema (enhanced by CNS depres-
sion), congestive heart failure, tachycardia,
and renal failure may develop as a result of
calcium oxalate deposition. The kidney is es-
pecially susceptible to deposition of calcium
oxalate crystals in the renal tubules, producing
tubular epithelial necrosis with fat inclusion
(21). Glomeruli develop thickened basement
membranes and granule deposits.

Other distinguishing characteristics of eth-
ylene glycol toxicity include a large anion gap
acidosis with Kussmaul respirations, an os-
molal gap, hypocalcemia, and the presence of
calcium oxalate crystals in the urine.

TABLE 4.2. Characteristics of ethylene glycol tojddty

Symptoms

Patient appears “drunk” without odor of ethanol on breath

Nausea, vomiting
Metaboiic acidosis

Muscle paralysis
Decreased tendon reflexes
Convulsions and coma

Tcwhycardia; mild hypertension

Tachypnea

0 >ngestive heart failure
Pulmonary edema
Renal failure

Time
Phase (postingestion)
Stage 1 30 min-12 hr
Stage 2 12-24 hr
Stage 3 24-72 hr

Flank pain

.Costovertebral angle tenderness
Acute tubular necrosis

From refe. 6, 58, and 59.
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Management of Toxicity

The principal goal in management of ethyl-
ene glycol poisoning is to correct acidosis
with sodium bicarbonate, enhance elimination
using hemodialysis, and inhibit metabolism by
providing ethanol as a competitive substrate
for alcohol dehydrogenase (45). Ethanol in-
hibits ethylene glycol metabolism, thus reduc-
ing its toxicity potential after ingestion
(17,22,57). Ethanol should be given within 8
hr of ethylene glycol ingestion and continued
for at least 5 days. The dosing is the same as
described previously for treatment of metha-
nol toxicity.

Calcium salts are recommended to replace
calcium, which is lost from the blood through
combining with oxalate. Generally, hemodial-
ysis is reserved for patients who have renal
failure. Short-term dialysis has been shown to
be effective in children before the onset of
renal failure in acute ethylene glycol poison-
ing (50).

Recently, 4-MP, the alcohol dehydrogenase
inhibitor mentioned earlier, has been used in
treatment of ethylene glycol poisoning. It was
successful when administered early, before
coma, seizures, or renal failure (4,8,29).

PROPYLENE GLYCOL

Propylene glycol is generally reported to
have a low order of systemic toxicity and, in
fact, is widely used as a solvent for pharma-
ceutical products and cosmetics and in foods.
However, the literature suggests that propyl-
ene glycol may be toxic if it is used inappro-
priately (2,34). In a few susceptible children,
ingesting a propylene glycol-based product for
long periods has caused seizures, tachypnea,
diaphoresis, and unconsciousness. Such re-
ports are rare.

FORMALDEHYDE

Recently, there has been renewed interest in
accidental poisoning caused by formaldehyde
(3). Most of this interest has centered on the

release of formaldehyde into the air from
insulation composed of urea formaldehyde
(10,20). Formaldehyde may also cause contact
urticaria in susceptible individuals, and it is a
suspected carcinogen and mutagen (31,40).
Formaldehyde is a colorless, flammable gas
with a strongly characteristic, pungent odor.
It is marketed as formalin, an aqueous solution
that is 37% to 50% formaldehyde by weight,
with 10% to 50% methanol added to prevent
spontaneous polymerization (3). Formalin is a
disinfectant, antiseptic, and embalming fluid.
Because it is highly reactive chemically, it is
widely used in a variety of products, such as
paints, adhesives, dyes, fuels, paper, and other
chemicals. It can be a contaminant of air, orig-
inating from numerous sources including in-
cinerators and engine exhausts. Atmospheric
levels of 0.06 ppm have been reported near
industrial sites or in areas of thick fog (40).
Cigarette smoke contains high levels. Air con-
centration in some older mobile homes and
other dwellings where urea formaldehyde
foam insulation has been used may approach
1.9 ppm. The current NIOSH standard for
formaldehyde in the occupational environ-
ment is 1 ppm for any 30-min sampling period
(39). An individual who breathes contami-
nated air over many hours each day in en-
closed quarters, such as in a mobile home,
may be exposed to nearly twice the safe limit.

Mechanism of Toxicity

When formaldehyde is ingested in toxic
amounts (60 to 90 mL is reported to be fatal),
it produces a variety of effects. It quickly sup-
presses all cellular activity, leading to cell
death. Tissue destruction (coagulative necro-
sis) is similar to that produced by mineral
acids. Formaldehyde is oxidized to formic
acid, and this accumulates quickly. Within mi-
nutes after ingestion, the victim may exhibit
metabolic acidosis. All necrotic damage to
gastrointestinal cells and other sites is second-
ary in importance to acidosis, which must be
treated immediately.
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Characteristics of Toxicity

Inhaled formaldehyde induces direct irritant
action on the eyes and respiratory tract. Pa-
tients typically complain of tearing, rhinitis,
itchy eyes, coughing, and dyspnea. Central
nervous system effects include malaise, head-
ache, insomnia, and anorexia. It has been sug-
gested that inhalation of formaldehyde from
urea formaldehyde foam insulation may be re-
sponsible for a significant number of cases of
upper respiratory irritation.

Ingestion of formaldehyde causes immedi-
ate and intense GI tract irritation with severe
abdominal cramping. This is quickly followed
by metabolic acidosis, cardiovascular col-
lapse, unconsciousness (due to CNS depres-
sion), and anuria (due to renal failure). Death
usually occurs from circulatory collapse.

Management of Toxicity

Treatment is aimed at maintaining blood
pressure and correcting the acid-base imbal-
ance. Sympathomimetic amines may be nec-
essary to achieve the former, and sodium bi-
carbonate is used for the acidosis. Since
formaldehyde produces a corrosive action, di-
lution of gastric contents is the first-line treat-
ment. Dialysis is effective in removing formic
acid from the blood, and this removal will
significantly aid treatment of acidosis.

ACETALDEHYDE

Acetaldehyde (ethanal, acetic aldehyde) is
a colorless liquid or gas with a strongly pene-
trating, fruity odor. It is used in manufacturing
dyes, plastics, flavors and perfumes, vinegar,
and numerous other products.

Like formaldehyde, acetaldehyde is highly
reactive. It is extremely irritating to all cells
and can quickly inhibit cellular activity. Com-
mon routes of accidental exposure include in-
halation of vapors and ingestion of solutions,
although poisoning by the latter is rare.

One other source of acetaldehyde that may
produce clinical symptoms is encountered by

an individual taking disulfiram (Antabuse)
who ingests ethanol. Typically, this person is
a recovering alcoholic using disulfiram as a
deterrent to drinking. Disulfiram inhibits alde-
hyde dehydrogenase. When ethanol is con-
sumed, its metabolism is slowed at this step,
and blood acetaldehyde concentrations may
increase 10-fold (47). This, then, causes signs
and symptoms reported by the individual as
“unpleasant”—those that the person attempts
to avoid by not consuming alcohol. Collec-
tively, they are termed the acetaldehyde syn-
drome and include a hot and flushed feel-
ing, throbbing pain in the head and neck,
nausea and vomiting, dizziness, confusion,
and hypotension.

Acetaldehyde intoxication by ingestion pro-
duces symptoms of narcosis. These are fol-
lowed shortly by CNS depression, pulmonary
edema, and albuminuria. Inhaled, it causes se-
vere irritation of the eyes and respiratory sys-
tem (7).

Treatment is symptomatic. There is no spe-
cific antidote.

ACETONE

Acetone (dimethylketone, propanone) is in-
cluded in this chapter because of its relation-
ship to isopropanol. Isopropanol is metabo-
lized to acetone, and many symptoms of
isopropanol toxicity are due to the metabolite.

Intoxication by acetone per se is a potential
health hazard in industrial settings, where it
is employed as a solvent. Most industrial poi-
sonings occur by inhalation, with irritation of
the eyes, nose, and throat produced at expo-
sures of 500 to 1,000 ppm (11). The threshold
limit value for acetone in an industrial setting
for workers exposed 8 hr/day is 1,000 ppm
(64). Higher concentrations cause CNS de-
pression. Occasionally a case is reported
where toxicity occurred after intentional in-
halation of acetone vapors for recreational
purposes.

In the home, acetone poisoning occurs in-
frequently. Acetone forms the basis for many
commercial fingernail polish removers. Some
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products marketed for this use may also con-
tain mineral seal oil, a hydrocarbon that is
toxic in its own right (see chapter 7). The
product’s label should be carefully checked
for contents in the event that the liquid is in-
gested. Acetone may be readily recognized on
the breath by its characteristic fruity odor.

Ingestion of small quantities ranging from
10 to 20 mL does not normally produce symp-
toms. However, ingestion of 2(X) to 4X) mL
resulted in severe coma in adults, whereas in
children 2 to 3 mL/kg is considered to be toxic
(51,64).

Acetone is absorbed through the skin, but
the quantity that reaches the blood from nail
polish removers does not pose a threat. Ace-
tone imparts an intense drying effect on the
skin as it dissolves dermal lipids. Unless this
occurs over a large area, it is not serious.

Symptoms following acute acetone inges-
tion include nausea, vomiting, gastric hemor-
rhage, sedation, respiratory depression, ataxia,
and paresthesia. Depression resembles alco-
holic stupor, but its onset is quicker than that
with ethanol. Coughing and bronchial irrita-
tion may be the only clues to ingestion of
quantities that are too small to produce seda-
tion. Hyperglycemia and ketonemia with aci-
dosis that resembles acute diabetic coma may
be present. Treatment of acute acetone inges-
tion or inhalation of quantities sufficient to
produce toxicity is symptomatic. Unless the
patient is comatose, emesis or gastric lavage
should be performed, followed by use of acti-
vated charcoal and catharsis. Diazepam will

control seizures. Acidosis can be managed
with sodium bicarbonate. The half-life of ace-
tone in plasma is approximately 28 hr. Im-
provement in consciousness and other symp-
toms can, therefore, be expected to be a slow
process (46).

SUMMARY

Numerous products around the home and
workplace contain an alcohol or substance that
reacts pharmacologically and toxicologically
like alcohols. Aldehydes, glycols, and ketones
are not as common as alcohol as causes of
poisoning, but poisoning with these does oc-
cur. Immediate treatment with supportive
therapy and more specific antidotes when ap-
propriate are required for all alcohol/glycol/
aldehyde/acetone intoxications.

Differential characteristics of alcohols and
ethylene glycol are presented in Table 4.3.

Case Studies

CASE STUDY: ETHANOL
INTOXICATION

History

A 23-year-old woman, weighing 4S.8 kg,
was involved in a hit-and-run automobile acci-
dent. She was arrested for suspicion of
drunken driving. While in jail she became

TABLE 4.3. Differential characteristics of alcohols and ethylene glycol

Ethylene
Characteristic Methanol Ethanoi Isopropanol glycol
Toxic metabolites Formaldehyde Acetaldehyde Acetone Glycoaldehyde
Formic acid Acetic acid Oxalate
Acidosis Severe Miid to moderate Mild Severe
Ketosis Miid to none Mild to moderate Severe None
Anion gap (>18 +++ ++ + ++ +
mEq/L)
Increased serum Yes Yes Yes Yes
osmolality
CNS* depression + +++ +*f +
Lethai dose 1-2 miTkg 3-6 ml7kg 1-4 mL/kg 1-2 mL/kg

‘ CNS, central nervous system.
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faint and passed out. After recovery, she re-
lated the following account of her activities.

On an empty stomach, the woman had con-
sumed an entire fifth (26 ounces) of 100-proof
bourbon over a 2-hr span. The accident oc-
curred a few moments after she left the bar.
She also later admitted that she had had a
history of alcohol usage since she was 13
years old and had been discharged from an
alcoholic rehabilitation center a week before
this incident.

On arrival at an emergency facility, the pa-
tient was in stage 1 coma. Laboratory values
were normal for pH, electrolytes, and glucose.
Her blood alcohol concentration was 780 mg/
dL; a toxicologic screen was negative for
other drugs. Gastric lavage was performed,
followed by administration of activated char-
coal. Within 2 hr, her BAC was lowered to
730 mg/dL, and she began to respond to verbal
commands. Three hours after activated char-
coal administration, BAC was 420 mg/dL; at
11 hr, she was discharged with a BAC of 190
mg/dL. (See ref. 19.)

Discussion

1. Calculate the maximum BAC this individ-
ual should have attained after complete ab-
sorption of all she ingested. Does your
value correspond to the BAC determined
on admission to the ED? If it does not,
suggest why the discrepancy exists.

2. How effective is forced diuresis in enhanc-
ing the elimination of ethanol?

3. Considering the ethanol blood concentra-
tions, would hemodialysis have been useful
in reducing the blood ethanol concentra-
tion? Did there seem to be an apparent need
for dialysis?

4. Plot the blood ethanol concentrations
(BAC) versus time. Coirunent on the rate
of dissipation. Does it follow zero-order
kinetics or hrst-order kinetics? Calculate
the theoretical amount that should have dis-
sipated over 11 hr, and relate this to the
patient’s BAC at 11 hr after admission.

CASE STUDY: INTOXICATION
WITH MOUTHWASH

History

A 33-month-old, otherwise healthy girl was
found by her parents in a stuporous condition.
Beside her was a partially filled bottle of
mouthwash. A paramedic team began intrave-
nous therapy and then transported her to the
emergency room.

On admission, the victim was comatose and
nonresponsive to all stimuli except deep pain.
Her pulse rate was 123 beats/min; respirations,
28/min; blood pressure, 88/50 mm Hg; and
temperature, 35.4°C.

Laboratory data showed a blood alcohol
concentration of 306 mg/dL (approximately
3.5 hr postingestion). Blood electrolyte mea-
surement showed an anion gap of 28. It was
estimated that the girl had ingested 11 ounces
of 18.5% (v/v) ethanol (48.2 g absolute
alcohol).

Treatment consisted of nasogastric lavage
and intravenous fluids supplemented with bi-
carbonate. By 8 hr postingestion, blood alco-
hol concentration was reduced to 128 mg/dL.
Eighteen hours after admission, all blood val-
ues had returned to normal, symptoms had
disappeared, and the patient was discharged
several hours later.

The ingestion of alcohol-containing prod-
ucts by children younger than 6 years of age
is one of the most commonly reported poison
exposures in the United States. The agents
most conunonly associated with ethanol in-
gestion in this group are perfumes, colognes.

TABLE 4.4. Ethanol concentrations ofleading

mouthwashes
Approximale
EtharK)! lethal dose
Mouthwash (% viv) (oz/12-kg child)
Cepacol 14.0 10.9
Usterine 26.9 5.7
Listermint 14.2 10.7
Scope 18.5 8.2
Signal 14.5 10.5
From ref. 62.
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and aftershaves. The ingestion of mouthwash
is also commonplace, probably because of its
pleasing taste and odor. During an 18-month
period, 422 cases in children under age 6 were
reported by poison control centers. Ethanol
content and the approximate lethal dose for
five leading brands of mouthwash are listed
in Table 4.4. (See ref. 62.)

Discussion

1. Assuming the child weighed 35 pounds and
based on the history given, calculate the
alcohol dissipation rate for this child. Is
the calculated rate greater or less than the
reported average dissipation rate? Why?

2. Does the clinical presentation of this child
correlate well with the reported BAC?

CASE STUDY: POISONING
BY WINE IN A CHILD

History

A previously healthy, 13-kg, 30-month-old
boy was discovered unresponsive on the floor
by his mother. The boy's 4-year-old brother
told his mother that the younger brother had
drank through a straw from a container that
held Wild Irish Rose Wine (20% ethanol). Up
to 16 ounces of the wine were believed to
be missing. Paramedics were summoned and
transported the child to the hospital.

Upon arrival at the ED, the child was coma-
tose and unresponsive to deep pain but breath-
ing spontaneously. Vital signs included tem-
perature, 36.5°C rectally; blood pressure, 93/
61 mm Hg; pulse, 88 beats/min; respirations,
shallow, 24/min. Pupillary reflexes were slug-
gish. Deep tendon reflexes and gag reflex were
intact. The rest of his physical examination
was unremarkable.

A drug screen was negative except for etha-
nol which was determined to be 98.78 mmol/
L (455 mg/dL, 0.46%). Treatment consisted
of oxygen, 40% by face mask, and administra-
tion of S% dextrose and normal saline.

Approximately 10 min after admission, the
boy vomited spontaneously a large amount of
rose-colored fluid smelling of ethanol. A na-
sogastric catheter was inserted and 200 mL
fluid was aspirated. Gastric lavage with nor-
mal saline was continued until the returns
were clear.

The patient remained unconscious and un-
responsive to pain for slightly longer than 3
hr. By approximately 7 hr after admission, he
was fully alert, behaving normally, and re-
sponding appropriately. He was discharged
from the hospital 28 hr after admission.

An interesting observation about this case
is shown by Fig. 4.8, which plots the semilog-
arithmic decline in blood ethanol concentra-
tion with time. The child appears to have me-
tabolized ethanol by first-order elimination
kinetics. (See ref. 32.)

Discussion

1. Comment on the extent of toxicity in this
child based on his BAC of 455 mg/dL. Is
this value higher or lower than expected?
Were his symptoms characteristic of his
BAC?

2. Calculate the actual amount of wine this
child ingested.

3. Why is the discussion of elimination of
ethanol in this patient of interest? (Hint:
Over a 28-hr period, with BAC values as
high as they were, what would have been

FIG.4.8. Semilogarithmic decline in blood etha-
nol concentration with time. (From ref. 32.)
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expected?) Can you explain the rate of
elimination kinetics in this child?

CASE STUDIES: METHANOL
INTOXICATION

History: Case 1

A well-nourished, otherwise healthy, fe-
male pathology resident complained of a
“whiteness” in her vision, similar to “step-
ping out into a snow held.” The previous eve-
ning she had consumed 2 to 3 ounces of 86-
proof vodka and two glassfuls of wine. There
had been nothing unusual about her activities
the previous evening. She was admitted to the
emergency room with irregular, rapid respira-
tions (30/min): blood pressure, 170/105 mm
Hg (previous history of labile hypertension);
and pulse, 110 beats/min. Laboratory values
are listed in Table 4.S.

Treatment consisted of ethanol, sodium bi-
carbonate, and hemodialysis for 6 hr. The pa-
tient did not complain of further disturbances
during dialysis. Blood methanol levels were
negative at the end of the dialysis procedure.
Ophthalmologic examination revealed only
slight pallor of the optic disc; otherwise, re-
covery was complete. (See ref. 5.)

History: Case 2

Seven days before admission to the hospi-
tal, this 8-month-old boy developed a cough

TABLE 4.5. Laljoratory findings

Na* ==135 mEq/L
K» = 4.7 mEg/L
cr = 107 mEq/L
HCOJ = 6 mEq/L
Serum osmolality = 325 mOsm/kg water
Blood methanol = 140 mg/dL
pH = 7.21
POO0O2 = 11 mm Hg
pOj = 123 mm Hg
BUN* = 12 mg/dL
Creatinine = 1 mi*'dL

*BUN, blood urea nitrogen.

accompanied by a low-grade fever. His par-
ents treated the fever with aspirin.

The day before admission, the boy’s respi-
rations became progressively rapid and shal-
low. That afternoon the child seemed unusu-
ally drowsy and slept through his evening
meal.

On the day of admission, the parents could
not awaken the child, and he appeared to be
severely dyspneic. On admission, he was in
stage 3 coma. Pupils were dilated and unre-
sponsive to light; he had slight papillary
edema. Vital signs included blood pressure,
90/60 mm Hg; pulse, 132 beats/min; respira-
tions, 2S/min; and temperature, 37.8°C. Arte-
rial pH was 6.50. Treatment consisted of anti-
biotics and sodium bicarbonate.

A toxicologic screen performed at the time
of admission was negative. Due to the intense
metabolic acidosis, another blood sample was
taken for analysis. Methanol was confirmed,
at a concentration of 40 mg/dL.

Specific treatment was started at once: etha-
nol, 0.33 g/kg intravenously initially, followed
by 0.25 g/kg every 4 hr. Peritoneal dialysis
was performed with dialyzing fluid containing
sodium bicarbonate. In spite of treatment, the
child’s condition deteriorated rapidly. He ex-
perienced periods of hypothermia and epi-
sodes of bradycardia. Later that day, arterial
blood pressure fell and the child died. A liver
biopsy at the time of death revealed diffuse
fatty degeneration. A lumbar puncture showed
frank hemorrhage. A bacterial culture was
negative.

Afterward, the parents were questioned
about the child’s exposure to methanol. They
described an old family tradition used to “ take
off the cold” that consisted of applying warm
compresses to the chest, which had been pre-
viously rubbed with olive oil. Compresses
were soaked with alcohol and set on fire, then
rapidly extinguished with a plate. The mother
had had no alcohol on hand and unknowingly
had purchased methanol, which she used to
soak the compresses. Methanol-soaked pads
had been applied to the child’s chest through-
out the night (approximately 12 hr) during the
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two nights before admission (total exposure,
24 hr). (See ref. 25.)

Discussion

1. What was the most likely source of metha-
nol exposure in case 1?

2. Did this patient present in acidosis with a
normal or elevated anion gap?

3. What is the significance in measuring the
osmolality of serum? Can it be used to dif-
ferentiate various alcohols from one an-
other?

4. Why was gastric lavage not performed?

5. Give an explanation for the delayed onset
of symptoms (i.e., visual disturbances) of
methanol intoxication.

6. What is the most likely reason why the
child in case 2 received peritoneal dialysis
rather than hemodialysis?

7. Discuss a possible contributing role of as-
pirin in the child’s death in case 2.

8. Was the child in case 2 poisoned by inhala-
tion or percutaneous absorption of metha-
nol?

CASE STUDIES: ETHYLENE
GLYCOL POISONING

History: Case 1

A 5l-year-old man was admitted to the
emergency room 2.5 hr after ingesting 600 mL
of an antifreeze solution containing 95% ethyl-
ene glycol. He was ataxic, dysarthric, and
lethargic. Laboratory values are listed in
Table 4.6.

Initial treatment consisted of gastric lavage
and activated charcoal followed by sodium bi-
carbonate and ethanol infusion intravenously
(5% ethanol, 0.98 g/kg). After 2 hr of treatment,
the blood concentration of ethylene glycol de-
creased to 325 mg/dL. Hemodialysis was per-
formed, and ethylene glycol concentrations de-
creased to 60 mg/dL after 6 hr of dialysis and
were reduced to an undetectable quantity 80 hr
after ingestion. Throughout the dialysis, etha-

nol concentrations were maintained between
100 and 140 mg/dL by hourly nasogastric
doses of 20% ethanol. (See ref. 15.)

History: Case 2

This case involved an 18-year-old man who
presented to the emergency department with
symptoms of hysteria and hyperventilation.
The patient gave a history that was essentially
uneventful, and there was no indication of
drug abuse. Laboratory tests for salicylates,
methanol, and ethanol were negative, and uri-
nalysis showed a large number of unidentifi-
able crystals.

Based upon the laboratory findings listed in
Table 4.7, the patient was treated for acidosis.
When bicarbonate therapy was unsuccessful,
dialysis was initiated. Despite dialysis, the pa-
tient died less than 16 hr after he was admitted.
(See ref. 15.)

History: Case 3

A 33-year-old woman with suicidal tenden-
cies ingested 2 L of ethylene glycol. Upon
admittance to the emergency room, she
showed signs of mild intoxication. Laboratory
values are presented in Table 4.4.

Gastric lavage recovered approximately 1
L of ethylene glycol. She was then given acti-
vated charcoal, castor oil, and an infusion of
ethanol (absolute) at an initial volume of 600
mL, followed by 10 mL/hr for 25 hr. Serum
ethylene glycol concentration dropped from
560 mg/dL to less than 100 mg/dL during the
dialysis period. The patient recovered com-
pletely. (See ref. 55.)

Discussion

1. Compare case 3 to cases 1 and 2. The
amount ingested in case 3 was greater than
in the other two; why was there not a sig-
nificant metabolic acidosi.s or elevated
anion gap?

2. What are some probable reasons why the
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TABLE 4.6. Laboratory fiiKMngs

Measurement Case 1 Case 2 Case 3
Quantity of ethylene glycol ingested 600 mL Unknown 2L
Arterial pH 7.18 7.03 7.31
pCO; (mm Hg) 14 13 39
pOj (mm Hg) 91 92 90
Anion gap (mEq/L)* 46 28.7 Normal
Osmolality (mOsnri/kg) 422 331 383
Calculated osmolality (mOsm/kg)* 312 291
Serum elhyterte glycol (mg/dL)* 650 98 560

S«e the appendix for a table of normal laboratory values.

*Anion gap = (N* + K*) - (HCOJ + O")
Glucose
*Oam = 2 (Na") + ~ + 18

‘ Toxic concentration = 150 mg/dL.

patient in case 2 died, even though blood
ethylene glycol concentration, when admit-
ted to the emergency room, was less than
that of the other two cases?

If patient 3 actually ingested 2 L, as re-
ported, but half was still recovered, give
the most probable explanation for why she
survived.

Comment on the effectiveness of hemodi-
alysis in each of the cases provided.

CASE STUDY: FORMALDEHYDE
POISONING

History

A 41-year-old woman ingested 120 mL of
a formaldehyde solution containing 37% (w/

TABLE 4.7. Laboratory findmgs

Blood
Formaldehyde = 0.48 mg/dL
Methanol » 42.5 mg/dL
Formic acid = 42 mg/dL
pH = 6.87
HCOi = 10 mEq/L
cr = 60 mEq/L
Na* = 92 mEq/L
K* = 51 mEq/L
Serum creatinine = 2.9 mg/dL
BUN 12.0 mg/L
PCO2 = 35 mm Hg
POj = 54 mm Hg
Liver enzymes
LDH* = 1,830 units/dL
SCOT* = 1,520 units/dL

* |OH, lactate dehydrogenase.
*80O0T, serum gluUunic-oxaloacetic transaminase.

v) formaldehyde and 12.5% (v/v) methanol.
No formic acid was present in the solution.
On admission to a hospital, the patient was
cyanotic, apneic, and hypotensive.

Gastric lavage revealed a noticeable odor
of formaldehyde. Fluid replacement included
lactated Ringer’s solution and S% dextrose in
water. Control of acidosis was attempted with
sodium bicarbonate, 132 mEqg/L. Her blood
pressure was maintained with dopamine hy-
drochloride. Despite efforts to maintain her
acid-base balance and blood pressure, the pa-
tient died 24 hr after admission. (See ref. 12.)

Discussion

. If the patient ingested 120 mL of a formal-
dehyde solution containing methanol, why
is the initial blood concentration for form-
aldehyde so low? What was the source of
the high formic acid concentration?
Which laboratory values demonstrate that
the patient presented with metabolic acido-
sis? Is the anion gap normal or elevated?
What was the probable cause of death (i.c.,
what did these poisons contain)?

Would hemodialysis have been of benefit?
Was ethanol treatment indicated?

Review Questions

1. Which of the following is a product of
isopropanol metabolism?
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A. Acetic acid

B. Formaldehyde

C. Ethanol

D. Acetone

. A victim of poisoning by Columbian spir-
its should receive treatment for which of
the following substances?

A. Ethanol

B. Methanol

C. Ethylene glycol

D. Isopropanol

. Which of the following symptoms ap-
pears at a blood ethanol concentration of
0.05%?

A. Visual impairment

B. Altered equilibrium

C. Stupor

D. Coma

. The hallmark of isopropanol intoxication
is:

A. Severe metabolic acidosis

B. Acetonemia

C. Anemia

D. CNS stimulation

. Which of the following alcohols is the
most conunonly reported cause of poison-
ing in the general population?

A. Ethanol

B. Methanol

C. Isopropanol

D. Butanol

. Oxalic acid is a metabolite of which of
the following poisons?

A. Methanol

B. Ethylene glycol

C. Acetaldehyde

D. Isopropanol

. The CNS symptoms associated with eth-
ylene glycol toxicity may be attributed to
accumulation of which of the following?
A. Formic acid

B. Calcium oxalate

C. Glycoaldehyde

D. NAD

. A patient presenting with severe ketoaci-
dosis with a high anion gap, hypoglyce-
mia, and significant CNS impairment at
blood levels >250 mg/dL would likely
have ingested;

10.

11

12.

13.

14.

15.

16.

A. Methanol

B. Ethyl alcohol

C. Ethylene glycol

D. Formaldehyde

4-Methylpyrazole has been used in the

treatment of methanol and ethylene glycol

poisonings. The beneficial actions are due
to inhibition of;

A. Alcohol dehydrogenase

B. Aldehyde dehydrogenase

C. Aldehyde transaminase

D. Nicotinamide adenine dinucleotide

An ethylene glycol ingestion would be

characterized by all of the following ex-

cept:

A. Anion gap metabolic acidosis

B. Oxalate crystals in the urine

C. Acute tubular necrosis

D. Hepatic failure

Which of the following is related to etha-

nol metabolism?

A. Disuliiram (Antabuse) increases the
rate of ethanol metabolism.

B. 4-Methylpyrazole increases the rate of
ethanol metabolism.

C. Diazepam inhibits the rate of ethanol
metabolism.

D. Alcohol dehydrogenase is the rate-
limiting enzyme in ethanol metabo-
lism.

Analeptic therapy is an important compo-

nent of the treatment of ethanol intoxica-

tion.

A. True

B. False

In general, increasing the number of car-

bon atoms on a series of alcohols de-

creases the toxicity of the substance.

A. True

B. False

Pure "moonshine" liquor is a rich source

of methanol.

A. True

B. False

Methanol is metabolized by the same en-

zymes that metabolize ethanol.

A. True

B. False

Which of the following is a symptom of
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methanol toxicity: general CNS stimula-
tion (I), metabolic alkalosis (II), or
blurred vision (III)?
A. 1I only
B. Ill only
C. I and II only
D. II and III only
E. I II, and III
17. Which of the following electrolyte abnor-
malities occurs often with an ethylene
glycol poisoning?
Hypokalemia
Hypocalcemia
Hyperchloremia
Hyperphosphatemia
. Hypercalcemia
18. Wthh of the following is a toxic metabo-
lite of methanol metabolism: acetic acid
(I), oxalic acid (II), or formaldehyde (II1)?
A. 1I only
B. IlI only
C. land II only
D. II and III only
E. I, II, and III
19. An ethylene glycol ingestion would be
characterized by all of the following ex-
cept:
A. Anion gap acidosis
B. Acute tubular necrosis
C. Hepatic failure
D. Oxalate crystals in the urine
20. The antidote for acute methanol intoxica-
tion is:
A. Atropine
B. BAL
C. Ethanol
D. Ethylene glycol
The next two questions refer to the following
case history:

A 6-year-old boy attempting to mimic his
father’s nightly habit of drinking two martinis
before bedtime mixes 3 ounces of rubbing al-
cohol (70% isopropyl alcohol) with some 7-
Up and drinks the “cocktail” at about 7 p.m.
The child awakens around midnight complain-
ing of a burning stomachache, a bad headache,
and dizziness. He vomits twice within a half-
hour and Anally admits to his mother what he
had done earlier that evening.

mE oWy

21. All of the following are additional signs
that might be expected to be observed in
this case except:
A. Hypotension
B. Acetonemia
C. Acidosis
D. CNS depression
E. Optic nerve degeneration
22. A toxicologic analysis of the child’s blood
would likely reveal significant blood con-
centrations of:
/i-Propanol
Acetaldehyde
Acetone
Oxalic acid
. More than one of the above
23. Ethanol administration is often an im-
portant component of the acute treatment
of methanol-intoxicated patients because:
A. Ethanol will enhance the oxidative de-
toxification of methanol

B. Ethanol will diminish the formation
of toxic metabolites of methanol

C. Ethanol will inhibit metabolism of
methanol by alcohol dehydrogenase

D. All of the above

E. Only two of the above

24. Ingestion of a mouthful of a “glycol”
would most likely impart which of the
following tastes?

Sweet

Sour

Salty

Bitter

. Bland

25. Clte the reasons why ethanol is an anti-
dote for methanol and ethylene glycol
poisoning. What blood concentration of
ethanol is recommended? How is it ad-
ministered?

26. Discuss the relevance of using the anion
gap value in assessing the probable cause
of poisoning.

27. Discuss the information that the Widmark
equation provides. Why is the formula
different for men and women?

28. Describe the treatment protocol for meth-
anol intoxication. What is the significance

mU0w >
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10.

13.

14.

15.

16.
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of keeping a methanol-poisoned patient
in a darkened room?

The term glycol was coined from the
Greek stem that describes the taste of
these substances. What is that taste?
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Nitrates are causing considerable concern
among environmentalists and toxicologists
(17,20,21). Nitrates, along with phosphates
and several other ions, persist in the environ-
ment for long periods. Nitrates are being used
with increasing frequency as synthetic nitro-
gen-gassed fertilizers become more popular.
They are used in food production and pro-
cessing to prevent food spoilage and are
essential starting products and components or
intermediate products formed during the man-
ufacture of thousands of different chemicals
and drugs. Animal waste products are also rich
in nitrates.

The result of all of this activity is that high
levels of nitrates have now contaminated soil
and water supplies of many regions, especially
from shallow wells in rural areas. Because of
their high water solubility, nitrates eventually
leach into soil and water supplies of adjacent
areas. The time may be near when nitrate poi-
soning from drinking water will be a normal
occurrence rather than an unusual one. A 1981
survey of more than 100 wells in a Midwest-
ern community found that 27% of the wells
had greater concentration of nitrate in the wa-
ter than permitted by the Environmental Pro-
tection Agency (10 ppm) (15).

The use of amyl, butyl, and isobutyl nitrite
as recreational drugs also has become a
major problem. Each year approximately
250,000,000 doses are sold in the United
States (16). These volatile nitrites are inhaled
directly from their containers or are first al-
lowed to volatilize in an enclosed area such
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as a plastic bag, from which they are then
inhaled. They supposedly enhance the user’s
perception of certain social activities. While
no fatalities have been reported, illicit use of
these drug items can be considered to be po-
tentially dangerous and should be curtailed
(11). In one incident a 2-year-old girl was
admitted with severe circulatory compromise
and poor respiration after ingesting about 5
mL of an “aphrodisiac” product named Liq-
uid Gold (8).

A special concern involves possible nitrosa-
tion of nitrites with amines (3). The resulting
nitrosamines constitute one of the most potent
classes of carcinogenic chemicals known.
They have been shown to cause tumor growth
in most animal models studied, including hu-
mans (24). A special problem is that nitrates
readily undergo biologic conversion to ni-
trites, and nitrites may be subjected to nitrosa-
mine formation in vivo. This has been demon-
strated in animals, but whether such a reaction
actually occurs in vivo in humans is question-
able (7). The possibility that it does occur cer-
tainly must be taken seriously and cannot be
brushed aside. This is why vitamin C, vitamin
E, sulfamate, and antioxidants, such as butyl-
ated hydroxytoluene (BHT) and butylated hy-
droxyanisole (BHA), are frequently added to
nitrite-treated foods and some drug products
that have the potential for nitrosamine forma-
tion. These substances reduce the nitrosation
process.

In the meantime, our consideration of
nitrate/nitrite poisoning will not focus on sus-
pected carcinogen formation. Rather, it will
concentrate on acute poisoning from the ni-
trogenous substances that may be found
around the home or workplace. It will also
consider nitrate poisoning in infants from
drinking contaminated water or ingesting
foods that are rich in nitrate.

MECHANISMS OF NITRATE
TOXICITY AND CHARACTERISTICS
OF NITRATE POISONING

The two major toxicologic concerns re-
sulting from nitrate poisoning are cardiovas-
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cular collapse and methemoglobinemia. Ni-
trates produce nonspeciiic relaxation of all
smooth muscle, including the vasculature.
Although this action is generalized through-
out the body, the effect on postcapillary ves-
sels is more prominent and results in venous
pooling and, thus, a decrease in blood pres-
sure. At therapeutic doses of nitrates, neither
inotropy nor chronotropy is affected signifi-
cantly, but at higher doses the myocardium
is depressed.

As opposed to therapeutic actions, when
nitrates are ingested in toxic quantities they
produce intense vasodilation. This vasodila-
tion can precipitate several outcomes, rang-
ing from a throbbing headache and flushed
face to rapid fall in blood pressure and car-
diogenic shock. Normally, the heart would
compensate for the effects of venous pooling
and decreased blood pressure through barore-
ceptor stimulation and reflex sympathetic ac-
tivation. Through these reflex mechanisms,
sympathetic stimulation would result in in-
creased heart rate and force of contraction in
an attempt to elevate blood pressure to nor-
mal. However, when toxic blood concentra-
tions of nitrates are present, the heart is un-
able to respond. The heart-related signs and
symptoms of nitrate poisoning are listed in
Table 5.1.

In addition to cardiovascular collapse, the
other major toxic action of nitrates is methe-
moglobinemia. Methemoglobinemia is char-
acterized by oxidation of ferrous (HbFe"*)
iron in hemoglobin to the ferric (HbFe™*)
state. Methemoglobin is unable to bind oxy-
gen and, consequently, oxygen transport is in-

TABLE 5.1. Signs and symptoms
of nitrate poisoning

Headache, pulsation feeling in head
Palpitations

Tachycardia

Hypotension, shock

Cardiovascular collapse

Dizziness, fainting

Weakness

Cyanosis

Shallow respirations
Methemoglobinemia
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terrupted, resulting in cyanosis that is unre-
sponsive to oxygen therapy.

As a result of this oxidation reaction, dried
arterial blood will have a “chocolate-brown”
appearance, which is pathognomonic (distinc-
tively characteristic) for methemoglobinemia.
Formation of methemoglobin also causes the
oxygen dissociation curve to shift to the left,
as will be discussed with cyanide and carbon
monoxide in chapter 6. Although the mecha-
nisms for various toxic substances are differ-
ent, the end result, anoxia, is the same. Clini-
cal characteristics of methemoglobinemia are
listed in Table 5.2. All outcomes can be re-
lated to the inability of oxygen to be ade-
quately transported to the body’s tissues.

Any chemical that oxidizes ferrous iron to
the ferric state can incite methemoglobin for-
mation. This includes nitrates and nitrites, as
well as other substances listed in Table 5.3.
Nitrites are more potent than nitrates in pro-
ducing methemoglobin. Heme oxidation also
occurs spontaneously, probably because of en-
vironmental influences or from certain foods.
At any time, approximately 1% to 2% of total
hemoglobin exists in the oxidized (methe-
moglobin) form. This concentration is not
pathologic.

Erythrocytes contain several enzyme sys-
tems that reduce methemoglobin back to he-
moglobin (Fig. 5.1) (14). The most important
is methemoglobin reductase (diaphorase I). A
second methemoglobin reductase enzyme (di-
afrfiorase II) is dependent on concentrations of
nicotinamide adenine dinucleotide phosphate
(NADP, NADPH) for its action. This latter
system is ordinarily of little importance, since
the former normally maintains methemoglo-

TABLE S.2. Characteristics
of methemoglobinemia

Gray cyanosis, persistent even with oxygen therapy

Easy fatigability

Dyspnea; respiratory distress

Tachycardia

Dizziness with exertion

Arterial blood that is chocolate-brown

Oxygen-carrying capacity of arterial blood
decreased; shift to the left of oxygen and
dissociation curve

01

TABLE 5.3. Chemical agents reported
to cause methemoglobinemia

Acetophenetidin
Aminophenones
p-Aminosalicylic acid
Aniline
Antimalarials (i.e., chloroquine, primaquine)
Chlorates
Copper sulfate
Dapsone
Local anesthetics (i.e., benzocaine, lidocaine,
prilocaine)
Methylene blue (high doses)
Naphthalene
Nitrates and nitrites
Amyl nitrite
Butyllisobutyl nitrite
Nitroglycerin
Potassium nitrite
Sodium nitrite
Nitrate and nitrite meat preservatives
Vegetables (i.e., spinach and carrots in infants)
Nitrate and nitrite-contaminated well water
Nitrate and nitrite salts used in industry
Nitrobenzene
Nitrotoluene
Phenazopyridine
Resorcinol
Sulfonamides

From ref. 12.

bin levels below 1% to 2%. When methemo-
globin concentrations increase, diaphorase Il
activity can increase 60-fold (1). Normal
erythrocytic methemoglobin reductase can re-
duce methemoglobin to hemoglobin at a rate
250 times its rate of formation (19). As long
as an individual can maintain an adequate
level of these enzymes or does not ingest large
quantities of oxidizing chemicals, the blood
level of methemoglobin remains around 1%
to 2%. It is only when the enzyme system
becomes saturated, as occurs when large
amounts of oxidizing substances are ingested,
that methemoglobin accumulates in sufficient
quantity to induce clinical signs and symp-
toms of poisoning.

There are several other ways, in addition to
the oxidizing agents mentioned, in which the
concentration of methemoglobin can be raised
above normal. Toxic methemoglobin levels
can result from a congenital disorder, heredi-
tary methemoglobinemia. This condition is
characterized by absence of NADH-depen-
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FIG. 5.1. Mechanisms of methemoglobin reduction.

dent methemoglobin reductase (18). The dis-
order is usually detected by the presence of
cyanosis at birth.

The results of a study illustrate the effects
of a challenge dose of sodium nitrite in an
individual with hereditary methemoglobin-
emia versus a normal person (Fig. 5.2). Both
individuals received a single 500-mg intrave-
nous dose of sodium nitrite. From the figure,
it may be seen that, by 6 hr after injection,
the methemoglobin level had returned to near
baseline in the normal person, but it was still
abnormally elevated in the individual deficient
in the enzyme. The total amount of methemo-
globin formed in both subjects was essentially
the same.

Nitrate-induced methemoglobinemia is of
special concern in infants for several reasons

FIG.5.2. The response ofa patient with heredi-
tary methemoglobinemia compared to the re-
sponse of a normal person.

(5,15). First, the gastric pH of infants is char-
acteristically less acidic than that of older chil-
dren and adults. Normally, when gastric pH
is low, growth of microorganisms, such as
Escherichia coli, which convert nitrate to its
more toxic form, nitrite, is retarded. When less
acid is present, more bacteria proliferate (9).
Therefore, when foods that are rich in nitrate,
such as spinach or carrots, are given to these
infants in excess or when baby formula is pre-
pared from water containing high concentra-
tions of nitrates, there is a possibility of nitrate
poisoning and methemoglobinemia (5,9,22).
It has been reported that water nitrate concen-
trations of 10 ppm are unsafe for infants. The
same concentration typically causes no prob-
lems in older children or adults (1,20).

Second, fetal hemoglobin is more suscepti-
ble to oxidation to methemoglobin than is
adult hemoglobin. This is because methemo-
globin reductase is less active in infants under
3 months of age (20). Therefore, an excessive
quantity of nitrates can easily cause methemo-
globinemia. Infants may also consume more
nitrate-contaminated well water per gram of
hemoglobin than do adults (10).

The third reason why infants are more prone
to methemoglobinemia is because they have
an incompletely developed hepatic micro-
somal enzyme system. When ingested nitrates
are converted to nitrites by intestinal bacteria,
absorbed nitrite is not metabolized by the liver
to its inactive form as rapidly as it is in older
children and adults. Consequently, nitrite con-
centration in blood remains elevated longer.
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and the chance of oxidizing hemoglobin to
methemoglobin is enhanced.

MANAGEMENT OF
METHEMOGLOBINEMIA

Whenever cyanosis is present and persists
after administration of oxygen, methemo-
globinemia should be suspected. Diagnosis
is aided when dried arterial blood appears
chocolate-brown. This occurs when the met-
hemoglobin concentration exceeds 15%.
Definite confirmation can then be made by
quantitative determination of methemoglobin
in blood.

Cyanosis may be a manifestation of methe-
moglobin concentration as low as 10%. How-
ever, patients with levels less than 20% to
30% are usually asymptomatic and do not re-
quire immediate treatment (13,15). Even con-
centrations as high as 55% may be manifest by
little more than shortness of breath in certain
individuals (22). When blood methemoglobin
concentrations reach 30% or more, signs and
symptoms of methemoglobinemia are present
and usually dictate that specific treatment
should be initiated. Blood concentrations of
60% to 70% are considered lethal (6). Oxygen,
alone or with methylene blue, is the treatment
of choice. The offending agent should also be
identified and removed.

Methylene blue (tetramethylthionine chlo-
ride) is a specific antidote for methemoglobin-
emia (2). It is a dye that serves as an
intermediate in electron transfer between met-
hemoglobin reductase (diaphorase II) and
methemoglobin. The mechanism of action is
outlined in Fig. 5.1 (13). A reversal of the
toxic events of methemoglobinemia should be
noted within an hour of initiation of methylene
blue therapy. In patients with methemoglobin
concentrations less than 30%, treatment con-
sists of removing the offending agents and, if
necessary, giving oxygen (100%). When met-
hemoglobin concentrations exceed 30%,
methylene blue (1% solution) is generally ad-
ministered at 1to 2 mg/kg intravenously. Spe-
cial care is needed when using methylene
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blue, since larger doses may actually produce
methemoglobinemia. A dose of 5 mg/kg has
been reported to increase the methemoglobin
level (23). Doses greater than 15 mg/kg are
associated with hemolysis (14).

The suggestion is sometimes made that an-
other reducing agent, such as ascorbic acid,
will substitute for methylene blue in treatment
of methemoglobinemia. Although ascorbic
acid is occasionally used with some success,
it normally is not suitable for serious cases
because it does not reduce methemoglobin to
hemoglobin quickly enough (13).

SUMMARY

Symptoms of nitrate/nitrite poisoning, for
the most part, are similar regardless of the
nature of the causative poison. Likewise, these
poisons are treated in the same manner. It is
important to understand what the symptoms
of toxic nitrate and nitrite are and how they
are treated.

Case Studies

CASE STUDY:
METHEMOGLOBINEMIA
FROM ETHYL NITRITE

History

After a suggestion from a relative, a parent
of 4-month-old twin boys administered
“sweet spirits of nitre” (4% ethyl nitrite in
70% ethanol) to the boys because they had an
upper respiratory infection. The spirits of nitre
would supposedly control their “fussiness.”
A “small amount” was added to each of the
children’s formula bottles.

After ingesting the entire contents of the
formula bottle, one of the twins rapidly devel-
oped severe respiratory distress. He became
cyanotic and unresponsive. On admission to
an emergency facility, the baby was resusci-
tated. Arterial blood appeared chocolate-
brown color when dried. Blood gases were:
pOa, 280 mm Hg; pC02, 176 mm Hg; and
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pH, 6.71. Total hemoglobin was 8.8 g/dL, of
which methemoglobin composed 80%.

The mother reported giving the child 1 to
2 teaspoonfuls of ethyl nitrite. Ten milligrams
of methylene blue were administered intrave-
nously, and the methemoglobin concentration
declined to 8.9% within a few hours. How-
ever, the baby continued to require ventilation
assistance and died 12 hr later. An autopsy
revealed acute hypoxemic changes in the
tissues.

The other baby, who did not finish his bot-
tle, was admitted at the same time because of
respiratory distress, although less severe. His
hemoglobin level was 9.8 g/dL, of which the
methemoglobin concentration was 38%. He
was also given 10 mg of methylene blue intra-
venously. The methemoglobin concentration
was reduced to 0.4% within 4 hr, and he com-
pletely recovered. (See ref. 4.)

Discussion

1. Discuss the mechanism for inducing met-
hemoglobinemia by ethyl nitrite.

2. What effect, if any, do you think the respi-
ratory infection contributed to the outcome
for the twin boys?

CASE STUDY;
METHEMOGLOBINEMIA FROM
AN INDUSTRIAL ACCIDENT

History

Two men were showered with molten
chemicals in an industrial accident when a
chamber, containing S0% sodium nitrate and
50% potassium nitrate heated to 246°C, ex-
ploded. Their clothing was immediately re-
moved at the site, and they were rushed to a
hospital.

On admission, patient 1, aged 23 years, had
third-degree bums over 70% of his body.
These were coated with a white, “salt-like”
cmst. The patient was alert and able to speak
coherently. Vital signs included blood pres-
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sure, 90/60 mm Hg, and a weak pulse, 110
beats/min. Respirations were normal, al-
though he admitted having trouble breathing.
The patient had a generalized pallor. He com-
plained of pain; opioids were not given be-
cause of his hypotension. The crust was
washed away, but the damaged tissue was not
debrided.

Within 10 to IS min of arrival, the patient
suddenly became cyanotic. He lapsed into un-
consciousness and experienced a tonic sei-
zure. He was intubated and given 100%
oxygen but suffered cardiac arrest several
minutes later and died. A postmortem blood
sample showed a methemoglobin concentra-
tion of 65%.

The second patient, aged 49 years, was also
alert and oriented when admitted. His bums
were determined to be first and second degree,
with 40% of his body affected. Burned areas
were also coated with white cmsts. Vital signs
were all within normal limits except for a
pulse of 100 beats/minute.

Attendants began to wash the white cmst
away. Approximately 20 min postadmission
the patient experienced a generalized seizure.
He then became intensely cyanotic.

He was intubated and administered 100%
oxygen, but the cyanosis did not respond. A
blood sample appeared chocolate-brown, so
100 mg methylene blue was administered in-
travenously. Despite this treatment, cyanosis
continued.

The patient was transferred to an intensive
care unit where he received an exchange trans-
fusion with 30 units of whole blood. Before
exchange, methemoglobin concentration was
measured at 56%.

The patient tolerated the procedure well
and, by 16 hr postadmission, he was awake,
alert, and oriented. He received treatment for
thermal bums and was eventually released
without further complications.

Both of these victims illustrate that severe
poisoning can occur after absorption of a toxic
agent(s) through the skin. Absorption in these
victims was no doubt enhanced by the hot
temperature of the chemicals. (See ref. 13.)
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Discussion

1. What is the mechanism for inducing met-
hemoglobinemia by sodium and potassium
nitrate?

2. What is considered to be a toxic concentra-
tion of methemoglobin?

3. Why was the arterial blood of these pa-
tients colored chocolate-brown? What does
this mean?

4. Is it likely that the 10-mg dose of methyl-
ene blue given in casé¢ 1 was too high and
actually caused the infant’s death? Why,
or why not, was it to blame?

5. The first victim probably died before at-
tending physicians realized what was
needed to save his life. Since his blood
methemoglobin concentration was approx-
imately equal to the level of the other vic-
tim, do you suppose the first patient would
have survived his ordeal had he received
methylene blue? Why or why not?

CASE STUDY: ENVIRONMENT-
INDUCED METHEMOGLOBINEMIA
IN AN INFANT

History

A 6-kg, 10-week-old girl was brought to
the ED of a rural community hospital with
severe cyanosis of sudden onset and irritabil-
ity. An endotracheal tube was inserted, and
she was given 100% oxygen. Laboratory re-
sults indicated metabolic acidosis with pH
7.31; pa02, 231 mm Hg; paC02, 20 mm Hg;
and bicarbonate, 10. Her blood was noted to
be dark brown, and a methemoglobin concen-
tration of 71.4% was detected.

Twelve milligrams of methylene blue was
administered intravenously, resulting in a 98%
reduction in the methemoglobin concentration
within 8 hr. Sodium bicarbonate (6 mEq) cor-
rected the acidosis. The infant was transferred
to a children’s hospital, where her methemo-
globin concentration was measured as 1.3%.
An erythrocyte reduction measurement deter-
mined this to be within normal limits, ruling
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out the possibility of congenital methemoglo-
binemia. There was no evidence of gastroen-
teritis and/or dehydration.

The child was extubated at 24 hr postadmis-
sion and resumed breast feeding. Her mother’s
methemoglobin concentration was less than
1%; that of the father and other siblings was
negligible. She was discharged on day 3 of
hospitalization with a methemoglobin concen-
tration of 0.2%.

A family history later revealed a possible
environmental cause of the infant’s methemo-
globinemia, creosote. Three days before the
incident, the children’s father had replaced a
stove pipe leading from the wood-burning
stove upward to the ceiling. Instead of repli-
cating the existing angled construction, he had
run a straight pipe from the stove to the chim-
ney. The stove was the sole source of heat for
the home, and green slab pine was continu-
ously burned. The child’s cradle was situated
approximately S feet from the stove. It was
hypothesized that, with a stove flue free of
any angles, volatilized creosote dripped back
into the stove, resulting in the emission of
strong creosote fumes into the one-room
home (6).

Discussion

1. Explain why only the child experienced se-
vere symptoms. Why was her methemoglo-
bin level so high, when concentrations in
other family members were negligible to
low?

2. The source of drinking water for this home
was a well. Based on clues in this case
study, what is the probability that the well
water was contaminated and contributed to
the child’s poisoning?

Review Questions

1. Which of the following is a true state-
ment?
A. Methemoglobinemia exists when teme-
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7

containing iron is in its oxidized

state.
. Methemoglobinemia is best treated
with ascorbic acid.
Diaphorase I converts hemoglobin to
methemoglobin.
A methemoglobin blood concentra-
tion of 30% is usually fatal.
Which of the following is a normal blood
concentration of methemoglobin?
A. 0.5 to 1.0%
B. 1to 2%
C. 3to 5%
D. 7 to 10%
Nitrosamines are most often associated
with which of the following disease
states?
A. Gallbladder disorders
B. Renal tubular necrosis
C. Tumor growth
D. Gastric ulcers
Which of the following vitamins is some-
times advocated as an alternative treat-
ment to methylene blue in methemoglo-
binemia?
A. Thiamine
B. Niacin
C. Ascorbic acid
D. Pantothenic acid
Nitrogen-containing poisons (e.g., ani-
line) most likely would cause which of
the following toxic conditions if a toxic
dose were ingested?
A. Methemoglobinemia
B. Cyanhemoglobin
C. Carboxyhemoglobin
D. Sulfinethemoglobin
E. None of the above
Which of'the following clinical symptoms
can be normally suspected in an individ-
ual with methemoglobinemia: tachycardia
(D), lethargy (II), or dyspnea (IIT)?
I only
. IlI only
. Tand II only
. II and I only

C.

D.

>

I, II, and 1II
itrates are toxic because:

B
C
D
E
. N
A. They oxidize iron in hemoglobin
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B. They oxidize the iron in cytochrome

oxidase

They reduce iron in hemoglobin

Tliey reduce the iron in cytochrome

oxidase

8. Indelible inks, shoe polish, and crayons
are toxic, if ingested in sufficient
amounts, because of the formation of:

A. Methemoglobinemia

B. Sulfinethemoglobin

C. Hypercalcemia

D. Nitrosamines

E. Electrophiles !
9. Methylene blue, used as a specific anti-
dote, is best termed a/an:
A. Chelating agent
B. Adsorbent
C. Sequestering agent
D. Oxidizing agent
E. Reducing agent
The “chocolate-brown” appearance of
dried arterial blood of a person who has
methemoglobinemia is caused by:
A. Oxidation of ferrous-iron in hemoglo-
bin to the ferric valence.
Reduction of ferrous-iron in hemoglo-
bin to the ferric valence.
Oxidation of ferric-iron in hemoglo-
bin to the fenous valence.
Reduction of ferric-iron in hemoglo-
bin to the ferrous valence.
The next five questions pertain to the follow-
ing case:

While his mother was in the basement doing
the laundry, an experimenting S-year-old at-
tempted to help “season” the rather large pot
of stew that was cooking on the stove.

He added the white crystalline contents of
a bottle he acquired from his brother’s chemis-
try kit. The chemical formula on the label was
KNO2, which seemed to this unknowing
youngster to be the perfect fiavoring ingredi-
ent for that night’s supper. Later that evening,
the entire family (father, 39 years; mother, 37
years; older son, IS years; younger son, 5
years; and baby sister, 2 years) feasted on the
“special formula” stew.

11. Which of the following symptoms would
be expected to result from consuming a

C.
0.

10.

B.

C.

D.



12.

13.

14.

15.

16.

17.
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significant portion of this adulterated
stew?

A. Headache

B. Hypertension

C. Methemoglobinemia

D. All of the above

E. Only two of the above

The chemical name for KNOj is potas-

sium;

A. nitrate

B. nitrite

C. nitride

D. nitrile

E. hyponitrite

The pharmacologic actions of KNO2 in-

clude all of the following except:

A. Shift to the LEFT of the hemoglobin
oxygen-dissociation curve

B. Reflex bradycardia

C. Oxidation of ferrous hemoglobin

D. Vasodilation

E. Vasoconstriction

The antidote that should be given to re-

verse significant methemoglobinemia is:

A. Oxygen

B. Phenacetin

C. Gentian violet

D. Phenolphthalein

E. Methylene blue

When an exogenous electron carrier, such

as methylene blue, is used as an antidote

to methemoglobinemia, all of the follow-
ing are true except:

A. Glycolysis supplies the required re-
ducing equivalents in the form of
NADH.

B. Glucose 6-phosphate is oxidized.

C. The hexose monophosphate shunt
provides the necessaly cofactor
NADPH.

D. Diaphorase 11 is activated.

E. High doses of the antidote may actu-
ally cause further methemoglobin pro-
duction.

Cite the most probable cause of death in

an individual poisoned with a massive

overdose of a nitrate.

Infants have been reported to be more se-

riously affected by excessive nitrate in-

18.

19.

20.

10.

11.

12.

13.

14.
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gestion than are adults. Discuss the fac-
tors that promote this action.

Discuss the consequence of administering
nitrites to an individual with hereditary
methemoglobinemia.

The dose of methylene blue must be
closely monitored for what reason?

At what blood concentration of methemo-
globin should treatment be initiated?
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Air may contain substances that, if inhaled,
produce local toxic effects on the lungs and
respiratory passageways and systemic effects
throughout the body, lliese include particulate
matter (such as dusts, fumes, and smokes) and
gaseous products (including carbon monox-
ide, cyanide, sulfides, and other vapors and
solvents).

Air quality in many areas is such that we
continually breathe low levels of numerous
solid and gaseous poisons without experienc-
ing significant acute problems. Most airborne
particles are either trapped by nasal hair or
deposited on the moist walls within the respi-
ratory system. They may be removed by
coughing and sneezing or by the action of
respiratory secretions aided by ciliary move-
ment.

This chapter concentrates on three gases
that exhibit significant toxicity: carbon mon-
oxide, cyanide, and sulfide. Other gaseous or
volatile substances that are associated with
toxicity by inhalation are discussed in appro-
priate chapters (e.g., formaldehyde, gasoline,
mercury vapor).

CARBON MONOXIDE

Acute carbon monoxide (CO) poisoning
causes at least 10,X)0 persons each year in the
United States to seek medical attention. About
1.500 die of accidental exposure, and another
3.500 commit suicide with CO each year (60).
Chronic exposure to low concentrations of CO
causes an array of complaints, including tired-
ness and lethargy, shortness of breath, irrita-
bility, and visual impairment. Chronic CO ex-
posure also has been suggested to be a cause
of heart disease and atherosclerosis, as well
as numerous other abnormalities (2).

Toxic effects of CO are primarily due to its
preferential affinity for hemoglobin and the
production of carboxyhemoglobin (CoHb)
(36). To appreciate the significance of this re-
action, one must recall that a constant oxygen
supply is essential for all bodily functions.
Some tissues have greater oxygen require-
ments than others. The cells of the CNS and

CARBON MONOXIDE, CYANIDE, AND SULFIDE

myocardium, for example, become pathologi-
cally impaired when their oxygen requirement
is compromised, even for short periods.

Atmospheric air contains “proximately
21% oxygen. Oxygen is made accessible to
body tissues by respiration. As oxygen dif-
fuses across alveolar membranes, it combines
with hemoglobin and is transported to various
tissues.

Carbon monoxide is a ubiquitous product
ofincomplete combustion. Since it is odorless,
colorless, tasteless, and nonirritating to the re-
spiratory passages and readily mixes with air
in all proportions, it is referred to as a silent
killer. These features often prevent victims
from recognizing the potential danger. A dan-
gerous misconception is that, as long as
you cant smell smoke, there is no carbon
monoxide.

Carbon monoxide is normally present in the
atmosphere at concentrations of less than
0.001% because most CO formed by incom-
plete combustion rises high into the atmo-
sphere, where it is quickly oxidized to carbon
dioxide. However, it is still the most abundant
pollutant. Internal combustion automobile en-
gine exhaust is the major source of CO (2,19).
Natural gas (methane) does not contain CO,
but its incomplete combustion, of course, will
produce it. Charcoal fires produce CO, and
this creates a potential hazard when hibachis
and other charcoal grills are used in closed,
poorly ventilated areas, such as camping trail-
ers or apartments (see the case study at the
end of this chapter). It is generally agreed that
more people die in fire-related accidents from
CO poisoning than by heat or bums.

Methylene chloride (CHXCI2 dichlorometh-
ane), is another source of CO. I' is a common
industrial solvent used as a fumigant and in
fire extinguishers and as a major component
of many paint thinners and paint and varnish
removers (11,39,65). Its use is increasing as
a solvent in personal-care aerosol products.
Unfortunately, methylene chloride is quickly
absorbed and metabolized to CO, forming car-
boxyhemoglobin. Recall that one of the case
studies at the end of chapter 1 described a
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fatal event in an unsuspecting victim by inha-
lation of methylene chloride.

Methylene chloride poisoning has become
increasingly common since the early 1970s.
At that time it was shown that, after methylene
chloride inhalation, endogenous generation of
carboxyhemoglobin follows. It is highly lipid
soluble and deposited in a variety of body
tissues, from which it is slowly released. In
the liver, mixed-function oxidases convert
methylene chloride to carbon dioxide and car-
bon monoxide. It is believed that over 70,000
workers are exposed to methylene chloride
each year in the United States (52).

A significant source of inhaled CO is to-
bacco smoke. Cigarette smoke contains 3% to
6% CO, producing air concentrations that are
up to 8 times greater than the level permitted
in industry. Pipes and cigars normally bum at
lower temperatures but may contain up to 15%
CO. Smoking one or two packs of cigarettes
per day produces CO blood concentrations of
1.9% or 3%, respectively (7). Firemen who do
not smoke tobacco may have high CO blood
concentrations due to excessive exposure to
smoke from fires (8,53).

Blood normally contains low concentra-
tions of CO, less than 1%. This is believed to
occur through endogenous CO formation from
metabolism of hemoglobin and other tetrapyr-
rols (16,23,56). These low concentrations are
probably insignificant to an otherwise healthy
individual.

Mechanism of Toxicity

The toxic effects of CO have been known
for thousands of years. Political prisoners dur-
ing Hippocrates’ time were put to death with
CO. Only since the last decade of the 19th
century have its physiologic and biochemical
effects been systematically studied.

The toxic effects of CO result from tissue
hypoxia. This is achieved by (a) decreasing
the amount of oxygen bound to erythrocytes,
thus causing a reduction in tissue oxygenation,
and (b) shifting the oxyhemoglobin dissocia-
tion curve to the left, thereby lowering the
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partial pressure at which oxygen becomes
available to tissues.

Carbon monoxide combines reversibly with
hemoglobin to produce carboxyhemoglobin
(36). This binding affinity is approximately
240 times greater than that of oxygen. Inhala-
tion of relatively low concentrations of CO
can, therefore, produce clinically significant
decreases in the oxygen-carrying capacity of
erythrocytes. In other words, a 50% COHb
concentration can be achieved when the con-
centration of CO in ambient air is only "240th
that of oxygen, or about 0.08% (800 ppm).
Breathing air that contains as little CO as 0.1 %
by volume can be lethal (41).

Binding of oxygen to hemoglobin displays a
sigmoid relationship with respect to the partial
pressure of oxygen. The binding of one oxy-
gen molecule produces allosteric modification
of the heme protein to enhance binding of the
next three oxygen molecules.

Carbon monoxide also interferes with dis-
sociation, or release of oxygen from he-
moglobin; as stated above, CO shifts the oxy-
hemoglobin dissociation curve to the left.
Graphically, this means that the normal
oxygen association-dissociation curve now
changes from a sigmoid to a hyperbolic rela-
tionship. The sigmoid curve indicates that
oxygen can be readily released from hemoglo-
bin when needed. Figure 6.1 shows that the
slope of the S-curve is steep when p02 is low
and levels off when p02 is high. When CO
binds with hemoglobin and shifts the dissocia-

FIG. 6.1. Oxyhemoglobin dissociation curve in
the presence of CO.
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tion curve to the left, producing a hyperbolic
curve, less oxygen is available to tissues or
oxygen is only available to tissues at low pQOj.

Carbon monoxide also binds to myoglobin,
a heme-containing protein that transports oxy-
gen in skeletal and cardiac muscle, and to in-
tracellular cytochrome oxidases (intracellular
enzymes for respiration). This binding may
also contribute to tissue and cellular hy-
poxia (67).

Absorption, Metabolism, and Excretion

The concentration of COHb in blood is a
function of the CO concentration of inspired
air, duration of exposure, and volume of pul-
monary ventilation (tidal volume). Aqueous
solubility of CO is low, but CO concentrations
may be significantly high in the blood because
of its binding affinity for hemoglobin. Table
6.1 correlates concentrations of CO in inspired
air with the corresponding percentage of
COHDb saturation reached at equilibrium.
From this table the COHb concentration, after
exposure to a known concentration of CO, can
be estimated for a particular time period and
respiratory activity using the following equa-
tion;

Resting state: % COHb
= 6 L/min X %CO X min exposure

This relationship applies to an otherwise
healthy individual, and several factors can in-
fluence the percentage of COHb saturation.
Infants and others with hypermetabolic rates,
patients with anemia (lower oxygen reserve)

TABLE 6.1. Cartmxyhemoglobin
equilibrium at one atmosphere

CO inhaled COHb
(ppm) (% saturation)
1 0.49
10 1.94
100 14.45
1,000 62.41
10,000 94.31
100,000 99.40
900,000 99.93
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or chronic obstructive pulmonary disease
(COPD), and those with arteriosclerotic car-
diovascular heart disease will be much more
susceptible to toxicity from CO. Of historical
interest, canaries were once placed in mines
to test the air quality. Birds are more suscepti-
ble to reduced oxygen concentrations. If the
bird died, the oxygen concentration in the air
was too low to sustain human life or perhaps
a toxic gas (e.g., methane) was present, and
the miners had to leave or protect themselves.

Carbon monoxide is eliminated from the
lungs unchanged in an exponential manner.
The rate of elimination can be increased by
exercise or the administration of pure oxygen.
Less than 1% is oxidized endogenously to car-
bon dioxide. The biologic half-life of CO in
a healthy, sedentary adult at sea level is 4 to
S hr. This half-life decreases to approximately
80 min with administration of /00% oxygen
and to 23 min when hyperbaric oxygen is
used (36).

Characteristics of Acute Poisoning

It was pointed out previously that the con-
centration of CO in ambient air does not need
to be great for acute toxic exposure to occur.
Table 6.2 correlates COHD concentrations and
certain signs and symptoms. Toxic manifesta-
tions occur in organ systems with the greatest
oxygen needs, the brain and heart. Not all
manifestations will be observed.

Individuals with COHb concentrations of
less than 10% are typically asymptomatic, and
even COHb concentrations of 10% to 20%
produce effects that are sometimes vague and
nondescriptive. Effects become increasingly
severe as COHDb concentrations rise to the
30% to 50% range, with the victim showing
irritability, headache, dizziness, confusion,
disturbance of judgment, collapse, and
fainting on exertion. Severe headache that of-
ten follows CO poisoning probably results
from cerebral edema. Unconsciousness rarely
occurs in individuals with COHb concentra-
tions of less than 50%. If duration of exposure
to CO is prolonged or acute exposure to high
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TABLE 6.2. Signs and symptoms at various
concentrations of carboxyhemoglobin

% COHb

0-10
10-20

Signs and symptoms

No symptoms; asymptomatic

Tightness across the forehead, possibly
slight headache, dilation of the
cutaneous blood vessels, exertional
dyspnea

Headache and throbbing in the
temples, easily fatigued, possible
dizziness

Severe headache, weakness,
dizziness, confusion, dimness of
vision, nausea, vomiting, and
collapse

Same as above, a greater possibility of
collapse, syncope, and increased
pulse and respiratory rata

Syncope, increased respiratory and
pulse rate, coma, intermittent
convulsions, and Cheyne-Stokes
respiration

Coma, intermittent convulsions,
depressed heart action and
respiratory rate, and possibly death

Weak pulse, slow respirations,
respiratory failure, and death within a
few hours

Death in less than an hour

Death within a few minutes

20-30

30-40

40-50

50-60

60-70
70-80

80-90
90+

concentrations (0.5% to 1.0%) occurs and the
resultant COHb concentration increases to
60% to 70%, then pulse rate, cardiac output,
and respirations will be critically compro-
mised. Death will follow soon.

It may be common knowledge that CO
causes deleterious effects on the CNS, but its
actions on the myocardium are not as well
understood. Death often occurs from myocar-
dial ischemia.

A study using monkeys placed in a chamber
containing CO illustrated that the heart is
mailcedly affected by CO concentrations.
Twenty-five percent of the animals quickly
developed ventricular arrhythmias and other
ECG abnormalities (22). In another investiga-
tion, 40% of a group of individuals who had
preexisting heart disease and were exposed to
CO emissions on a freeway in a major metro-
politan area experienced significant ECG ab-
normalities and increased anginal pain. Blood
COHD concentrations in all affected individu-
als were below 5% (4). In another study, 7 of
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21 persons (42 to 60 years old) who were
exposed to CO resulting in blood concentra-
tions of 5% to 9% COHb experienced ECG
irregularities, with arrhythmias developing in
2 patients (37).

Individuals with coronary heart disease are
at special risk from CO exposure because of
their inability to compensate adequately for
CO-induced increased myocardial oxygen de-
mand (3,5,6). Various animal studies have
demonstrated that focal areas of necrosis can
be seen on the myocardium after prolonged
CO exposure, but these necrotic areas are usu-
ally reversible. When COHb concentration is
5% or higher, people are 21 times more likely
to develop atherosclerosis than when COHb
is decreased to 3% (70).

Nonfatal exposure to CO usually results in
complete recovery within 2 to 4 days. Survi-
vors generally show little or no residual ef-
fects. It is only after the victim remains coma-
tose for more than 24 hr that serious
neurologic symptoms are likely to develop.
Twitching, choreiform movements, and sei-
zures may result from prolonged hypoxia. De-
layed neuropathy, characterized by demyelin-
ation, may result as a late complication of
CO poisoning. Patients may appear to be well
immediately after recovery from the acute ef-
fects, only to show neurologic deficits later
(21,74). Late sequelae in up to 45% of patients
may develop gradually from 3 days to 3 weeks
after initial exposure and therapy of acute poi-
soning (45). One study demonstrated that, in
patients poisoned by CO who were evaluated
3 years after recovery, 13% displayed gross
neuropsychiatric damage, 33% showed deteri-
oration of personality, and 43% had some de-
gree of memory impairment (42,50). Other
complications of CO poisoning include visual
and hearing impairment, neurologic and mus-
cular deficiencies, blood and kidney damage,
and skin lesions including erythema, blisters,
and bullae.

The pathognomonic sign of CO poisoning
is a pinkish to bright cheny-red discoloration
of the skin. It begins around the mouth, when
COHb concentrations exceed 25%, and
spreads over the face and extremities as the
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percentage of saturation increases. In fatal CO
poisonings, the bright discoloration persists
and can be readily demonstrated on autopsy.

Management of Poisoning

Specific goals in management of acute CO
poisoning are to (a) relieve cerebral and car-
diac ischemia and (b) promote dissociation of
COHb and increase the CO elimination rate.
Each goal is best achieved by administering
oxygen. The initial step, therefore, is to re-
move the victim from the CO source and ad-
minister pure oxygen. The victim should be
kept quiet and resting. An increase in muscle
movement may result in increased oxygen de-
mand, leaving even less oxygen available to
support CNS functions. Carbon monoxide
poisoning is one of those rare situations where
a direct antagonist, oxygen, is available. In
general, the more oxygen administered, the
better the outcome (41).

Carboxyhemoglobin concentrations can be
easily determined in the laboratory. However,
in most instances when the presence of signs
and symptoms and positive conditions of CO
exposure indicate that treatment is required, it
should not be delayed until laboratory analysis
is completed.

When COHb concentrations are less than
1S%, fresh air and rest are all that are usually
indicated. If COHb concentrations exceed
15%, 100% oxygen should be given, since
dissociation 0of 50% of COHb will be achieved
in 40 min in an oxygen atmosphere, as com-
pared to 4.1 hr in ambient air (51).

The use of hyperbaric oxygen (oxygen at
increased pressure) is recommended when the
COHb concentration reaches 40% or greater
(34). Oxygen at 2 atmospheres will reduce the
half-life of CO to 20 min and causes almost
instantaneous reversal of tissue hypoxia (33).
This occurs because oxygen dissolved in
plasma will oxygenate tissues directly. Also,
hyperbaric oxygen accelerates the rate of dis-
sociation of COHb and shifts the oxyhemoglo-
bin dissociation curve back to the right (42).
Other potential benefits include reduced cere-
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bral edema and reduced cytochrome oxidase
inhibition. Controversies to the selective use
of hyperbaric oxygen exist, and a clinical
judgment requires an evaluation of the poten-
tial risks and benefits (45). Some complica-
tions of hyperbaric oxygen therapy include de-
compression sickness, rupture of tympanic
membranes, damaged sinuses, and oxygen
toxicity.

As stated earlier, oxygen is transported
through the body bound to hemoglobin and in
lesser concentration dissolved in plasma. This
concentration can be increased if the oxygen
tension is increased. Breathing 100% oxygen
can result in a dissolved oxygen concentration
0f 2.09 vol%. The body’s normal arterial-to-
venous oxygen difference is approximately
6%. Forcing oxygen at 100% concentration
can supply up to one-third of the body’s oxy-
gen requirements (77). Giving oxygen at 2.5
atmospheres of pressure can result in a dis-
solved oxygen concentration of 5.62
vol% (18).

At high COHbD concentrations, oxygen ther-
apy at 100% concentration (10 L/min) may be
administered over a prolonged period ranging
up to 4 hr at normal atmospheric pressure and
1 hr at 2.5 atmospheres of pressure. A victim
of hydrogen sulfide poisoning who is dis-
cussed in a case study at the end ofthis chapter
received 100% oxygen for 10 hr. Although
prolonged therapy with high concentrations of
oxygen can be toxic, treatment of CO poison-
ing with high concentrations of oxygen for
prolonged periods is not usually associated
with seizures and other symptoms of oxygen
poisoning (78).

From all indications, addition of 5% to 7%
carbon dioxide to oxygen offers little advan-
tage in treating CO poisoning. It is the opinion
of some that carbon dioxide stimulates breath-
ing. Others have shown that any possible ad-
vantage by carbon dioxide is overcome by the
benefit that pure oxygen has on forcing the
dissociation of COHb.

CYANIDE

Cyanide (hydrocyanic acid, prussic acid) is
not a common poison, although today the pub-
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FIG. 6.2. Structural formula for amygdalin.

lie is more aware of its occurrence than in
the past. Most cyanide ingestions occur from
accidental exposure or intentional ingestion of
a cyanide-containing compound. There was
an increased frequency in the number of case
reports dealing with accidental cyanide poi-
sonings a few years ago when use of laetrile
was popularized. Occasionally, fruit seeds are
ingested as part of a health food diet plan;
some contain toxic levels of cyanide. Amyg-
dalin (Fig. 6.2), one such cyanogenic glyco-
side, is present in apple, peach, plum, apricot,
cherry, and almond seeds. As shown in Fig.
6.3, amygdalin is hydrolyzed to hydrogen cya-
nide (31,54). In addition, the public was
grimly reminded of its rapidly induced toxic-
ity when more than 9X) suicide-murders oc-
curred in Jonestown, Guyana, in 1978 as a
result of drinking a cyanide-laced beverage.

The conventional means of cyanide expo-
sure occur in industry. Hydrogen cyanide and
its derivatives are used in electroplating, met-
allurgy, and extraction of gold and silver met-
als from ores; in production of synthetic fibers
and plastics; and as fumigants and fertilizers.
Table 6.3 lists many cyanide-containing com-
pounds with their appropriate chemical formu-
las and names, as well as other relevant
information.

A common error regarding cyanide poison-
ing is that it occurs only from ingestion, by
swallowing a substance containing cyanide.
Intoxication can occur also from inhalation
or absorption through the skin (SS). In the
presence of cyanide gas, a gas mask alone

Amygdalin + Hj0 P-glucosidase® Uandelonitrile glycoside

+ HiO
Prefiase
Glucose + Mandelonitnie------- ~ Benzaldehyde + HON

FIG. 6.3. Biochemical pathway for amygdalin
metabolism.
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does not offer complete protection from intox-
ication.

The most rapidly acting cyanide compound,
hydrocyanic acid, is readily volatilized to hy-
drogen cyanide, producing the characteristic
odor of bitter almonds. Cyanide salts are the
most frequently encountered of all cyanide-
containing compounds. The LD» for these
salts is approximately 2 mg/kg, with ingestion
of 50 to 75 mg of any one of them usually
resulting in syncope and respiratory difficulty
within a few minutes (29). Halogenated cya-
nides are irritating gases and produce pulmo-
nary edema, tearing, and excessive salivation.

It is not uncommon on autopsy to find cya-
nide, as well as CO, in the blood of victims
of smoke inhalation (9,43,64). Many plastics
and polyacrylic fibers produce cyanide-con-
taining gases when burned. Another source
of cyanide toxicity is the administration of
nitroprusside (50).

Mechanism of Toxicity

Cyanide produces histotoxic cellular hyp-
oxia by binding to ferric (Fe**) iron. The body
has over 40 enzyme systems that are reported
to be inactivated by cyanide. The most sig-
nificant of these is the cytochrome oxidase
system, which consists of the cytochrome a-
03 complex of the electron transport system
(58). When cyanide binds to this enzyme com-
plex, electron transport is inhibited—electron
transfer from cytochrome  to molecular oxy-
gen is blocked. Consequently, no ATP can be
generated because this is dependent on cyto-
chrome oxidase at the last step in oxidative
phosphorylation (71). This results in reduced
cellular utilization of oxygen and increased
venous pOj. Cyanide intoxication has the
same pathophysiologic effect as a complete
lack of oxygen.

Since there are several metabolic pathways
converging on the electron transport system,
impairment of cellular oxygen utilization re-
duces aerobic respiration with a decrease in
pyruvate conversion in the Krebs cycle.
Therefore, lactate increases, producing meta-
bolic acidosis.
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Name

Acetone cyanohydrin
Acetonitrile
Acrylonitrile

Calcium cyanamide
Caldum cyanide
Cyanogen
Cyanogen bromide
Cyanogen chloride
Dimethyl cyanamide
Hydrocyanic add
Nltropnjsside
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TABLE 6”. Examples of cyanide-containing compounds

Commercial use

Solvent

Synthetic fibers & plastics
Fertilizer

Fumigant, pesticide

Fumigant, blast furnace

Fumigant

Organic synthesis

Organic synthesis

Fumigant

Antihypertensive, analytic reagent

Fatal dose (TLV)*

15 mg/kg

120 mg/kg
35-90 mg/kg (20 ppm)
40-50 g

5 mg/kg
13 ppm
13 ppm
13 ppm
75 nig/kg
0.5 mg/kg (10 ppm)*
10 mg/kg

Potassium cyanate Herbicide, chemical reagent 1 g/kg
Potassium cyanide Electroplating, organic synthesis 2 mg/kg
Potassium ferrocyanide Metallurgy, graphic arts 1.6 mglkg
Sodium cyanide Electroplating, organic synthesis 2 mgl/kg

From ref. 29.
*TLV, threshold limit value.

In cyanide toxicity, the quantity of oxygen
that reaches tissues is not affected, but cells
are unable to utilize the oxygen. Recall that
this differs from CO poisoning, where tissue
hypoxia is due to an insufficient amount of
oxygen available for tissue utilization. In es-
sence, a victim of cyanide poisoning suffo-
cates from an inability to use oxygen. Since
only the cellular utilization of oxygen is im-
paired, venous blood becomes almost as oxy-
genated as arterial blood. Consequently, cya-
nosis is not usually observed.

Characteristics of Poisoning

Cyanide is extremely rapid acting and ena-
ble of causing death within minutes. The clas-
sic odor of bitter almonds is not detected by
everyone and seems to be genetically deter-
mined (10). Onset of symptoms of cyanide
poisoning depends on the type of exposure.
Hydrogen cyanide vapors are the most rapidly
acting, with symptoms occurring within sec-
onds and death within minutes. When cyanide
salts are ingested, onset of toxicity is delayed
somewhat due to slow absorption. The sever-
ity of acute poisoning is determined by the
dose and exposure time.

Early symptoms of cyanide poisoning may
include weakness, dizziness, headache, tachy-

pnea, and tachycardia. This is followed by
rapid progression to a stuporous, combative
phase and, finally, by apnea, generalized con-
vulsions, and death (62,69). A summary of
signs and symptoms of cyanide poisoning is
shown in Table 6.4.

Cyanide directly stimulates chemoreceptors
of the carotid and aortic bodies, resulting in
increased respiration. This produces increased
tidal volume, minute volume, and frequency
of breathing (71).

Nausea and vomiting associated with cya-
nide poisoning are probably due to local irrita-
tion to the gastric mucosa from cyanide salts.
Tachycardia results from reflex actions after
stimulation of chemoreceptors of the carotid
and aortic bodies in response to cellular an-
oxia. Again, the patient usually does not ap-
pear cyanotic because of oxygenated venous
blood.

As cyanide blood concentration increases,
respiration rate slows and gasping occurs, but
cyanosis is still usually absent. The presence
of bradycardia and absence of cyanosis are
strong evidence to support a suspected cya-
nide poisoning. As cyanide concentrations in-
crease, sufficient CNS oxygen deprivation
may cause hypoxic convulsions followed by
death due to respiratory arrest. Also, lactic
acidosis with a wide anion gap (see chapter
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TABLE 6.4. Correlation between blood cyanide concentrations
and clinical manifestations of poisoning

CN concentraUon Degree of
(mgA.) poisoning
0.5-1.0 Mild
1.0-2.5 Moderate
2.3 and greater Severe

Signs and symptoms

Conscious, flushed, rapid pulse, headache
Stuporous but responsive to stimuli, tachycardia, tachypnea
Comatose, unresponsive, hypotension, respirations slow

and gasping, mydriasis, cyanosis at high coiicentration,
death unless treated immediately

4) should not be overlooked in these patients.
Inhibition of aerobic respiration will shift glu-
cose metabolism to anaerobic glycolysis, re-
sulting in severe lactic acidosis (24).

Management of Poisoning

Treatment of acute cyanide poisoning is
aimed at decreasing the amount of cyanide
available for cellular binding. The primary ob-
jective is to maintain cellular utilization of
oxygen by sequestering or interfering with cy-
anide to prevent its interaction with cyto-
chrome oxidase. Treatment must be initiated
immediately to be effective (55).

Unlike many other toxic exposures, cyanide
poisoning is a good example of a situation
where specific antidotes are available. The key
to successful therapy is limited by how rapidly
treatment can be initiated. It is rare for an
intentional ingestion of cyanide to be discov-
ered before death because cyanide acts so rap-
idly. In addition, many toxic exposures do not
lend themselves to rapid, straightforward di-
agnosis of cyanide poisoning, and, therefore,
specific treatment may be delayed.

At toxic concentrations, cyanide can disso-
ciate from ferric iron binding sites and be con-
verted to thiocyanate in the presence of sulfur
transferase and an endogenous source of thio-
sulfate, as shown in Fig. 6.4. The thiocyanate
is rapidly excreted by the kidney. When
greater concentrations of cyanide are present.

this built-in detoxification system becomes
saturated, and death results unless specific
measures are taken.

Over the years, several antidotes have been
suggested for treating cyanide poisoning. Pe-
digo (47) reported in 1888 that amyl nitrite
was effective in treating cyanide-poisoned
dogs. Methylene blue was later touted as ef-
fective (20). Methylene blue is an aniline dye
that produces methemoglobinemia when
taken in large doses (see chapter 5). Methemo-
globin contains iron in its oxidized (Fe")
form and thus competes with cytochrome oxi-
dase for binding to cyanide. It was subse-
quently shown that nitrites were successful an-
tidotes (13-15) and was later confirmed that a
combination of amyl nitrite and sodium nitrite
was much more effective in producing methe-
moglobinemia (14). Also, a combination of
nitrite and thiosulfate provided an effective
treatment regimen (13).

This, then, formed the basis for the Cyanide
Antidote Package (Fig. 6.5), which contains
amyl nitrite inhalant, 3% sodium nitrite solu-
tion, and 25% sodium thiosulfate solution.
First, amyl nitrite is administered by inhala-
tion, followed by sodium nitrite intravenously.
The purpose of these two agents is to oxidize
ferrous iron of hemoglobin to its ferric form,
producing methemoglobin, as shown in Fig.
6.6, Eq. A. Since amyl nitrite alone produces
only about 5% methemoglobin, it must be
combined with sodium nitrite to produce an

(sullur transieras«)

CYANIDE + THIOSULFATE

---------- THIOCYANATE + SULFITE

FIG. 6.4. Reaction of cyanide with thiosulfate in the presence of sulfur transferase.
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FIG. 6.5. Cyanide Antidote Package. (Photograph courtesy of Eli Lilly Company.)

adequate concentration of methemoglobin to
bind with cyanide. In practice, a methemoglo-
bin concentration close to 40% is desirable.
Methemoglobin (HbFe”*) can now compete
with cytochrome oxidase for -circulating
cyanide.

Methemoglobin has greater affinity for cya-
nide than does cytochrome oxidase. There-
fore, methemoglobin can bind to free cyanide
(Fig. 6.6, Eq. B), as well as cause dissociation
of the cyanide-cytochrome oxidase complex.
This results in reactivation of cytochrome oxi-
dase and permits it to resume its activity in
the electron transport system. In addition, the
released intracellular cyanide can now bind to
methemoglobin to form cyanomethemoglo-
bin, as shown in Fig. 6.6, Eq. C.

All of the discussed reactions that involve
cyanide and its complexes are reversible and

may shift in either direction. Similarly, cyano-
methemoglobin also has the potential to Asso-
ciate. This is partly the reason for instituting
the second phase of the Cyanide Antidote
Package. This involves the binding of cyano-
methemoglobin with thiosulfate in the pres-
ence of sulfur transferase (rtiodanese) to form
a relatively nontoxic compound, thiocyanate,
which is readily excreted by the kidney (Fig.
6.6, Eq. D).

Although the current treatment regimen just
described for cyanide poisoning is effective,
it does pose considerable potential toxicity.
For example, when hemoglobin is converted
to methemoglobin, it loses its ability to bind
oxygen. This may cause the oxygen dissocia-
tion curve to shift to the left. As a resullL the
body can be placed in double jeopardy. Cellu-
lar oxygen utilization has first of all been di-
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HEMOGLOBIN AMYL NITRITE
(Fe*™) . or -»>
SODIUM NITRITE

METHEMOGLOBIN
(Fe*3)

(Equation A)

CYANIDE ¢ METHEMOGLOBIN * CYANOMETHEMOGLOBIN

(Equation B)
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CYANIDE - CYTOCHROME
OXIDASE COMPLEX *

(Equation C)

METHEMOGLOBIN ss CYANOMETHEMOGLOBIN

L4
CYTOCHROME OXIDASE

CYANOMETHEMOGLOBIN + THIOSULFATE = THIOCYANATE
+

(Equation D)

FIG. 6 .6 .

minished by cyanide, and, with production of
methemoglobin, the amount of oxygen avail-
able for tissues is potentially diminished. As
can be expected, there is a fine line between
reversing the toxicity of one agent and inad-
vertently initiating toxicity by another. It
seems in practice that production of methemo-
globin does not severely compromise the
cyanide-poisoned patient unless the concen-
tration reaches 40% to 50% or greater. How-
ever, this potential danger should not go
unrecognized.

SULFITE
¢

METHEMOGLOBIN

Steps in treating cyanide intoxication.

Another drawback is the possibility of criti-
cally lowering blood pressure with the use of
nitrites. Nitrites induce vasodilation, which
may result in cardiovascular collapse and ren-
der the treatment completely ineffective.

Oxygen is not a specific antidote for cya-
nide, but it has been advocated as a necessary
adjunct in managing its toxicity (72,73). Oxy-
gen therapy may be useful for two reasons:
(a) it may displace cyanide from cytochrome
oxidase and (b) increased intracellular oxygen
tension may be sufficient to nonenzymatically

TABLE 6.5. Effect of hyperbaric oxygen, sodium nitrite, and sodium thiosulfate
on the LDso of potassium cyanide in mice

NaNOj NS2S20 LDso values"
Experiment Air HBO* (s.c.) (a/kg) (i.p.) (g9/kg) (mgArg)
1 + 0 0 0 11.8
2 0 + 0 0 11.2
3 + 0 0.1 0 21.2
4 0 + 0.1 0 21.3
5 + 0 0 1.0 34.8
6 + 0 0 1.0 39.0
7 0 + 0.1 1.0 51.7
8 0 + 0.1 1.0 73.0

From ref. 72.
s.C., subcutaneous; i.p.. Intraperitoneal.

*HBO, 100% oxygen at 4 atmospheres (hyperbaric oxygen).
Each LDso value was obtained from five graded doses of KCN administered to five or more groups of ten

mice each; p < 0.05.
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Potency Ratio

KCN~NaNOj*NajSa0,

« , ' LDaa o< KCN with anttgonitt(»)
ency ra o q| KCN without antagoniilta)

FIG. 6.7. Effect of hyperbaric oxygen (4 ata),
oxygen, and air on the LDso of KCN. (From ref.
72.)

convert reduced cytochrome to oxidized cyto-
chrome, enabling the electron transport sys-
tem to function again. Oxygen (100%) should
be used routinely in patients with moderate to
severe symptoms, even if p02 is normal.
Hyperbaric oxygen has been proposed as a
treatment in cyanide toxicity, although evi-
dence supporting its use is inconclusive
(27,35,40). An animal study was conducted
using mice given potassium cyanide followed
by (a) nitrite and/or thiosulfate and (b) air and/
or oxygen (72). Oxygen was given under at-
mospheric conditions and at hyperbaric pres-
sures. Table 6.5 shows that oxygen at4 atmo-
spheric pressures reduces cyanide mortality in
mice (not given along with nitrite and thiosul-
fate). When oxygen at 1 atmospheric pressure
was compared with oxygen at 4 atmospheric
pressures (Fig. 6.7), there was no significant
difference between the two treatment groups.
Hyperbaric oxygen does not seem to have ad-
ditional benefits over 100% normobaric oxy-
gen in cyanide poisonings. It may be consid-
ered, however, in patients who do not respond
well to oxygen and the normal antidote (40).
Other antidotes used in Europe include
aminophenols, cobalt salts, and hydroxocobal-
amin. Cobalt compounds such as Kelocyanor
(dicobalt-EDTA) chelate cyanide but also can
produce severe hypertension and cardiac ar-
rhythmias (69). Hydroxocobalamin (vitamin
B|jJ combines with cyanide to form cyanoco-
balamin (vitamin B”) (57) and seems very
promising as an antidote (9,38,69).

CYANIDE. AND SULFIDE

SULFIDES

Sulftde poisonings usually follow exposure
to hydrogen sulfide (HjS), carbon disulfide
(CS2), or one of the mercaptans. These com-
pounds can produce systemic effects by inha-
lation or absorption through the skin.

Hydrogen sulfide is a colorless gas heavier
than air (sp. gr. 1.192). For this reason, it accu-
mulates in underground locations, such as
sewers and wells. This gas has a characteristic
odor of rotten eggs and is found wherever
putrefaction occurs. It is generated in several
industrial settings, including petroleum refin-
eries, tanneries, and rubber and rayon factories
(Table 6.6). Hydrogen sulfide has been the
cause of intoxication from liquid manure tanks
in agricultural settings and in rural latrines
connected directly to septic tanks (17,44,46).

Hydrogen sulfide is classified as a primary
irritant. When inhaled in high concentrations,
it produces toxic effects almost as rapidly as
does hydrocyanic acid (26,28). The threshold
limit value (TLV) (i.e., the amount of sub-
stance a worker can be exposed to for 8 hr a
day, 5 days a week) for hydrogen sulfide has
been set at 10 ppm. Inhalation of 2,000 ppm
can cause coma after a single breath and may
be fatal (63). A victim typically loses con-
sciousness without warning. The presence of
apnea is a serious prognostic sign. Once respi-
rations cease, spontaneous breathing does not
resume. Apnea is quickly followed by hypoxic
convulsions, cardiovascular collapse, and
death (59). The rapidity of poisoning is illus-
trated by the case study entitled, “ Dung Lung

TABLE ¢ .c. Sites of exposure of victims of
hydrogen sulfide poisoning*

%

Site (of all cases)
Gas plant 52
Pumping station 24
Oil rig 12
Sulfuric acid production 2
Oil refirrery 1
Sewer 1
Other 8

From ref. 12.
*Total number of victims, 221.
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Disease—Hydrogen  Sulfide Poisoning,”
which is included at the end of this chapter.

Carbon disulfide is a colorless liquid that
boils at 46°C but volatilizes at room tempera-
ture. In its pure state, it has a sweetish, aro-
matic odor, but most commercial grades smell
like decaying cabbage or radishes. It is used
as an insecticide, soil fumigant, and solvent
for lipids, sulfur, rubber, phosphorus, waxes,
and resins. Most exposures occur in industry,
where it is used in production of viscose rayon
fibers. The TLV for carbon disulfide has been
set at 20 ppm to prevent serious systemic ef-
fects, especially damage to the central and pe-
ripheral nervous systems. This value may be
lowered soon, perhaps to a low of I ppm.
The World Health Organization has stated that
over 20,000 workers are regularly exposed to
carbon disulfide (68).

Inhalation is the major route of toxic expo-
sure to carbon disulfide. Reports of skin con-
tamination or ingestion are rare.

Both ethyl and methyl mercaptans are toxic
flammable gases with a TLV 0f0.5 ppm. They
are used in production of jet fuels, plastics,
and pesticides. They smell extremely foul and
have been used in trace concentrations as
warning agents for propane, butane, and natu-
ral gases. Mercaptan odors can be detected
well below the concentrations necesstuy to
produce toxicity.

Sulfides are not generally viewed by the
public as being extremely toxic. This is proba-
bly the major reason that they are so hazard-
ous. Also, the olfactory responses are quickly
paralyzed when the gases are inhaled and the
victim often fails to recognize the danger.

Mechanism of Toxicity

Hydrogen sulfide toxicity manifests simi-
larly to hydrogen cyanide (i.e., inhibition of
cytochrome oxidase) (58). Therefore, it also
produces cellular hypoxia. In vitro experi-
ments have shown that sulfide is a more potent
enzyme inhibitor than cyanide (59). Also, the
hydrosulfide anion (HS~) forms a dissociable
complex with ferric heme groups to produce
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sulfmethemoglobin. Sulfmethemoglobin is
relatively nontoxic and is reduced to hemoglo-
bin by polysulfldes, thiosulfate, or sulfate. In
addition, hydrogen sulflde exerts a direct de-
pressant effect on all parts of the CNS, includ-
ing paralysis of the respiratory center. The
heart continues to beat for several minutes, so
artiflcial respiration with a mixture of oxygen
and carbon dioxide may be beneflcial, if given
quickly.

Carbon disulfide has greater affinity for the
CNS and the cardiovascular system than does
hydrogen sulfide. Damage to the cranial
nerves and peripheral neuropathies are preva-
lent in occupational exposures to carbon disul-
fide. Also, carbon disulfide poisoning may ac-
celerate the atherosclerotic process and thus
contribute to the onset of coronary heart dis-
ease. Recent epidemiologic studies of viscose
rayon workers have shown a two- to fivefold
increase in risk of coronary heart disease, as
compared to workers not exposed to carbon
disulfide (66).

Characteristics of Poisoning

In low concentrations, hydrogen sulfide is
relatively harmless except for its unpleasant
odor and irritation to the eyes, respiratory
tract, and gastrointestinal system. It produces
significant hyperpnea by direct chemostimula-
tion of the carotid body (30).

Exposure to levels of 50 ppm for 1 hr or
more can produce effects listed in Table 6.7.

TABLE 6.7. Effects of hydrogen
sulfide exposure

Exposure to 50 ppm HjS

for 1 hr or more
Exposure to >700

Mucous Respiratory ppm HjS
membranes tract (high concentration)
Conjunctivitis Rhinitis Respiratory collapse
Keratitis Tracheitis Sudden collapse
Photophobia Bronchitis Convulsions

Pneumonia Death
Pulmonary

edema
Greenish

cyanosis
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TABLE s .s. Effects of cartxm
disulfide exposure

Nervous system symptoms
Paresthesias
Unsteady gait
Dysphagia
Parkinson-like syndrome
Ocular changes
Corneal anesthesia
Decreased pupillary reflex
Nystagmus
Gastrointestinal disturbances
Chronic gastritis
Achlorhydria
Renal impisiirment
Albuminuria
Elevated BUN*

*BUN, blood urea nitrogen.

These may include acute conjunctivitis with
pain, lacrimation, and photophobia. Prolonged
exposure can cause irritation and inflamma-
tion of the mucosal membranes of the respira-
tory tract, culminating in pulmonary edema
and congestion. Inhalation of higher concen-
trations (greater than 700 ppm) results in in-
stantaneous paralysis of the entire nervous
system and can be rapidly fatal.

In deaths associated with hydrogen sulfide,
the viscera and brain may have a greenish blue
discoloration. This occurs as a result of tissue
decomposition of sulfur and hemoglobin (1).

Carbon disulfide intoxication can involve
all areas of the central and peripheral nervous
systems. Centrally, it produces damage to the
cranial nerves, caudate nucleus, and putamen.
In the periphery, carbon disulfide causes axo-
nal degeneration, which may be delayed in
producing symptoms. The peripheral neuropa-
thies can manifest as paresthesias, muscle
weakness in the extremities, unsteady gail or
dysphagia. In extreme cases of intoxication,
a Parkinson-like syndrome including tremors,
loss of memory, mental depression, speech
disturbances, and muscle twitches can occur.
Table 6.8 lists some other reported effects of
carbon disulfide exposure. Splashes of carbon
disulfide in the eyes cause immediate and se-
vere irritation and bums. Exposure of the skin
can produce dermatitis and vésiculation. Car-
bon disulfide is reported to be one of the most
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potent known skin irritants, causing third de-
gree bums within minutes (61).

Management of Poisoning

Since hydrogen sulfide produces toxic ef-
fects in a manner similar to that of hydrogen
cyanide, the same treatment procedure has
been proposed for hydrogen sulfide poison-
ings. This involves production of methemo-
globin with nitrites (63). Sulfide ions combine
with methemoglobin to form sulfmethemoglo-
bin, instead ofreacting with intracellular cyto-
chrome oxidase. The sulfmethemoglobin is
excreted through the kidney or gradually me-
tabolized to nontoxic products. The sodium
thiosulfate step is not required. Other treat-
ment is symptomatic and supportive.

There is still significant doubt that nitrite
therapy is beneficial. Animal studies have
shown that LDjo doses of sulfide salts are in-
creased when sodium nitrite is given immedi-
ately after exposure (25). However, once cyto-
chrome oxidase has been bound, even for a
short period, death is likely. To be effective,
nitrite therapy would have to be instituted be-
fore or immediately after exposure. Also, in-
duction of methemoglobin results in decreased
oxygen-carrying capacity of blood and in-
creases the chance for producing cellular
hypoxia.

Oxygen is usually considered to be benefi-
cial and, in some cases, is all that might be
necessary (49). Oxygen decreases the severity
of irritation to the eyes and lungs after hydro-
gen sulfide exposure.

For any sulfide, if exposure is not immedi-
ately fatal and adequate treatment is given,
recovery is probable (1).

SUMMARY

One of the important points presented in
this chapter is that poisoning by gases may
occur indiscreetly, with symptoms appearing
without prior warning. Risks should be
avoided when working in any environment
where these poisonous gases may be present.
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Also, quick assessment and management is
essential to prevent severe toxicity. This is
one class of toxicants for which antidotes are
available. However, they must be used under
medical supervision and, except for oxygen,
are not generally accessible at the site of
exposure.

Case Studies

CASE STUDIES: CARBON
MONOXIDE INHALATION

History: Case 1

On a cold night, a hibachi grill was used
by a husband and wife camping team to cook
their evening meal. After eating, the hibachi
was taken inside to heat their camping trailer.
The trailer was well insulated and closed,
since it was rather cool that evening.

During the night, the wife was awakened
with nausea and went to the bathroom to
vomit. There, she collapsed. Later she awak-
ened to find her husband in bed, dead. This
was the first time they had used the hibachi
inside the trailer to provide heat.

On autopsy, the husband’s COHb concen-
tration was 71%. Also, mitral valve damage
from a previous episode of rheumatic heart
disease was observed. (See ref. 76.)

History: Case 2

A family of five was spending a holiday
in a permanently positioned camping trailer.
After the evening meal they complained of
nausea, vomiting, and abdominal cramping. A
physician was summoned to the camper, who
diagnosed the malady as gastroenteritis, ap-
parently caused by something they ate. He
prescribed prochlorperazine for all members.
Approximately 30 hr later a neighboring
camper became suspicious when he saw one
of the curtains pulled from its mounting, after
no notice of activity around the area for the
past day. He looked inside the window and
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saw the father slumped on the floor. He imme-
diately called for help.

When investigators entered the camper,
three of the family members were dead (Fig.
6.8). Only one small window at the end was
slightly opened, near where the father lay. The
deceased family members had bright pinkish
skin. Survivors were unconscious and pale and
were hyperventilating when removed from the
camper to be taken to a hospital. Analysis of
blood samples from the survivors taken 4 hr
after removal revealed 30% COHDb in the
mother and 27% in the father. Blood, feces,
and gastric contents from all family members
and vomitus and food from the camper were
analyzed and found to be free of possible
causes of food poisoning.

Investigators learned that heating and cook-
ing were done with propane gas burned in a
gas stove. The flue had been altered so that
ventilation was poor. When the family was
found, the stove was not lit. Investigators lit
it as a test and measured the CO output
into the camper. The concentration quickly
reached toxic levels. (See ref. 32.)

History: Case 3

A 13-year-old boy was found unconscious
on the garage floor wedged between the car
and garage dcor. The car’s engine was not
running, and there were no noticeable exhaust
fumes. There did not seem to be open contain-
ers of gasoline, kerosene, or other volatile hy-
drocarbons sitting around. Previous to this in-
cident, the boy had been in excellent health,
and there were no reasons to suspect drug
abuse. He often worked on his motorbike in
the garage without experiencing difflculties.

He was admitted to the hospital in a coma.
His breathing, which was rapid and labored,
progressively worsened and required intuba-
tion. His pupils were equal and reactive, but
a few retinal hemorrhages were present. There
was no response to painful stimuli. Brief epi-
sodes of tonic contractions were periodically
noted.

Laboratory data shown in Table 6.9 were
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FIG. 6 .5.
in relation to heating source. (From ref. 32.)

obtained on admission and 13 hr after discov-
ery. The initial toxicology drug screen was
negative for barbiturates and salicylates. The
ECG showed sinus tachycardia, but computed
tomographic scans and X-ray films were nor-
mal. Carbon monoxide poisoning was sus-
pected. The patient’s hospital stay was marked
by anuria, pulmonary edema, ventricular
tachycardia, hyperkalemia, and hypocalcemia.

Treatment included sodium polystyrene sul-
fonate, glucose, insulin, and calcium gluco-
nate. Because of the elevated BUN (78 mg/
dL) and serum creatinine (6.0 mg/dL) values
on Day 6, peritoneal dialysis was started and
maintained for 21 days. The boy remained
intubated and dependent on a respirator for 11

TABLE 6.9. Laboratory findings after
poisoning by carbon monoxide

13 hr after

Blood test On admission discovery
Na* (mEq/L) 141 138
K* (mEq/L) 5.7 5.9
Cr (mEq/L) 90 100
HCO3 (mEq/L) 8 24
BUN (mg/dL) 28 42
Glucose (mg/dL) 155 183
Arterial pH 7.21 7.50
PO2 (mm Hg) 97 88
pC02 (mm Hg) 16 25
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Interior view of camping vehicle showing location of victims of carbon monoxide poisoning

days and was neurologically comatose for 12
days. The patient was then able to respond to
vocal commands. He could feed himself by
the 18th day, but it was not until the 21st day
that he could speak and state that he remem-
bered going into the garage to work on his
bike. His memory improved over the next S
weeks, and he was then able to move his lower
extremities.

He was transferred to a rehabilitation facil-
ity, where he remained for the next 14 weeks.
He made substantial progress and, at dis-
charge, was speaking normally, although he
had a poor ability to concentrate. He was able
to walk with the aid of a walker and braces.
(See ref. 79.)

Discussion

1. Inall three case studies, the fact that carbon
monoxide is a silent killer became evident.
What precautions should have been taken
to prevent exposure to CO?

2. In case 1, give a probable reason why the
woman was not as acutely affected by the
CO. Why did she not die? Why was she
not treated at an emergency room?

3. Comment on the role of the husband’s
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heart disease (from case 1) as a probable
factor in his susceptibility to CO poisoning.

4. Case 2 is a classic description of CO poi-
soning in several respects. First, all family
members developed profound symptoms
the evening before the incident. Neither
they nor the attending physician recog-
nized the symptoms as caused by CO. Sec-
ond, the stove had a faulty flue and emitted
a toxic concentration of CO into a small,
poorly ventilated living area. Assuming
that the camper was air-tight except for the
one window that was opened slightly, how
long do you think it would take to reach
a potentially lethal CO concentration in
the air?

5. Were the deceased family members in case
2 (two sons and a grandmother) those you
would have expected to die? State your
reasons for agreeing or disagreeing.

6. Describe the probable cause of the “pink
coloration” of the skin of the three fatali-
ties in case 2. Postulate whether the pro-
chlorperazine had an effect on the outcome
of this tragedy.

7. Comment on the possible use of hyperbaric
oxygen in case 3.

8. The victim in case 3 showed periods of
tonic contractions, even though he was co-
matose. Based on the information pre-
sented, what is the most likely cause of
these events?

CASE STUDY: FATAL CARBON
MONOXIDE POISONING
IN A MOTEL

History

A 60-year-old man (patient 1) was discov-
ered, dead, on the floor of his motel room.
His wife (patient 2) was lying across the bed,
comatose. She was transported to a local
hospital.

Upon admission, serum bicarbonate was
16.0 mEq/L; arterial blood gases: oxygen, 59
mm Hg; carbon dioxide, 24 mm Hg. Serum
pH was 7.31; oxygen saturation, 87.3%; and
carboxyhemoglobin, 35.3%.
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Upon autopsy, patient 1 displayed cherry-
red livor mortis. Postmortem catboxyhemo-
globin concentration was 90%.

In the motel room directly below the room
occupied by patients 1 and 2 (Fig. 6.9), an-
other couple (patients 3 and 4) slept through
the day even though they had intended to
check out earlier that morning. Patient 3 was
a 65-year-old woman who later reported that
she had awakened several times during the
day but had been too weak to request assis-
tance until late that day when she was finally
able to telephone a relative for help. Twenty
minutes later the relative and a security officer
entered the room and removed the couple.
Both patients survived.

Later that night (about 10.5 hr after the body
of patient 1 had been discovered), a search
of other guest rooms was undertaken. A fifth
victim (patient 5), a 44-year-old man, was
found comatose in a room adjacent to the
room where patient 1 had died. At this point
the motel was evacuated of all guests.

The three rooms occupied by the five vic-
tims were located close to a room containing
a gas-fired water heater and purification sys-
tem for the motel’s swimming pool. The
source of the carbon monoxide was the pool
heaters, which were exhausted passively
through vents on the roof. It was determined
that, when the motel room doors were closed,
there was a backdraft into the vents and that
the room air-conditioning units pulled the gas
into the three rooms through structural defects
in the walls. In fact, patient 1 was a heavy
smoker and his wife had set the room air con-
ditioner to “high” to clear the air in the room.
(See ref. 75.)

Discussion

1. Comment on why you think patient 1 died
and his wife survived. Both breathed air
containing the same concentration of car-
bon monoxide.

2. Patient 1 had a much higher blood carboxy-
hemoglobin concentration than his wife,
even though both occupied the same room.
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FIG. 6.9. Arrangement of affected rooms in motel. Room on the lower right contained the source

of CO. (From ref. 75.)

What do you think contributed to this dif-
ference?

CASE STUDY: INTOXICATION
FROM METHYLENE CHLORIDE

History

Four patients were transported to an emer-
gency department (ED) at a local hospital after
inhalation of methylene chloride for an un-
known period. Patients 1 and 2 were working
in an enclosed space where the substance was
being used as a paint stripper. Patients 3 and
4 were rescuers.

Patient 1 was a 29-year-old man. Upon ad-
mission, he was in asystole without evidence
of trauma. He was noted to have areas of pur-
ple discoloration or lividity on his forehead
and left hand. There was no evidence of skin
blistering. An endotracheal tube was placed

and advanced life support started. The patient
did not respond and was pronounced dead IS
min after admission. Arterial blood gases are
shown in Table 6.10.

Patient 2 was a 32-year-old man who was
found unconscious in the room with patient 1.
Paramedics initially reported him in pulseless
idioventricular rhythm (rate 40 beats/min). He
failed to respond to prehospital cardiopulmo-
nary resuscitation.

Upon admission, he was pulseless and ap-
neic and had fine ventricular fibrillation. He
was noted to have purple discoloration on the
forehead and right arm, without other evi-
dence of injury. Urine drug screen was posi-
tive for cocaine and ethanol.

Treatment consisted of cardiac dehbrilla-
tion and routine pharmacologic agents includ-
ing epinephrine. Cardiac rhythm changed
from fine ventricular fibrillation to asystole to
electrical-mechanical dissociation to idioven-
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TABLE 6.10. Arterial blood gases ofpatients poisoned by methylene chloride

FIO1

Patient Time (%) pH
1 2200 100 6.48
2 2/2 2206 100 6.72
2228 100 6.66

2248 100 6.78

2/3 0008 100 7.09
0054 50 711
0132 50 714

0230 40 716
0408 40 717
0517 40 7.26
0627 40 7.30

0705 50 7.31
0900 50 7.35

1445 50 7.31

2200 50 7.24

32/2 2230 100 7.40
2/3 0055 100 7.38
4 2/2 2345 100 7.40
2/3 0200 100 —

From ref. 39.
Fl02, fraction of inspired oxygen; Ht>CO, cartwxyhe

tricular thythm with a rate of 80/min. Blood
pressure was 90 mm Hg (palpable) systolic
after 19 min in the ED. A total of 6 mg epi-
nephrine and 2 mg atropine along with dopa-
mine was administered during the resuscita-
tion. Vital signs stabilized, and the patient was
transferred to the intensive care unit. At no
time did the patient awaken or breathe sponta-
neously.

In the intensive care unit, the patient re-
mained unresponsive and required continued
mechanical ventilation. Arterial blood gases
(Table 6.10) showed gradual improvement of
respiratory and metabolic acidosis with con-
trolled respirations on the ventilator and the
administration of sodium bicarbonate. Car-
boxyhemoglobin concentrations were low ini-
tially (0% to 2%) but increased to a maximum
of 8% at 8 hr after administration.

The patient showed no evidence of electro-
encephalogram activity in the brainstem at 18
hr after admission. He required dopamine and
mechanical ventilation to maintain the blood
pressure and respiration status and showed no
signs of neurologic recovery. His condition
gradually deteriorated, and he died on the 4th
hospital day.

pCOj pOa HbCO HCO3
(mm Hg) (mm Hg) (%) (mm/L)
129 16 8 9
118 34 2 15
72 270 0 8
54 200 4 8
42 349 4 12
46 166 4 14
49 105 2 16
47 91 2 16
50 7 4 18
50 76 6 22
43 55 6 21
42 74 8 21
35 66 7 19
33 61 6 16
37 55 2 15
38 280 5 -
39 193 3 22
32 408 2 -
— — 2 —
moglobin.

Patient 3 was a 38-year-old male security
guard who helped remove the two victims
from the area of exposure. He performed
mouth-to-mouth resuscitation on patient 1. He
was given 100% oxygen at the scene. He com-
plained of nausea and light-headedness and
had three episodes of nonbloody emesis be-
fore arrival at the ED.

His physical examination was unremark-
able. Arterial blood gases are shown in Table
6.10. He was discharged after 1.S hr of obser-
vation. On follow-up examination 2 weeks
later, he continued to complain of persistent
headache and dizziness.

Patient 4 was a 24-year-old female security
guard who helped remove patients 1 and 2
from the site. She subsequently spent 45 min
in the hallway where the solvent odor was
detectable.

She was asymptomatic for approximately 1
hr, when she developed slight dizziness, nau-
sea, and belching, all of which resolved over
20 min. Physical examination was unremark-
able. Arterial blood gases are listed in Ta-
ble 6.10.

She was given 100% oxygen for 3 hr and
then discharged to home. On follow-up exami-
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nation 2 weeks later, she complained of inter-
mittent headaches, nausea, and abdominal
pain. (See ref. 39.)

Discussion

1. Carboxyhemoglobin concentrations in pa-
tient 2 increased over time, even though he
was not continuously reexposed to methyl-
ene chloride at the time. What was the
probable reason?

2. Patients 1 and 2 showed areas of purple
discoloration on their body. Explain what
these might have been.

3. Patients 3 and 4 continued to report symp-
toms at their 2-week follow-up examina-
tion. Would you expect this to occur as a
typical outcome of exposure to methylene
chloride?

CASE STUDIES: CYANIDE
POISONING

History: Case 1

A 21-year-old man was admitted to an emer-
gency facility unconscious, cyanotic, and with
evidence of previous vomiting. Blood pressure
was 168/112 nun Hg; pulse, 68 beats/min; and
respirations (gasping), 24/min. A routine toxi-
cology laboratory analysis on samples of blood
and stomach contents was negative. Laboratory
results are listed in Table 6.11. Pulmonary
edema and lactic acidosis were characteristic
throughout the clinical course.

The patient was ventilated and given 80%
oxygen and intravenous fluids, including so-
dium bicarbonate and potassium chloride. Di-
uresis was initiated with furosemide. Nine
hours postadmission, it was discovered that
he had ingested potassium cyanide. Because
at least 10 hr had elapsed since ingestion,
treatment with sodium nitrite and sodium thio-
sulfate was not undertaken. Blood cyanide
concentrations are listed in Table 6.11. In ad-
dition, the following ketoacids were elevated:
beta-hydroxybutyrate, 1.2 mEg/L (normal,
0.6); acetoacetic acid, 1.6 mEq/L (normal.
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TABLE 6.11. Laij)oratory findings In two cases

of cyanide poisoning
Measurement Case 1* Case 2*
Amount of cyanide
ingested 600 mg Unknown
Respirations/min 24 20 (gasping)
Anion gap (mEg/L) 35 38
BUN (mg/dL) 21 9
Giucose (mg/dL) 245 313
PO2 (mm Hg) 115 139
pCOz (mm Hg) 12 "
HCO” (mEq/L) 5.6 —
pH 7.27 7.32
CN (M}/nnL) 12 hr = 2.0 7.32
22 hr = 1.6
84 hr= 1.2

* From ref. 24.
* From ref. 69.

0.8); and lactic acid, 3.3 mEq/L (normal, 0.8).
Also, note the high anion gap.

After recovery, the patient stated that he
had ingested approximately 600 mg potassium
cyanide. This means that he had been exposed
to 3 to 6 times the lethal dose. Within S days,
his chest X-ray flIndings were normal. He was
discharged on the 9th day. (See ref. 24.)

History: Case 2

A 31-year-old male biochemist, with a pre-
vious history of alcohol abuse, was found co-
matose by his wife. She had last seen him
awake about 1 hr earlier. He had been under-
going treatment for hypertension and an ulcer
but otherwise was in good health. It was not
revealed until 6 hr after admission that he had
ingested an unknown quantity of potassium
cyanide from his laboratory.

Laboratory values for this patient are also
reported in Table 6.11. A routine toxicology
drug screen was negative, although his blood
alcohol concentration was 290 mg/dL.

The patient was given 0.4 mg naloxone (Nar-
can), but no improvement was shown. Gasoic
lavage was performed. Supportive treatment
was continued, including 40% oxygen and
forced diuresis with S% dextrose in half-normal
saline (D5NS). Three hours later, he was fully
responsive, and 6 hr after admission he admit-
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ted ingesting a quantity of cyanide. The Cya-
nide Antidote Package was not used because of
the long interval after ingestion, his continued
stability, and the improvement of his clinical
condition. The remainder of his clinical course
was unremarkable. (See ref. 69).

Discussion

1 In case 1, gasping for air was noted. What
is the pathophysiologic reason for this?

2. The patient in case 1 ingested more than
the lethal dose of cyanide but survived.
What is the most likely reason for his sur-
vival?

3. Neither patient was treated with nitrite and
thiosulfate, even after the nature of their
intoxication was determined. Why not?

4. What is the inechanisni of cyanide-induced
toxicity? Did either victim present with
typical signs and symptoms associated
with cyanide toxicity?

5. Explain the elevated anion gap in these
patients.

CASE STUDY; HYDROGEN
SULFIDE INTOXICATION

History

A 45-year-old man was overcome by fumes
from a drain trap to which he was adding sul-
furic acid (90%). The sink was located in a
small basement cubicle of a hospital, which
was used to prepare plaster casts. The drain
had not been previously cleaned because of
its high sludge content. Three other workers
and a physician were less seriously affected
when attempting to remove him from the area.

The man inhaled fumes for 2 or 3 min be-
fore being removed to fresh air. After expo-
sure he was apneic, cyanotic, and comatose,
and he displayed generalized tremors. Labora-
tory results listed in Table 6.12 were obtained.
Poisoning by hydrogen sulfide was strongly
suspected because of its strong odor.

Initial treatment consisted of sodium bicar-
bonate (44 mEq) and 100% oxygen. Five amyl
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TABLE 6.12. Laboratory findings after
poisoning by hydrogen sulfide

HCOi IS mEq/L

K* 3.4 mEq/L

Na* 152 mEq/L

cr 10B mEq/L

Anion gap 29

Sulfhdmoglobin 7.9% (normal <0.5%)

Blood gases (mm Hg) pOj pCOj pH
Initial 127 26 7.27
After treatment with

100% Oj 270 32 7.30

From ref. 40.

nitrite ampules were broken over his airway
during a 10- to IS-min period. He was given
300 mg of sodium nitrite and 12.5 g of sodium
thiosulfate. He was also given dexamethasone
(20 mg) and diazepam (15 mg), in divided
doses. After 3 to 4 hr, the patient was able to
breathe on his own, and after several more
hours most symptoms disappeared except for
headache and chest pains. (See ref. 48.)

Discussion

1. It was later discovered that sulfuric acid
had been added to a drain blocked by cal-
cium sulfide sludge, which had been pro-
duced by bacterial action on the plaster.
The acid caused release of hydrogen sulfide
gas. Discuss why the worker may not have
smelled this gas, even though other persons
who entered the room afterward were able
to detect it. What is the characteristic odor?

2. How was acidosis produced from this toxic
exposure?

3. What was the purpose of using amyl nitrite/
sodium nitrite and sodium thiosulfate in
treating this case?

4. Why did symptoms of headache and chest
pains persist in this patient?

CASE STUDY; DUNG LUNG
DISEASE—HYDROGEN
SULFIDE POISONING

History

One day on a rural dairy farm, a cow kicked
the lid to a large underground liquid manure



130

tank into the tank. The farmer had gone into
the tank before without incident, so he drained
the manure to about a foot in depth and de-
scended into the tank to retrieve the lid. Inside
for only a few seconds, the farmer fell uncon-
scious. His two sons sensed the emergency
and entered to assist him. One immediately
collapsed and fell face-up; the other escaped
quickly to summon help. The county sheriff
and village barber responded.

The barber entered the tank, lifted the still-
gasping boy and then fell, unconscious. The
sheriff entered to the rescue, but he, too, lost
consciousness and fell.

The village ambulance arrived, and an
emergency medical technician (EMT) entered
the tank and quickly succumbed. Another
technician (working swiftly and probably
holding his breath!) entered the tank, tied a
rope around the other technician’s chest, and
pulled him out. The first technician recovered
rapidly and without further incident. Mean-
while, the barber was brought out of the tank
by a fireman wearing a self-contained breath-
ing apparatus. He was given cardiopulmonary
resuscitation and survived. The barber did
vomit a copious quantity of liquid manure.
The farmer, his son, and the sheriff were soon
removed by the protected fireman. Each was
pronounced dead at the site.

The barber, age 41 years, was transported
to a respiratory intensive care center. He was
given 100% oxygen and required mechanical
ventilation. On admission, his vital signs/
symptoms were: blood pressure, 108/90 mm
Hg (during dopamine administration); pulse,
155 beats/min; and rectal temperature, 38.5“C.
He had intensive respiratory and cardiovascu-
lar distress. Blood pH was 7.31.

Treatment consisted of continuing oxygen
for the next 10 hr. He received intravenous
fluids, gentamicin, and clindamycin. Two
days later, he did not have a fever or firm
evidence of infection, and the antibiotics were
discontinued. On the 4th hospital day, he de-
veloped a rectal temperature of 39.5®C. A
gram stain of tracheal secretions disclosed
multiple infectious pathogens, including Kleb-
siella pneumoniae, Proteus mirabilis, Esche-
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richia coli, and Pseudomonas aeruginosa.
Therapy was started with amikacin and ticar-
ciilin.

By 2 weeks after the accident, chest X-ray
films showed marked improvement with re-
turn of functions. By 6 weeks the barber re-
turned to work and resumed jogging.

An autopsy was performed on the farmer,
son, and sheriff. The farmer and sheriff suf-
fered massive aspiration ofliquid manure. The
son did not. All three had significant blood
sulfide concentrations: farmer, 5.0 mg/L; sher-
iff, 3.6 mg/L; and son, 0.8 mg/L. (Normal
control concentrations are less than 0.05 mg/
L). (See ref. 46.)

Discussion

1. Discuss the sequence of biochemical
events that led to the deaths of these three
victims.

2. Autopsy reports did not mention the
pathognomonic sign that is characteristic
for sulfide intoxication that usually in-
volves the visceral and brain tissues. As-
suming the victims did display this sign,
how would these tissues have appeared?

3. Why was each person who went into the
tank not able to smell hydrogen sulfide and
thus avoid it?

4. Why did the son not experience aspiration
pneumonia, while his father and the sheriff
did?

Review Questions

1. Which of the following produces cyano-
methemoglobin?
A. Hydrogen sulfide
B. Cyanide
C. Methane
D. Methylene chloride

2. Carbon monoxide exposure is more likely
to produce toxicity in which of the follow-
ing: athletes (I), geriatrics (II), infants
(in)?
A. T only
B. II only
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C. Il only

D. II and III only

. Which of the following is a specific anti-
dote for CO poisoning: oxygen (I), so-
dium nitrite (II), sodium thiosulfate (III)?
A. Tonly

B. II only

C. Il only

D. II and III only

. Which of the following is a pathogno-
monic sign for CO poisoning?

A. Bitter almond odor

B. CTherry-red discoloration

C. Blue-green discoloration

D. Rotten egg odor

. The binding affinity of hemoglobin with
CO compared to its affinity with oxygen
is:

A. One-fourth as great

B. Approximately the same

C. About 100 times greater

D. More than 200 times greater

. All of the following cause the oxyhemo-
globin dissociation curve to shift to the
left except:

A. Carbon monoxide

B. Methemoglobin

C. Cyanide

D. Oxygen

. Smoking two packs of cigarettes per day
will produce CO blood concentrations
that are closest to:

A. 1% to 2%

B. 3% to 4%

C. 7% to 8%

D. 10% to 12%
. Although cyanide possesses affinity for

binding to a number of different enzyme
systems, it has strongest affinity for which
of the following systems?

A. Sulfur transferase

B. Carboxyhemoglobin reductase

C. Cytochrome oxidase

D. Acetylcholine esterase

. Which of the following is a true state-

ment?
A. Hydrogen sulfide produces cellular

hypoxia by reacting with sulfur trans-
ferase (rhodanese) enzyme.

10.

11

12.

13.

14.
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B. Hydrosulfide ions readily combine
with hemoglobin.

C. Carbon disulfide has a greater affinity
for the CNS than does hydrogen sul-
fide.

D. After death by hydrogen sulfide poi-
soning, the brain will appear dark red
in color.

Referring to Fig. 6.1 (the oxyhemoglobin

dissociation curve), when CO binds to he-

moglobin, which of the following is true?

A. The amount of oxygen available to tis-
sues is reduced.

B. The oxyhemoglobin dissociation curve
shifts to the right

C. The percentage of oxygen saturation
increases.

D. The oxyhemoglobin curve becomes
sigmoid.

Cyanide is more tightly bound to iron in

which of its valence states?

A. Fe"™

B. Fe’*

Hydrogen cyanide exerts its toxic effects

via:

A. Direct inhibition of cellular utilization
of oxygen

B. Prevention of adequate oxygenation
alone

C. Combination with hemoglobin

D. Production of overt pulmonary edema

E. Medullary depression

Symptoms of cyanide toxicity include

which of the following: headache (I), hy-

perpnea (II), or convulsions (III)?

I only

Il only

I and II only

II and III only

. I, 1L, and 1T

Which of the following is an antidote for

carbon monoxide poisoning: sodium ni-

trite (I), sodium thiosulfate (II), or oxygen

(I1m)?

II only

I1I only

1 and II only

II and III only

L 11, and III

MO0 W

moOw>
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15.

16.

17.

18.

19.

20.
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The proper sequence of therapy for treat-

ing cyanide is:

A. Ventilate with oxygen; amyl nitrite;
sodium nitrite; sodium thiosulfate

B. Amyl nitrite; sodium nitrite; oxygen;
sodium thiosulfate

C. Sodium thiosulfate; oxygen; amyl ni-
trite; sodium nitrite

D. Oxygen; sodium thiosulfate; amyl ni-
trite; sodium nitrite

E. Sodium nitrite; amyl nitrite; oxygen;
sodium thiosulfate

A farmer who has been seriously intoxi-

cated by fumes from his liquid manure

tank is most likely suffering from poison-

ing by:

A. Methane gas

B. Carbon monoxide

C. Hydrogen cyanide

D. Hydrogen sulfide

Upon metabolism, which of the following

can produce significant concentrations of

carboxyhemoglobin?

A. Methylene chloride

B. Amygdalin

C. Laetrile

D. All of the above

E. Only two of the above

Which of the following best describes

signs/symptoms of cyanide intoxication?

A. Rapid fall ofblood pressure with arte-
rial blood that dries to a chocolate-
brown color

B. Severe diarrhea and abdominal pain
and metabolic acidosis

C. Depressed reflexes with flaccid paral-

ysis and hyperthermia

Increased respiratory rate, odor of rot-

ten eggs on breath, and dyspnea

E. None of the above

The half-life of carboxyhemoglobin in

room air is 5 to 6 hr. Ifthe patient receives

100% oxygen, the half-life will be:

A. 9to 10 hr

B. 30 min

C. 90 min

D. Unchanged

To what substance does the term silent

killer refer, and why is it used?

D.
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22.

23.

24.

25.

26.

27.

28.

-

Discuss the physiologic barriers that nor-
mally prevent airborne particles firom en-
tering the lungs.

Infants are more susceptible than adults to
the toxic effects of CO. Cite the reasons.
Carbon monoxide causes a characteristic
discoloration of the skin. State the color
and discuss why it appears.

What is meant by the term hyperbaric
oxygen? At what carboxyhemoglobin
blood concentration is hyperbaric oxygen
recommended?

The blood normally has a low concentra-
tion of CO always present. What is this
concentration, and what is its source?
Treatment of cyanide poisoning involves
two primary steps. Name them, and spec-
ify the precise purpose of each step.
Oxygen is not a specific antidote for cya-
nide intoxication, although it may be ad-
ministered. Cite the specific reasons why
oxygen may be of benefit.

Prepare a chart listing methemoglobin-
emia (chapter 5), cyanide, and sulfide at
the top and compare and contrast these
with respect to the following:

binding to heme (Fe"*)

binding to cytochrome A3 (Fe’*)
arterial blood chocolate brown
venous blood retains bright red color
response to methylene blue

response to oxygen

response to cyanide antidote kit

QmmIOwp
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HYDROCARBON POISONING
Classification of Hydrocarbons

Hydrocarbons comprise a broad group of or-
ganic compounds that contain only hydrogen
and carbon. They may be divided into two
large categories: aliphatic (straight chain) or
aromatic (benzene ring) compounds. Another
group, which is of great toxicologic signifi-
cance, consists of halogenated aliphatic and
arpmatic hydrocarbons. Some of these are dis-
cussed in this chapter; others, such as organo-
chlorine insecticides, are described in other
chapters. Hydrocarbons commonly encoun-
tered in acute poisonings consist of a mixture
of saturated and unsaturated, aliphatic, ali-
cyclic, or aromatic compounds and are usually
distillates of crude oil, coal tar, and pine wood.
Examples of each of these groups are pre-
sented in Table 7.1.

Characteristics of Hydrocarbons

Each hydrocarbon has unique characteris-
tics, including molecular weight, volatility,
surface tension, and viscosity. Surface tension
refers to cohesiveness of molecules on a lig-
uid's surface. Volatility is the tendency of a
liquid to change into a gas or vapor. The most
volatile hydrocaihons are low-molecular-
weight (C| to Cs) gases and are asphyxiants.
Aromatic hydrocarbons, such as benzene, tol-
uene. and xylene, are also volatile and well
absorbed from the GI tract. They can produce
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TABLE 7.1. Hydrocarbon classification

Aliphatic
Oases— methane, propane, butane
Uquicts— hexane, octane, etc.
W axes— paraffins
Aromatics
Benzene, toluene, xylene, styrene, vinyl chloride
Halogenated
Aliphatic— chloroform, carbon tetrachloride,
methylene chloride
Aromatic— DDT,* chlordane, lindane,
p-dichlorobenzene, polychlorinated biphenyls
Petroleum distillates
Petroleum ether (benzine), gasoline, naphtha
kerosene, fuel oil, lubricating oil, paraffin,
asphalt
Distillates of pine wood
Turpentine
Distillates of coal tar
Benzene, cumene, toluene, xylene

*DDT, dichlorodiphenyltrichloroelhane.

significant systemic toxicity if absorbed.
Some petroleum distillates, including naphtha,
gasoline, and petroleum ether (benzine), are
highly volatile but generally poorly absorbed
after ingestion. Inhalation of their fumes may
cause CNS depression.

Viscosity is defined as the resistance of a
substance to flow over a surface and is mea-
sured in Saybolt seconds universal (SSU)
units. Hydrocarbons with viscosity values be-
low 45 SSU units have high aspiration risk,
whereas those with a viscosity value greater
than 100 SSU have a low aspiration poten-
tial (8).

Both volatility and viscosity are associated
with hydrocarbon toxicity. Viscosity is the
single most important index related to aspira-
tion hazard (8).

Mechanism of Toxicity

The two most common routes of exposure
for hydrocarbons are inhalation and ingestion.
Ingestion is the more common route of expo-
sure encountered in acute accidental hydrocar-
bon poisonings. When ingested, hydrocarbons
produce toxic effects at several sites including
the pulmonary, CNS, gastrointestinal, hepatic,
and cardiovascular systems. Among these, the
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most serious damage occurs to the pulmonary
system. Aspiration pneumonitis is the greatest
cause of morbidity and mortality with these
compounds (6). Halogenated hydrocarbons,
particularly those containing fluorine, sensi-
tize the heart to catecholamines and induce
arrhythmias in susceptible individuals (14).

PETROLEUM DISTILLATES
AND TURPENTINE

Incidence of Poisoning

Although petroleum distillate ingestions in-
volve a relatively small number of poisonings
(reported to be approximately 7% of all cases),
they do constitute a major cause of hospital-
ization of victims (21). Liquid products are
more frequently encountered as causes of poi-
soning and include lubricants, mineral seal oil
(in furniture polishes), fuels, cigarette and
charcoal lighter fluids, solvents, paint and var-
nish thinners, and paint removers. Gasoline
sniffing as a means of intentional abuse has
been shown to cause toxicity (4,15,22).

Petroleum distillates are often stored in un-
marked bottles or other common, unlabeled
containers in the home or workplace. This puts
them within easy reach of unsuspecting chil-
dren who mistake them for something more
palatable (13). Also, the ubiquitous nature of
many household substances, such as lemon-
or pine-scented furniture polish, room deodor-
ants, and attractively colored and packaged
cleaning aids, may invite more than a passing
glance by a curious child. Table 7.2 lists some
of the means by which children have been
exposed to kerosene and illustrates the imagi-
native nature of children.

One of the major sources of petroleum dis-
tillate poisoning in adults is gasoline si-
phoning, resulting in pulmonary aspiration.
During the world oil embargo of 1973 and
other periods of gasoline shortages, reported
instances of petroleum distillate poisonings
increased. '

Not all petroleum distillates are aspiration
risks. Highly viscous substances (painL glues.
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TABLE 7.2. Means by which
children ingest kerosene

Sniffed from a 30-galion drum from which the top
was missing.

Drank from a coffee can used to catch drippings
from a leaky fuel line connected to an oil stove.
Drank from a can in the woodshed used for soaking

paint brushes.
Drank from a cup left on the kitchen table by
mother, who was treating the child for nits (lice

eggs).
Sucked from an open vent pipe of an oil stove.
Drank from soda bottle left on kitchen floor.
Dipped fingers into the fuel container of an oil stove
and sucked them about 30 min.
Drank from a can of fluid used to start fires.

From ref. 7.

asphalt, rubber cement, etc.) pose little sig-
nificant hazard of aspiration. Obstruction
would be of greater concern after the ingestion
of highly viscous products.

On the other hand, compounds with low
viscosity and high volatility, such as gasoline,
kerosene, and lighter fluid, can spread over
mucosal surfaces easily and rapidly. Their risk
for aspiration is great. Table 7.3 illustrates
some common petroleum distillates listed by
decreasing order of volatility and increasing
order of viscosity.

Pathogenesis

The major target organs affected by petro-
leum distillates include the gastrointestinal,
respiratory, and central nervous systems. Pe-
troleum distillates produce gastrointestinal ir-
ritation and burning, often resulting in emesis
and the risk of aspiration.

In the past, CNS depression was believed
to be a serious complication of petroleum dis-
tillate ingestion. Therefore, the recommenda-
tion was to remove any ingested petroleum
distillate quickly by emesis or gastric lavage.
However, CNS depression occurs in fewer
than 30% of patients who have ingested a pe-
troleum distillate (18). In fact, it is not clear
whether CNS involvement after hydrocarbon
ingestion is due to a direct effect on the CNS
or occurs secondary to hypoxic cerebral dam-
age resulting from chemical-induced pneumo-
nitis (13,30). Animal studies have demon-
strated that kerosene is absorbed from the
stomach only in small amounts (17,26,29).

Mann et al. (17) administered kerosene ra-
diolabeled with “H-toluene or '*C-hexadecane
to primates to study gastrointestinal uptake
and tissue distribution. Only small amounts
were detected in tissues, including brain.

TABLE 7.3. Petroieum distillates

Hydrocarbon Synonyms

Low viscosity

Hydrocarbon composition

Benzin (benzine)
Gasoline

Naphtha

VM&P naphthas
Kerosene

Mineral seal oil

High viscosity
Lubricating oil

Diesel oil
Fuel oil

Petrolatum
Paraffin
Asphalt

Petroleum ether

Lighter fuel

Racing fuel

Mineral spirits
Home heating oil #1
Kerosene

Signal oil

Red furniture polish

Household oil

Auto engine oil
Diesel fuel

Home heating oil #2
Gas oil

Petroleum jelly

Wax

Bitumen

Mineral pitch

Low boiling point fractions (Cs-Ce)
Aliphatic (Cs-C,2)
Aromatic (xylenes)
Aliphatic (C5-C13)

Aliphatic (C7-C 10)
Aliphatic (Cio-Cis)
Aromatic (xylenes, naphthalenes)
Aliphatic (over Cjo)

Aliphatic (over Cis)

Aromatic, polyaromatic

Complex mixture, aromatic (over Cu)
Complex mixture (over Cg)

Saturated, aliphatic (Ci4-C,s)

Saturated, aliphatic (C20-C 3:)

Complex mixture of high-molecular-weight hydrocarbons.
aromatic
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heart, lung, liver, and kidney. They also
showed that aromatic hydrocaitx>ns are ab-
sorbed to greater degree than are aliphatic hy-
drocarbons. However, the amount absorbed is
not sufficient to be directly responsible for
CNS toxicity, except for the ingestion of large
quantities (> 15 mL/kg) of highly volatile aro-
matic hydrocarbons. They concluded that
CNS manifestations associated with acute pe-
troleum distillate ingestion result from hyp-
oxia and acidosis, not systemic absorption
(17,28).

From a chemical standpoint, such highly
volatile hydrocarbons as gasoline, benzene,
toluene, turpentine, and xylene are associated
with greater risk of CNS toxicity because of
their high lipid solubility. However, large
amounts need to be swallowed and absorbed
to produce significant CNS effects. These
products have a disagreeable taste and, conse-
quently, large volumes are rarely ingested. Al-
though the precise amounts of petroleum dis-
tillate ingested are difficult to document, most
children drink less than 30 mL (1,21).

The most serious and potentially lethal
complication of petroleum distillate ingestion
is the development of chemical pneumonitis
(6,13). Pulmonary toxicity is primarily related
to the aspiration of hydrocarbons during or
afier ingestion and vomiting (30).

Another controversy over the years has
been whether hydrocarbons that are absorbed
from the gastrointestinal tract reach the lung
in sufficient concentration to produce direct
toxicity. Several studies support the theory
that pulmonary damage results from pulmo-
nary aspiration of hydrocarbons and not from
gastrointestinal absorption.

First, animal experimentation shows that, if
a sublethal dose of kerosene is placed directly
into the stomach, with the esophagus ligated
to block the hydrocarbon mechanically from
coming into contact with the trachea, little or
no pulmonary damage occurs (11,17,26,29).

In a study by Dice et. al. (S), kerosene (20
mL/kg) was administered intragastrically in
dogs that were protected from aspiration by
esophageal transection and ligation. No clini-
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cal, radiographic, or histologic evidence of
pulmonary abnormality was noted.

The second line of evidence is based on
another series of animal studies by Gerarde
t8). He showed that the LDjo ratio of oral-to-
intratracheal instillation of kerosene is 140:1
and concluded that large quantities (amounts
in excess of 100 mL) must be swallowed to
allow the significant gastric absorption that
would induce pulmonary damage. Most vic-
tims, especially children, whose volume of a
swallow is estimated to be 4 to 5 mL, do not
ingest such large quantities (1,12,21). Addi-
tionally, the time of onset of pathologic
changes in the lung is too rapid and suggests
that the pulmonary toxicity is caused by aspi-
ration rather than absorption (8). Furthermore,
studies have demonstrated that hydrocarbon-
induced tissue damage was dependent on the
site of administration. For example, ifa hydro-
carbon is injected into the portal vein, liver
toxicity results; intratracheal administration
causes significant pulmonary damage (2,28).

Overwhelming evidence supports the con-
clusion that lung damage after petroleum dis-
tillate ingestion does not result from gastroin-
testinal absorption, but is the result of
pulmonary aspiration.

The physicochemical properties of hydro-
carbons are also important factors responsible
for the increased incidence of aspiration
among certain hydrocarbons. From Gerarde’s
animal studies (8), the risk of aspiration and
lung damage is directly proportional to volatil-
ity and indirectly related to surface tension
and low viscosity. That is, hydrocarbons that
are most likely to be aspirated are highly vola-
tile and have low surface tension and viscos-
ity. These properties permit the hydrocarbon
to “creep” up the wall of the esophagus and
enter the trachea. Hydrocarbons are also gas-
tric irritants, and spontaneous vomiting some-
times occurs, during which there is greater
chance for entry into the trachea (see chap-
ter 3).

Characteristics of Poisoning

A variety of organ systems are affected by
hydrocarbon toxicity. Symptoms are generally
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TABLE 7.4. Characteristics
of hydrocarbon poisoning

Petroleum distillates and turpentine
Acute (inhalation, ingestion)
Gl—Nausea, vomiting, burning sensation
Odor on breath
Respiratory—Cough, shortness of breath,
tachypnea, dyspnea, pulmonary edema,
aspiration pneumonitis
CNS—Dizziness, depressed reflexes,
unconsciousness, convulsions
Chronic (inhalation)
Dizziness, anemia, weakness, weight loss,
peripheral numbness, paresthesias
Arontatic hydrocarbons
Acute (inhalation, ingestion)
Gl—Burning, vomiting, salivation
Respiratory—Cough, aspiration pneumonitis
CNS—Euphoria, dizziness, tremors, motor
restlessness, hyperactive reflexes, violent
excitement
Chronic (inhalation, solvent sniffers)
Gl-Anorexia, vomiting
CVS—Arrhythmias
Blood—Anemia, bone marrow depression

Gl, gastrointestinal; CNS, central nervous system,;
CVS, cardiovascular system.

similar regardless of the hydrocarbon ingested
(24). Clinical manifestations of petroleum dis-
tillates, turpentine, and aromatic hydrocarbon
poisoning are listed in Table 7.4. After acute
ingestion, the most outstanding manifestations
are CNS depression and chemical-induced
pneumonitis.

Central nervous system symptoms may in-
clude lethargy, generalized weakness, dizzi-
ness, mental confusion, irritability, con-
vulsions, and coma (30). Severe CNS
involvement is not usually common. Although
CNS symptoms were reported by Press (21)
to occur in 91% of hydrocarbon poisonings,
most patients experienced little more than
lethargy. Another 5% were semicomatose, 3%
were comatose, and 1% experienced seizures.
Central nervous system symptoms are more
likely to occur with highly volatile hydrocar-
bons (6).

Pulmonary toxicity is associated with aspi-
ration and manifests as severe chemical pneu-
monitis. Initially, there is a burning sensation
in the mouth and throat, which causes the vic-
tim to gag, choke, cough, and gasp for air. A
persistent dry cough usually signals that the
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lungs have been severely damaged (24). Signs
and symptoms of pulmonary toxicity after as-
piration usually progress during the hrst 24 hr,
reach a plateau, and then subside between the
2nd and 5th days (7). Chest roentgenograms
show abnormalities within 30 min of aspira-
tion, and almost all patients with lung involve-
ment have positive signs of chemical pneumo-
nitis within 12 hr. Furniture polish and lighter
fluid caused more symptoms and positive
roentgenographic evidence of pneumonitis in
hospitalized children (7).

As the hydrocarbon enters the lung, it
causes severe local irritation resulting in in-
flammation, edema, hemorrhagic broncho-
pneumonia, and atelectasis (6). Postmortem
examination of the lung reveals interstitial in-
flammation, hyperemia, vascular thrombosis,
intra-alveolar hemorrhage, bronchial and
bronchiolar epithelial necrosis, and polymor-
phonuclear exudation (30).

A retrospective study of 950 children who
ingested a petroleum distillate between 1969
and 1979 revealed the extent and outcome of
the hydrocarbon ingestion problem (1). Eight
hundred children were asymptomatic at the
time of examination and remained so for a
6- to 8-hr observation period. None exhibited
abnormal chest films, and all were treated as
outpatients. The other 150 displayed symp-
toms of pneumonitis and were admitted for
treatment.

The quantity of hydrocarbon ingested could
be estimated in only 138 patients. In 67% of
these, the quantity was believed to be less than
30 mL. Spontaneous vomiting occurred in
39% of the 150 patients who were hospital-
ized. Vomiting occurred more often when the
ingested substance was furniture polish (min-
eral seal oil) rather than gasoline, paint thin-
ner, kerosene, or lighter fluid. These differ-
ences were not significant. A definite
correlation was shown between the presence
of fever at or above 38°C and the observation
of roentgenography-detected damage. There
was no correlation between degree of fever
and extent of pulmonary damage, however
one hundred thirty-six (of the 150) children
experienced no progressive pulmonary dam-
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age, and most were discharged within 72 hr
of ingestion. Fourteen experienced progres-
sive respiratory symptoms. Two died of respi-
ratory failure, one developed secondary pneu-
monia due to Staphylococcus aureus, and four
required ventilatory support.

MANAGEMENT OF HYDROCARBON
POISONING

Numerous management protocols have
been formulated for hydrocarbon poisonings.
One of the early determinations that must be
made is to identify the specific hydrocarbon
ingested and determine its potential for aspira-
tion and systemic toxicity.

Since morbidity and mortality from petro-
leum distillates and turpentine is related pri-
marily to pulmonary damage after aspiration,
preventing aspiration should have high prior-
ity in the management plan. Also, consider-
ation must be given to the degree of respi-
ratory distress, extent of CNS symptoms,
and radiographic evidence of hydrocarbon-
induced pneumonitis before specific treatment
can be suggested.

An overriding question is whether the in-
gested hydrocarbon should be removed from
the stomach. This question has been debated
over the years and is still a controversial sub-
ject in clinical toxicology. Gastric decontami-
nation is not recommended for most acciden-
tal petroleum distillate ingestions because of
the risk of pulmonary aspiration. Some hydro-
carbon ingestions, however, will require gas-
tric emptying as outlined in Table 7.S.

When gastric decontamination is indicated,
the preferred method is ipecac-induced eme-
sis. In the past there was not a general consen-
sus for either emesis or lavage. The dilemma
was investigated by Ng et al. (19) in a retro-
spective study of 255 victims of petroleum
distillate or turpentine poisoning. Twenty-nine
percent of the victims received syrup of ipecac
to induce vomiting, and 16% received gastric
lavage. On careful follow-up of patients
treated with ipecac, 19% were unchanged or
worse than at the time of initial observation.
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TABLE 7.5. Hydrocarton poisoning:
indications for emesis

Emesis not necessary for/with;
High-viscosity, high-surface-tension compounds
Grease, lubricating oils, petroleum jelly, paraffin
wax, asphalt, rubber cement, fuel oil, diesel
oil, mineral oU, baby oil
Low-viscosity compounds
Mineral seal oil, accidental ingestions of
petroleum distillates or turpentine
Gastric evacuation by emesis recommended for:
Large quantities of petroleum distillates,
turpentine, aromatic hydrocartxxis,
halogenated hydrocarbons, arKf naphthalene
Hydrocarbons containing camphor, insecticides,
nitrobenzene, heavy metals

This contrasted with 39% of patients in the
group that received gastric lavage. The con-
clusion was that pneumonitis was more sig-
nificant after gastric lavage. Therefore, gastric
lavage should be reserved for the drowsy or
stuporous patient who recently ingested a
large volume of a hydrocarbon or a hydrocar-
bon which was used as the vehicle for a more
toxic substance. The airway must be protected
when gastric lavage is indicated.

The following guidelines can be used to
determine the necessity for ipecac-induced
gastric emptying (9,23,30). Evacuation is indi-
cated for hydrocarbon ingestion involving
large quantities of petroleum distillates, tur-
pentine, aromatic hydrocarbons, or haloge-
nated hydrocarbons. For such hydrocarbons,
gastric evacuation is recommended only when
the amount ingested exceeds 1 mL/kg. Thus,
an average 70-kg man would need to swallow
more than 70 mL (2.3 ounces) before it should
be removed. Emesis is indicated for ingestion
of hydrocarbons containing heavy metals,
camphor, or insecticides.

Accidental ingestion of low-viscosity hy-
drocarbons and accidental ingestions of petro-
leum distillates or turpentine seldom involves
large quantities, and emesis would increase
the risk of pulmonary aspiration. Hierefore,
gastric evacuation is not recortunended. Also,
gastric emptying is not warranted in individu-
als who have vomited spontaneously or in-
gested a nonvolatile, highly viscous hydro-
carbon.
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In the past, numerous attempts have been
made to reduce absorption of ingested hydro-
carbon by giving the patient doses of activated
charcoal or various oily substances. Activated
charcoal has not been shown to alter systemic
absorption of hydrocarbons significantly. It
may be given after emesis to adsorb any toxic
additive that may be present. Various mineral
or vegetable oils have been tried to increase
the viscosity of ingested hydrocarbons in an
effort to decrease absorption, as well as reduce
the chance for aspiration. Oils also may pro-
duce demulcent and cathartic actions. How-
ever, most studies have not shown them to be
significant in reducing hydrocarbon absorp-
tion, and they are not recommended. In fact,
oils may actually enhance hydrocarbon ab-
sorption (Fig. 7.1). Gerarde (8) demonstrated
that rats dosed with kerosene by intragastric
intubation had higher blood concentrations
when mineral oil was used. There is also the
chance greater pulmonary damage (lipoid
pneumonia) will occur should the added oil
be aspirated during emesis.

Much of the management of hydrocarbon
ingestion is symptomatic and largely support-
ive. This includes providing oxygen and flu-
ids, and controlling fever with antipyretics.

Glucocorticoid and antibiotic usage has
been advocated in past years, but neither is

FIG. 7.1. Effect of olive oil and mineral oil on
kerosene absorption. (From ref. 8.)

MI

now considered beneficial. Antibiotics are in-
dicated if infections occur but should be given
only at that time. Most pulmonary complica-
tions are nonbacterial (3). Glucocorticoids
may actually increase the patient’s chance of
developing pulmonary bacterial infections by
lowering the immune system response
(10,27). An intermittent positive pressure
breathing (IPPB) device may be used, but, be-
cause of the extremely delicate nature of the
distal alveoli and airways during hydrocarbon
poisoning, this may worsen the condi-
tion (9,13).

SUMMARY

Numerous products in the home contain hy-
drocarbon substances. Many of these are obvi-
ous, such as gasoline and kerosene, and people
take reasonable care to keep them out of the
reach of children. Many others though, are
not generally recognized as extremely potent
poisons. Consequently, they are not stored or
used properly. A good example is the red or
lemon-scented furniture polish product that is
carelessly left unattended.

Case Studies

CASE STUDIES: HYDROCARBON
INTOXICATION

History: Case 1

A 19-month-old boy was admitted to an
emergency facility 24 hr after the ingestion of
an unknown quantity of kerosene. The baby
was given castor oil at home before losing
consciousness.

On admission, the child underwent gastric
lavage. Respirations were rapid (rate not re-
ported) but not grunting. His temperature was
IOTF, and his pulse was 104 beats/min. He
soon regained consciousness.

On roentgenographic examination, the me-
dial aspect of both lower lung fields showed
numerous coarse, mottled densities. The white
blood cell (WBC) count was 11,500, and the
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TABLE 7.6. Clinical course ofa charcoal lifter fiuid-poiaoned patient

Hospital admission

Temperatura: 38.1°C

Blood pressure: 100/58 mm Hg

Respiratory rale: 32/min

Pulse rate: 100 beats/min

Chest examination: tachypnea, bibasilar rales
Chest roentgenogram: diffuse fluffy infiltrates

differential was normal. The child recovered
in several days without additional treatment
and with no apparent sequelae. (See ref. 16.)

History: Case 2

In a suicide attempt, a 40-year-old man in-
jected himself intravenously with 3 mL of
charcoal lighter fluid. He began complaining
of burning chest pains and dyspnea about 2
to 3 hr later. He appeared at the emergency
department on the following morning with se-
vere pleuritic chest pain, epigastric discom-
fort, and shortness of breath. Table 7.6 depicts
his clinical course.

Radiographic studies of the lungs made be-
tween the 4th and 12th days showed steady
improvement in pulmonary abnormality. Re-
peated studies at 6,12, and 18 months showed
no residual abnormalities. (See ref. 25.)

Discussion

1. What is the significance ofbloody pneumo-
nitis? Would the same kind of pulmonary
abnormality be observed if the hydrocar-
bon was ingested (assuming larger quanti-
ties were ingested, of course)?

2. Both cases involved the production of low-
grade fever. Were antibiotics indicated?
Why or why not?

3. In case 1, the baby was given castor oil at
home. What do you think was the reason?
What hazards are associated with the use
of oils in hydrocarbon ingestions?

4. Where would the victim in case 2 have
found naphtha (e.g., what types of products
contain it)?

24 hr later

Temperature 38.1°C

Respiration rate: 30-60/min

Bloody sputum: gram stain, numerous polys
Treatment: méthylprednisolone

5. Why did the patient in case 2 display respi-
ratory symptoms?

CASE STUDY: GASOLINE
INGESTION

History

A 21-month-old boy was admitted to a hos-
pital after consuming a large but unknown
quantity of gasoline. Before admission he had
been in good health, and he had no previous
history of poison ingestion. On admission, a
baby-sitter said that the boy had not vomited.

The youngster’s breath smelled of gasoline,
and he was in respiratory distress. A chest X-
ray film revealed bilateral basilar infiltrates.
He was given a slurry of activated charcoal
and then transferred to a children’s specialty
hospital.

Upon reaching the emergency department
of the second hospital, the child was lethargic
and continued in respiratory distress. His sys-
tolic blood pressure was 110 mm Hg, and his
pulse was 146 beats/min. Chest examination
revealed suprasternal and intercostal retrac-
tions. Breath sounds were coarse. A second
chest X-ray film identified bilateral alveolar
infiltrates in the lower lobes and the right mid-
dle lobe. He also had traces of blood in the
urine.

The child was given oxygen and a dose of
magnesium citrate for catharsis while still in
the emergency room. He was then admitted
to the hospital in fair condition.

Over the next 24 hr, the patient’s tempera-
ture rose to 39.8°C (rectally). He received ac-
etaminophen. He remained tachypneic for 48
hr, with respiration rates as high as 60/min.
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The patient progressively improved over a
48-hr period. No other medication was given.
He was discharged on the 4th hospital day.
All respiratory symptoms had disappeared,
and the boy was playful. A hnal chest X-ray
film revealed persistent pulmonary infiltrates
without evidence of plural effusion. (See
ref. 24.)

Discussion

1. Comment on the therapy this patient re-
ceived in both hospitals (activated charcoal
in one and magnesium citrate in the other).
What do you think the rationale was and
would you have treated him differently?

2. What was the purpose of acetaminophen
given within the first 24 hr postingestion.

3. Describe the etiology of this child’s tachy-
pnea. Why did it persist so long?

CASE STUDY: FATAL LIPID
PNEUMONIA AND LIQUID
PARAFFIN

History

The patient was a 77-year-old man who was
admitted for endoscopic prostatectomy. In ad-
dition to urinary symptoms, he also indicated
that he was severely constipated, necessitating
daily ingestion of liquid paraffin (the amount
taken was not identified). He also smoked one
pack of cigarettes each day.

A chest examination revealed normal breath
sounds. There were no rhonchi or crepitations.
Sounds suggestive of some degree of emphy-
sema were heard. A preoperative X-ray film
confirmed the presence of emphysema, but no
active lung lesions were detected.

A prostatectomy was performed under epi-
dural anesthesia. Twenty minutes postsurgery,
the patient became confused and dizzy and
developed numbness over his lower limbs and
trunk. Blood pressure was 110/60 mm Hg.
Pulse was 70 beats/min and regular. He suf-
fered respiratory arrest and died despite at-
tempts at resuscitation.
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At autopsy, the stomach was found to con-
tain mucoid exudates. There were scattered
areas of gray consolidation in the lungs. There
was no evidence of recent aspiration. Micro-
scopic examination of the lungs revealed ex-
tensive lipid pneumonia. (See ref. 20.)

Discussion

1. Describe a sequence of events that contrib-
uted to this patient’s death. How significant
were the factors of smoking, emphysema,
age, and epidural anesthesia on the pa-
tient’s well-being.

2. What is the more common (i.c., household)
name for liquid paraffin?

3. What are rhonchi and crepitations. When
they are present on chest examination,
what does this indicate?

Review Questions

1. Emesis is indicated in which of the fol-
lowing hydrocarbon poisonings?
A. One swallow of lighter fluid
B. One swallow of home heating oil or
diesel fuel oil
C. A large amount of gasoline in a sui-
cide attempt
D. One swallow of mineral seal oil furni-
ture polish ingestion
2. Which of the following is the single most
important predisposing factor in the oc-
currence of hydrocarbon-related pulmo-
nary aspiration?
A. Quantity ingested
B. Viscosity of solution
C. Age of victim
D. Water solubility
3. Which ofthe following is a low-viscosity,
highly volatile petroleum distillate?
A. Turpentine
B. Kerosene
C. Mineral seal oil
D. Benzene
4. Which of the following statements is true
concerning acute hydrocarbon ingestion?
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A. Hydrocarbons with a low viscosity are
more likely to be aspirated.

B. Management of turpentine ingestion
would be similar to management of
naphtha ingestion.

C. Mineral seal oil ingestion produces
minimal systentic toxicity.

D. All of the above are true.

E. Only A and B above are true.

. Central nervous system depression is

more significant in poisorting due to hy-
drocarbons with:

A. Aromatic rings

B. Low volatility

C. High surface tensions

D. High viscosity

. The recommended management for the

ingestion of a large volume of naphtha
(>1 mL/kg) in a noncomatose patient
may include:

A. Emesis with apomorphine

B. Dilution with milk and raw eggs

C. Emesis with syrup of ipecac

D. Lavage with peanut oil

. Which of the following has proven to be

effective in reducing the absorption of pe-
troleum distillates?

Mineral oil

Activated charcoal

. Milk and raw eggs

All of the above

. None of the above

Petroleum distillates absorbed into the
systemic circulation cause a high inci-
dence of pulmonary pathology.

A. True

B. False

Many household cleaning products con-
tain petroleum distillates. The treatment
of the ingestion of approximately 1 tea-
spoonfiil of aliphatic hydrocarbon should
involve:

A. Immediate induction of emesis using
syrup of ipecac

Administration of mineral oil
Administration of activated charcoal
Dilution with vinegar

None of the above

mO 0w
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The petroleum distillate with the least
toxicity potential would have:

A. High surface tension and high vola-
tility

Low surface tension and low volatility
High viscosity and low volatility
Low viscosity and low surface tension
High surface tension and high vis-
cosity

A distinction must be made between inci-
dence of poisoning by hydrocarbon sub-
stances and severity of intoxication. Dis-
cuss these points.

Describe the relationship between the sur-
face tension of a given hydrocarbon and
its potential for aspiration.

Discuss the feasibility of using intermit-
tent positive pressure breathing devices in
treating hydrocarbon poisoning.

Discuss reasons why the quantity of gaso-
line that actually enters the lungs during
aspiration is probably small.

In cases of poisorting with insecticides
that have a petroleum distillate base,
which component is more toxic, the pesti-
cide or hydrocarbon? What is the treat-
ment priority in these cases?

Damage to the CNS by ingested hydro-
carbons may be primary or secondary.
What does this mean?

Antibiotics are sometimes indicated as
part of the treatment protocol for hydro-
carbon poisoning. What is the indication
for anti-infective therapy?
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Humans have long felt an obsession to rid
their environment of pests. They are devasta-
ting to crops and food supplies, and life is
basically more enjoyable without them. In-
deed, the Old Testament makes several refer-
ences to widespread destruction of crops in
early Egypt by insects, especially locusts. His-
torical records confirm that insects have been
a problem throughout the ages. Even with
powerfully effective insecticides, locusts and
other insects still damage food supplies in the
Near East, Africa, and other parts ofthe world.

Pesticides are designed to kill various pests
(both plants and animals) that interfere with
our own comfort, health, or economic well-
being. They are used in most countries around
the world to protect agricultural and horticul-
tural crops against damage. They are used
at home and at work to assure a pest-free
environment.

Overall, pesticides account for a small but
significant number of human poisonings.
Deaths reported from exposure are relatively
rare. It is estimated that for each death there
are another 100 nonfatal poisonings (27). In
fact, a report representing 16 regional poison
control centers in 1983 cited approximately
8,500 exposures to insecticides that resulted
in no symptoms or minor effects (81).

Statistical surveys of morbidity and mortal-
ity have shown a reduction in the number of
accidental deaths associated with pesticide use
(29). This is probably due to increased aware-
ness of pesticide toxicity through poison pre-
vention programs. In occupational use, pesti-
cide applicators are the high-risk group for
both acute and chronic poisoning. Organo-
phosphorus compounds are most commonly
encountered. Morgan et al. (54), in 1980,
noted that, among occupational users of pesti-
cides, accidental trauma deaths were more
common in pesticide applicators. Survivors
showed an increased incidence of dermatitis
and skin cancer.

Insecticides are the most commonly en-
countered pesticide in developing countries;
herbicides are more commonly encountered
in developed countries. The United States is
the largest user of pesticides. A recent assess-
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ment of use, based on retail sales, confirmed
the following data: United States, 45%; West-
ern Europe, 25%; Japan, 12%; remaining
countries combined, 18% (12). If all pesticide
products in current use around the world were
grouped together, their number would total in
the tens of thousands. A few selected com-
pounds have been purposefully chosen to ex-
emplify those that are most generally encoun-
tered in poisoning cases.

Many of the poisons discussed elsewhere
in this book can also be used to kill various
pests. Arsenic and other heavy metals, such as
mercury and copper, are effective and widely
used herbicides. Hydrogen cyanide is a fumi-
gant that controls insects and certain rodents.
Creosote (a petroleum product) protects wood
against insect damage. Lime (an alkali) pro-
tects against fungus.

Most poisoning by pesticides occurs as a
result of misuse or accidental exposure. At
home, poisoning usually occurs by oral inges-
tion; occupational users most frequently en-
counter dermal exposure or inhalation (73,87).

INSECTICIDES
Organophosphorus Compounds

More than 50,000 organophosphorus com-
pounds have been synthesized and tested for
insecticidal activity. The number actually used
for this purpose today probably does not ex-
ceed three dozen. In addition to use as insecti-
cides, organophosphorus compounds also
have several medical applications. Physostig-
mine (eserine), edrophonium, and neostig-
mine are used for their cholinomimetic (cho-
linergic) activity. They are used in diagnosis
or treatment of several neuromuscular disor-
ders, including myasthenia gravis. Physostig-
mine is also an important antidote for treating
toxic ingestion of anticholinergic substances,
including tricyclic antidepressants, atropine,
and jimsonweed. Its role as an antidote is dis-
cussed in subsequent chapters. Physostigmine,
echothiophate iodide, and other organophos-
phorus drugs may be used in treatment of
glaucoma to reduce intraocular pressure.
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TABLE 8.1. Toxicity of selected
organophosphorus insecticides

LD* (mglkg)

Insecticide Oral Dermal
Highly toxic

TEPP (tetraethyl

pyrophosphate) 11 2.4
Mevinphos (Phosdrin) 3.7
Chlorpyrifos (Lorsban,

Dursban) 8
Ethyl parathion

(Parathion) 13 21
Methyl parathion (Oalf,

Penncap-M) 14 67
Fenthion (Baytex, Lysoff) 15

Moderately toxic

Leptophos (Phosvel,

Abar) 53
Oichlorvos, DDVP

(Vapona, No Pest

Strip) 80 107
Trichlorton (Dylox,

Dipterex) 630 >2,000
Ronnel (Korlan, Trolene,

Viozene) 1,250 >4.000
Malathion (Cythion,

Karbofos, Malamar) 1.375 >4.444
Temophos (Abate,

Abathlon) 2,000 >4,000

From refs. 15 and 21.

Organophosphorus insecticides are among
the most toxic of all substances that cause
human poisoning and are the most frequently
encountered insecticide poisons (26). Inges-
tion of as little as 2 mg in children may be
lethal (15).

LD data are useful to predict the potential
hazard of a substance to humans. Table 8.1
lists organophosphorus insecticides in order of
decreasing toxicity based on oral LDm values.
Highly toxic ones generally have oral LD
values of less than 50 mg/kg and are restricted
largely to agricultural use. Those with oral
LD values greater than 50 mg/kg are consid-
ered moderately toxic and diluted for house-
hold use. Differences between oral and dermal
LDso values provide an additional safety fea-
ture during application of the product (15,21).

Discovery o f Organophosphorus
Compounds

Organophosphorus compounds were hrst
synthesized in Germany during World War II.
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Their use as nerve gases in chemical warfare
was quickly recognized. In fact, much of our
understanding of clinical manifestations of or-
ganophosphorus insecticide poisoning was de-
rived from the development of nerve gases,
such as tabun, sarin, and soman (69). Early
syntheses included compounds such as tetra-
ethyl pyrophosphate (TEPP), parathion, and
schradan, which were not only extremely effec-
tive insecticides, but also quite toxic to mam-
mals. Research continued toward development
of additional compounds, such as malathion,
that maintained insecticide potency with less
risk of toxicity to humans. The chemical struc-
tures of a few are shown in Fig. 8.1.

Mechanism of Toxicity

Understanding the mechanism of toxicity
requires prior knowledge of actions of the
cholinergic neurotransmitter, acetylcholine
(ACh). Muscarinic and nicotinic ACh recep-
tors exist in both the central and peripheral
nervous systems (Fig. 8.2). In the peripheral
system, ACh is released in autonomic ganglia
at (i) sympathetic and parasympathetic pre-
ganglionic synapses, (ii) parasympathetic
postganglionic synapses, and (iii) neuromus-
cular junctions of skeletal muscle (Fig. 8.2).
In the central nervous system, most ACh re-
ceptors of greatest importance to organophos-

P
(C,Hs0),-P-0-P-(0C,H5),

TEPP

S
]
(C,H,0),-P-0

PARATHION
S

[}
(CH,0),-P-S-CHCOOC, Hj
CHjCOOC{H,

MALATHION

FIG. 8.1. Structural formulae for representative
organophosphorus insecticides.
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CENTRAL NERVOUS
SYSTEM (Ach)
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Ach Skeletal
SOMATIC (a) Muscle
/Ach Epi Autonomic
W(b) SYMPATHETIC NE Activity (SNS)
Mch liAch Autonomic

PARASYMPATHETIC \(b))]

Activity (PNS)

V(9

FIG. 8.2. Distribution of acetylcholine (Ach) throughout the body. Location includes the CNS,
neuromuscular junctions (a), autonomic ganglia (b), and muscarinic sites (c).

phorus insecticide toxicity are located within
the medulla at the respiratory and vasomotor
centers.

When ACh is released, it acts as an excit-
atory neurotransmitter to propagate nerve con-
duction in the peripheral and central nervous
systems or to initiate muscle contraction. The
actions of ACh are terminated by hydrolysis
in the presence of the enzyme acetylcholines-
terase (AChE). There are two forms of AChE.
True cholinesterase, or acetylcholinesterase,
is located in erythrocytes, neurons, neuromus-
cularjunctions, lungs, spleen, and gray matter
of the brain. Pseudocholinesterase, or serum
cholinesterase, is located primarily in serum
and plasma but is also in the liver, pancreas,
heart, and white matter of the brain.

Acetylcholinesterase has two points of at-
tachment, and ACh binds to it in a sequential
manner. PirsL ACh binds to an anionic site
on the enzyme, and then the acetyl moiety
binds at an esteratic site (enzyme-substrate
complex). Choline is cleaved, leaving an ace-
tylal” enzyme (Fig. 8.3A). The acetyl portion
is rt*idly hydrolyzed to acetic acid and the
regenerated active enzyme.

Organophosphorus insecticides and carba-
mates inhibit AChE by phosphorylating the
esteratic site of the enzyme (Fig. 8.3B). The
phosphate moiety is bound so tightly that it is
considered irreversible. Acetylcholinesterase
activity remains inhibited until new enzyme
is generated or cholinesterase reactivator (i.e.,
pralidoxime) is administered. Depression of
RBC acetylcholinesterase is considered a spe-

cihc response to organophosphorus poisoning
and reflects the degree of inhibition of neu-
ronal synaptic cholinesterase (57). However,
both erytluocytic (true) cholinesterase and
pseudocholinesterase activities can be in-
creased. Which enzyme is measured must be
specified in the clinical assessment of poten-
tial organophosphorus (OP) poisoning.

As a result of AChE inhibition by organo-
phosphoms insecticides, ACh accumulates
and binds to muscarinic and nicotinic recep-
tors throughout the nervous system. Conse-
quently, OP poisoning may produce a variety
of clinical manifestations. Low-dose exposure
to the compounds generally produces signs
and symptoms attributed to stimulation of pe-

A. ACh * AChE ACh-AChE * Choline + Acetyl-AChE

(Enzyme-substrate
complex)
AcetyllAChE H,0 » Acetic acid + AChE
(Reactivated
enzyme)
B. OP AChE * Phosphorylated-AChE

Phosphorylated-AChE + H,0 — P»No reaction*
Phosphorylated-AChE -r ACh — < No reaction

FIG. 8.3. Scheme showing deactivation of ace-
tylcholine by acetylcholinesterase (A) and
events that occur when an organophosphorus
compound (e.g., insecticide) is present (B). ACh,
acet*holine; AChE, acetylcholinesterase; OP,
organophosphorus compound; *, very slow hy-
drolysis may occur with some organophospho-
rus compounds or carbamates.
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ripheral muscarinic receptors. Larger doses
also bind with nicotinic receptors and central
muscarinic receptors. Two to 4 weeks are re-
quired for plasma pseudocholinesterase, and
4 weeks to several months are required for
erythrocytic and synaptic cholinesterase activ-
ity to return to normal (3).

Characteristics of Poisoning

As shown in Table 8.2, organophosphorus
insecticide poisoning may produce a variety
of toxic actions. Signs and symptoms are at-
tributed to persistent acetylcholine hyperstim-
ulation at muscarinic and nicotinic receptor
sites.

Early signs and symptoms of low doses of
organophosphorus insecticides are due to ex-

cess cholinergic stimulation at muscarinic re-

TABLE 8.2. Characteristics of
organophosphorus poisoning

Muscarinic
SLUO; Salivation, lacrimation, urination, diarrtiea
(or defecation)
Abdominal cramping
Nausea and vomiting
Bradycardia and heart block
Bronchoconstriction; wheezing
Increased bronchial secretions
Miosis
Sweating
Nicotinic
Muscle fatigue; weakness
Twitching and fasciculations; tremor
Paralysis
Dyspnea
Pallor
Tachycardia (from ganglionic stimulation);
hypertension
Central nervous system
Anxiety, restlessness, insomnia, nightmares,
conhjsion, neurosis
Headache
Ataxia
Confusion
Emotional instability
Giddiness
Slurred speech
Generalized weakness
Convulsions
Depressed respiration and cardiovascular
functions
Cheyne-Stokes respiration
Coma
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ceptors. With moderate to larger doses, nico-
tinic and central stimulation predominate over
most muscarinic effects. Clinical manifesta-
tions can be grouped into three categories:
muscarinic, nicotinic, and central nervous sys-
tem effects. The muscarinic effects are the
result of ACh accumulation at autonomic ef-
fector cells and usually appear early, within
minutes after ingestion. Symptoms include
nausea, sweating, miosis (pinpoint pupils),
blurred vision, and a syndrome identified by
the acronym SLUD (salivation, lacrimation,
urination, and diarrhea). Respiratory effects
include bronchoconstriction with wheezing
and increased bronchial secretions.

Nicotinic effects (autonomic ganglia and
skeletal muscles) of organophosphorus insec-
ticide poisoning usually appear after the mus-
carinic effects have been noted. The nicotinic
effects include muscle twitches, weakness, fa-
tigue, and fasciculations as a result of excess
ACh at neuromuscular junctions causing per-
sistent depolarization followed by paralysis of
skeletal muscles. The most profound effect
of paralysis is on the respiratory muscles. In
severe organophosphorus insecticide poison-
ing, transient hyperglycemia due to stimula-
tion of sympathetic ganglia and adrenal glands
may be observed.

The central nervous system manifestations
of organophosphorus insecticide poisoning in-
clude an initial stimulation followed by de-
pression of the respiratory and cardiovascular
centers in the medulla. Other CNS effects in-
clude anxiety, restlessness, confusion, head-
aches, slurred speech, convulsions, and coma.
Even a single episode of significant organo-
phosphonis poisoning may result in a per-
sistent decline in neuropsychologic function
tests (67).

Death associated with organophosphorus
insecticide poisoning is the result of respira-
tory muscle paralysis, depression of the cen-
tral respiratory center, bronchoconstriction,
and accumulation of bronchial secretions.

Organophosphorus insecticides may be ab-
sorbed by various routes of exposure, which
influences the onset of clinical manifestations.
After inhalation of vapors, for example, symp-
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toms may appear within minutes. Oral inges-
tion or dermal exposure generally requires a
longer period to exhibit signs and symptoms
of toxicity. Limited exposures may cause only
localized effects. For example, percutaneous
absorption ofan organophosphorus compound
over a confined area of skin may cause intense
sweating and twitching of the muscles in the
affected area only. Eye exposure to vapors
may result in only miosis or blurred vision.
Inhalation of a small concentration may cause
only wheezing and coughing.

Complications of poisoning are usually re-
lated to prolonged neurotoxicity (38,42,49)
and organophosphorus-induced delayed neu-
ropathy (OPIDN) (36,46). The onset of symp-
toms may be delayed for days to weeks (1).
Symptoms typically begin in the distal portion
ofthe lower limbs and progress to generalized
muscular weakness and flaccidity of the entire
limb. In some instances, there is complete loss
of control of arms and legs. In OPIDN, symp-
toms usually peak in a few weeks and then
subside gradually. Complete recovery is not
always apparent. The delayed neuropathy is
not related to continued inhibition of acetyl-
cholinesterase, and it is not reversible with
atropine or pralidoxime.

The mechanism of toxicity of OPIDN is
related to neuronal degeneration rather than
demyelination. Animal models have shown
the mechanism to involve phosphorylation
and inhibition of a neurotoxic esterase. A
marker for these neurologic changes seems to
be r,3'-cyclic nucleotide 3'-phosphohydro-
lase, which eventually may be of clinical sig-
nificance.

Management o f Organophosphorus
Poisoning

Treatment of organophosphorus insecticide
poisoning should begin immediately after a
probable diagnosis is made. Hesitation forjust
a few minutes following severe exposure will
greatly decrease the victim’s chance for sur-
viving a potentially lethal dose.

A presumptive diagnosis can be made based
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on the patient’s exposure history and charac-
teristic cholinergic signs and symptoms and
response to antidotes (57). A confirming diag-
nosis, measuring inhibition of erythrocytic
acetylcholinesterase activity, may be useful.
However, treatment should not be withheld
until laboratory results are known. In severe
intoxication or when chronic exposure to or-
ganophosphorus poisoning is suspected, cho-
linesterase activity should be measured.

Clinical manifestations of acute poisoning
generally occur when more than 50% of cho-
linesterase is inhibited, and severity of signs
and symptoms often parallels the degree of
inhibition. For example, in mild poisoning
20% to 50% of normal enzyme activity re-
mains; moderate, 10% to 20%; and severe in-
toxication, less than 10% (57).

Initial management of acute toxicity must
include establishing an adequate airway and
maintaining respiration. Suction may be re-
quired to remove bronchial secretions. If
exposure involved ingestion, removal by
ipecac-induced emesis or gastric lavage, with
protection of the airway, is indicated. Since
organophosphorus insecticides are rapidly ab-
sorbed from the gastrointestinal tract, gastric
decontamination is most effective within 30
min postingestion.

Most organophosphorus insecticides are
mixed with petroleum distillate solvents. Cau-
tion must be exercised to protect against the
risk of pulmonary aspiration. If gastric decon-
tamination was not undertaken within several
hours after ingestion, activated charcoal may
be considered to decrease absorption.

The antidotes for organophosphorus insecti-
cide are atropine and pralidoxime (2-PAM,
Protopam). Atropine should be given immedi-
ately if severe poisoning is suspected. Atro-
pine antagonizes peripheral muscarinic effects
and many of the central cholinergic effects. It
will not reverse neuromuscular paralysis asso-
ciated with nicotinic stimulation or respiratory
failure in severe poisoning.

A test dose of atropine (adults, 1 mg; chil-
dren, 0.015 mg/kg) may be used in mild to
moderate organophosphorus insecticide poi-
soning to confirm diagnosis. Pupil size is help-
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ful in assessing the effects of atropine. After
the initial test dose, atropine is administered
at doses of 2 to 4 mg intravenously (children,
0.015 to 0.05 mg/kg) and repeated every 10
to 15 min as needed until cholinergic effects
(such as bradycardia, salivation, and increased
bronchial secretions) diminish and signs of at-
ropine action (such as mydriasis, tachycardia,
and dry mouth) appear (44). The organophos-
phorus insecticide-poisoned patient is usually
resistant to atropine, and high doses given for
long periods may be necessary to control cho-
linergic signs effectively (42,49,53). Manage-
ment of poisoning using 50 mg of atropine
over a 24-hr period or 7 g over a week has
been reported (57,85). A case study at the end
of this chapter documents the large amount of
atropine needed in one patient. Normal thera-
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peutic doses of atropine that achieve an anti-
muscarinic action in nonintoxicated patients
are as low as 0.4 mg every 4 hr.

Pralidoxime is a specific antidote for or-
ganophosphorus insecticide poisoning. It is
commercially available as the chloride salt,
packaged in 1-g ampules (Fig. 8.4). Its action
is to reactivate acetylcholinesterase and pro-
mote hydrolysis of accumulated acetylcholine.
It combines directly with the organophospho-
rus insecticide portion of the phosphorylated
enzyme complex and breaks the covalent bond
between AChE and insecticide. Removal of
the phosphate completely restores enzyme ac-
tivity (28).

Pralidoxime is a quaternary amine and does
not penetrate the CNS readily. It is, therefore,
without significant effect on brain acetylcho-

FIG. 8.4. Pralidoxime chloride (2-PAM) antidote for organophosphorus poisoning. (Photograph

courtesy of Wyeth-Ayerst Laboratories, Inc.)
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linesterase enzyme inhibition. It also has mini-
mal effect on autonomic muscarinic receptors.
Its greatest affinity is for phosphorylated ace-
tylcholinesterase at the neuromuscular junc-
tion. Therefore, most of its beneficial actions
are directed toward reestablishing skeletal
muscle activity. Skeletal muscle normally be-
gins to respond within several minutes. Be-
cause of these limitations, atropine must be
continued if the patient is to be maiuged suc-
cessfully (44).

The data presented in Table 8.3 show that
pralidoxime alone provides limited protection
to mice treated with an organophosphorus in-
secticide. Atropine alone gives about twofold
protection. The synergistic protective action
of pralidoxime and atropine is approximately
100-fold (62).

Pralidoxime should be administered as soon
as the patient has been given atropine. If ox-
ime treatment is delayed more than 24 hr after
poisoning, its effectiveness is questionable.
This may be due to aging of AChE.

In enzyme aging, once phosphorylation oc-
curs, additional chemical changes, such as loss
of an alkyl or alkoxy group, also occur to
strengthen the phosphorylated complex even
more. Aging occurs more readily with organo-
phosphorus insecticides that contain tertiary
alkoxy groups. The process may begin within
minutes to hours after the complex forms.
Once it occurs, the enzyme complex is then

TABLE 8.3. Reduction of sarin toxicity in mice
by atropine and praiidoximet

LOgo Protective
Treatment (Mj/kg) ratio

None 14.5 —
Atropine 38.0 2.63
Pralidoxime 18.4 1.27
Atropine (5 mg/kg)

and pralidoxime 365 2517
Atropine (10 mg/kg)

and pralidoxime 1,321 91.10

From ref. 62.

* Neither atropine norpralidoxime ¢ilone significantly
reduced toxicity of this organophosphorus compound.
However, when the two antidotes were combined, the
LOgo dose of sarin was greatly increased, showing a
protective action of these antidotes.
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resistant to reactivation by pralidoxime
(36,46,69).

Pralidoxime is normally administered in a
1- to 2-g dose for adults (25 to 50 mgAcg in
children) over 5 to 10 min. If muscular weak-
ness is not reversed, the dose may be repeated
in 1to 2 hr. Treatment is usually continued
for no longer than 24 hr, except in cases of
severe exposure or exposure to highly lipid-
soluble compounds (18). Side effects of prali-
doxime are minimal in organophosphoms in-
secticide-poisoned patients.

Dermal exposure may be managed by re-
moving and discarding contaminated clothing
and then washing contaminated skin with wa-
ter followed by a mild soap (e.g., tincture of
green soap). Rubber gloves should be worn
by emergency personnel to avoid exposure.
Ocular exposure is treated by rinsing the eyes
with tap water for at least 15 to 20 min.

Some drugs are contraindicated in the treat-
ment of organophosphorus insecticide poison-
ing. Parasympathomimetic agents, such as
physostigmine and succinylcholine, should be
avoided because they potentiate anticholines-
terase activity. Also, potentiation of organo-
phosphorus insecticide toxicity may occur
with phenothiazines and H| antagonists that
possess anticholinesterase activity. Morphine
and other CNS depressants may compromise
the respiratory status of the patient and should
be avoided, also.

Carbamates

Carbamate insecticides are reversible cho-
linesterase inhibitors that have a shorter dura-
tion of action and are generally less toxic than
are organophosphoms compounds. Carba-
mates are frequently used as agricultural and
household insecticides. A list of commonly
used carbamates is given in Table 8.4.

The mechanism of carbamate toxicity is via
carbamoylation of AChE. Unlike organophos-
phoms insecticide binding to AChE, carba-
mates dissociate easily from the enzyme.

Clinical manifestations of carbamate poi-
soning are similar to those of organophospho-
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TABLE 8.4. Toxicity of selected
carbamate insecticides

LD,
Compound (mgfi<g)
Highly toxic
Aldicarb (Temik) 0.9
Carbofuran (Furadan) 5
Oxamyl (Vydate) 5
Methiocarb (Mesurol) 15
Methomyl (Lannate, Nudrin) 17
Aminocarb (Maiacil) 21
Dimetilin 50
Moderately toxic
Carbaryl (Sevin) 89
Propoxur (Baygon) 95
Isocarb 128
Bendiocarb (Ficam) 143
Bufencarb (Bux) 170
Terbucarb (Azak) 34,000

From refs. 15 and 21.

rus insecticides (see Table 8.2). Generally,

CNS effects are minimal and most manifesta-
tions are due to accumulation of ACh at mus-
carinic and nicotinic sites. Treatment of symp-
tomatic carbamate exposure is managed as
described for organophosphorus insecticides.
Some animal studies have shown that oxime
reactivators, such as pralidoxime, increase
carbamate toxicity (58). Therefore, they are
not recommended in carbamate poisoning
(28,53,57).

Organochlorine insecticides

Organochlorine insecticides represent a
group of fat-soluble, low-molecular-weight,
stable compounds. Representative examples
are listed, in decreasing order of toxicity, in
Table 8.5. This class of insecticides also has
low water solubility. The compounds are not
very biodegradable and may persist in the en-
vironment. For example, the half-life of chlo-
rophenothane (DDT) and its metabolites is ap-
proximately 10 years (53).

As a result of their lipid solubility, organo-
chlorine insecticides are stored in adipose tis-
sue. The rate of elimination of stored DDT
from the body is only 1% per day. Although
these insecticides persist in body stores and
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the environmenL they are relatively safe
compared to organophosphorus insecticides.
Acute poisoning and death due to organochlo-
rine exposure are rare. This relative safety
may be due in part to their lipid solubility and
storage in adipose tissue. The fact that these
compounds are highly lipid soluble also ac-
counts for selective toxicity to insects. They
can easily penetrate the exoskeleton of insects,
but percutaneous absorption in mammals is
relatively poor. To illustrate, the oral LD» for
DDT in rats is approximately 113 mg/kg,
whereas the dermal LDjo is 2,510 mg/kg.

Mechanism o f Toxicity

Organochlorine insecticides are neurotoxins
that stimulate sensory and motor nerve fibers
and the motor cortex. These compounds alter
the movement of sodium and potassium across

neuronal membranes and affeci membrane-

related enzymatic reactions adversely (47,
60,75). Thus, acute toxicity results in abnor-
mal electrical activity. The severity of signs
denoting toxicity is correlated to CNS concen-
trations of these insecticides (13).

Liver necrosis and sensitization of the myo-
cardium to catecholamines are distinct fea-
tures of this class of insecticides. These ef-
fects, however, may be more significant in
animals than humans.

Characteristics of Organochlorine
Poisoning

Signs and symptoms associated with or-
ganochlorine insecticide poisoning are attrib-

TABLE 8.5. Toxicity of selected
organochlorine insecticides

Compound LDso (mgn<g)
Erxlrin 18
Aldrin 39
Oieldrin 48
Lindane 88
DDT* 113
Heptachlor 100
Chlordane 335
Mirex 740
Methoxychlor 5,000-7,000

From refs. 15 and 21.
*DDT, dichlorodiphenyltrichloroethane.
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TABLE 8.6. Clinical characteristics of
organochlorine irtsecticides

Nausea, vomiting

Paresthesia of tongue, lips, and face
Restlessness

Apprehension, irritability

Tremor

Convulsions

Hypersusceptibility to stimuli

Coma

Respiratory failure

Death

uted mostly to CNS stimulation resulting in
behavioral changes, sensory and equilibrium
disturbance, involuntary muscle activity, and
depression of vital centers (Table 8,6) (8).
Sensitization of the myocardium to catechola-
mines may lead to life-threatening ventricular
arrhythmias. Neurotoxicity is generally asso-
ciated with misuse of commercial products in
children, but neurotoxicity in adults has also
been shown to occur with proper use (76).

Management o f Organochlorine Poisoning

Treatment of acute poisoning by organo-
chlorine insecticides is largely supportive and
symptomatic. For ingestion, gastric decontam-
ination with ipecac-induced emesis, gastric la-
vage, or activated charcoal and saline cathar-
tics may be indicated. Central nervous system
depressants and anticonvulsants are necessary
to control tremors and convulsions. Diazepam
has largely replaced phénobarbital for treating
tremors and convulsions because of irs lower
incidence and severity of respiratory depres-
sant action. Epinephrine and other sympatho-
mimetics must be avoided. There is no specific
antidote for organochlorine poisoning.

Insecticides from Botanicai Origin
Pyrethrum (Pyrethrins)
[“rethrum is obtained from the yellow

flower Chrysanthemum cinerariaefolium. Its
active principles include pyrethrin land 11 and
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cinerin 1 and II. The pyrethrins are esters
formed from two acids, chrysanthemic acid
and pyrethric acid, and three alcohols, jasmo-
lone, cinerolone, and pyrethrolone. Pyrethrins
are incorporated into a large variety of house-
hold insecticidal products because of their
rapid knockdown action and mammalian
safety (56).

Severe poisoning with pyrethrum is rare,
although injecting or inhaling a pyrethrum in-
secticide can cause nausea, vomiting, muscu-
lar paralysis, and death. Massive doses may
induce CNS stimulation symptoms including
excitation and convulsions that terminate in
paralysis. Death occurs from respiratory fail-
ure (27).

Contact dermatitis is the most frequent ad-
verse effect to pyrethrum and, in allergic indi-
viduals, asthma and rhinitis may occur. Pyre-
thrum is poorly absorbed across intact
mammalian skin and, once absorbed, is rapidly
metabolized. The human fatal dose is reported
to be 50 g for a 70-kg man (27). Most reports
show toxicity to pyrethrum-containing prod-
ucts is due to other ingredients in the prepara-
tion, usually a petroleum distillate solvent (4).

Commercially mariceted pediculicide prod-
ucts combine pyrethrum, 0.17% to 0.33%,
with piperonyl butoxide, 2% to 4%. Piperonyl
butoxide is a pharmacologic synergist to the
pyrethrins. It interferes with insect’s ability to
destroy pyrethrum by oxidative degradation
(10,83). Piperonyl butoxide is poorly absorbed
after cutaneous application to mammals and
is relatively nontoxic. The fatal human dose
is reported to be 11.5 g/kg (15).

(jenerally, no treatment is required for acute
ingestion of pyrethrum insecticides. Manage-
ment is symptomatic. Poisoning by products
containing petroleum distillate solvent must be
managed accordingly to prevent aspiration and
pulmonary toxicity (see chapter 7). Individuals
with hypersensitivity reactions to pyrethrum
may require treatment with epinephrine.

Rotenone

An insecticide of botanical origin, rotenone
has long been used to control a large variety
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of insect pests. For many centuries, plants con-
taining rotenoids have been used as fish poi-
sons. The poisonous substituents dissolved in
water were absorbed through the gills. Because
much of the early investigations of rotenone,
one of the rotenoid poisons, used the substance
obtained from plants of the genus Denis, the
term derris persists as a synonym for rotenone.
Rotenone is a widely used insecticide that has
a low order of toxicity to humans. The oral
LDso is reported to be 132 mg/kg (15).

Signs and symptoms of acute rotenone poi-
soning include gastrointestinal irritation asso-
ciated with nausea and vomiting. Liver and
kidney damage may be detected after chronic
exposure. Death from massive exposure oc-
curs from respiratory paralysis.

Rotenone exposure by inhalation is consid-
ered to be of greater toxicologic concern. In
the lungs, rotenone can cause intense respira-
tory stimulation followed by depression and
convulsions. In the stomach, however, a sig-
nificant amount of an ingested dose is fre-
quently expelled because of its irritant gastro-
intestinal action. Thus, the toxic potential of
ingested rotenoids is less significant.

Management of rotenone poisoning is
largely supportive. There is no specific anti-
dote.

Nicotine

Nicotine is extracted from tobacco and is a
potent contact insecticide against a large vari-
ety of insects. It stimulates autonomic sympa-
thetic and parasympathetic ganglia, neuro-
muscular junctions, and certain neuronal
pathways in the CNS. Its initial effects (Table
8.7) are stimulatory, mimicking excessive ace-
tylcholine at nicotinic receptors. Dizziness,
miosis, vomiting, and the SLUD syndrome are
encountered shortly after poisoning (41).
These effects progress rapidly to persistent
muscular weakness and tremors, followed by
convulsions, and eventually to respiratory pa-
ralysis and CNS depression. Death occurs
from respiratory failure due to paralysis of
respiratory muscles and blockade of central
respiratory mechanisms.
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TABLE 8.7. Progression of signs and
symptoms in acute nicotine poisoning

Nausea, vomiting, diarrhea
Salivation

Abdominal cramps
Cold sweat

Dizziness

Bradycardia
Hypotension

Dyspnea
Cardiovascular collapse
Convulsions

Death

Overall, clinical characterization ofnicotine
poisoning is complex, and presenting symp-
toms after exposure may vary widely among
different people. The ultimate response repre-
sents a summation of several opposing forces.

For example, nicotine may cause tachycar-
dia by stimulating ganglia or blocking para-
sympathetic ganglia. It may induce bradycar-
dia by blocking sympathetic ganglia or by
stimulating the parasympathetic ganglia. It is
difficult to predict, a priori, just how an indi-
vidual will respond.

Nicotine acts quickly, with death often oc-
curring within minutes to a few hours. It
readily penetrates the skin and is absorbed by
inhalation of its vapors, whereas absorption
from the GI tract is low because of reduced
gastric emptying (74).

Nicotine-containing insecticide products
should be quickly washed off the skin, and
all contaminated clothing removed. Ingested
nicotine usually involves spontaneous emesis.
Any remaining nicotine may be removed by
gastric lavage and activated charcoal along
with a cathartic. Other treatment is purely
symptomatic (41). Atropine sulfate is effec-
tive in reversing early cholinergic signs. An
alpha-adrenergic blocking agent, such as
phentolamine, may reverse severe hyperten-
sion when refractive to fluid replacement and
sympathetic stimulation. Seizures can be man-
aged with diazepam or barbiturates.

INSECT REPELLENTS

Diethyltoluamide (DEET) was synthesized
in 1954 and marketed in 1957. Today, this
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TABLE 8.8. Characteristics of
diethyltoluamkie (DEBT) poisoning

cvVs'
Decreased blood pressure
Decreased heart rate
CNS*
Ataxia
Confusion
Slurred speech
Muscle cramping
Insomnia
Tremor; donic Jerking
Psychosis
Seizures
Coma
Skin
Erythema
Contact urticaria
Anaphylaxis

‘CVS, cardiovascular system.
'C NS, central nervous system.

compound is widely used and generally con-
sidered to be safe. The major adverse reactions
associated with it involve the CNS, although
dermatologic and allergic reactions are also
reported (Table 8.8). The mechanism of toxic-
ity is not entirely understood (16).
Commercial insect repellents contain 15%
to 95% DEET. The rate and amount absorbed
through the skin is variable and dependent
largely on the quantity used, concentration, and
location of application. Topically applied insect
repellents are effective for 1 to several hours.
Toxic exposure to DEET in children, both
dermal and oral, has been reported (65,72).
Most exposures showed characteristic CNS
effects. The case described at the end of the
chapter, however, illustrates primarily the car-
diovascular effects of DEET in an adult.

HERBICIDES
Chlorophenoxy Compounds

Two substances, 2,4-dichlorophenoxyacetic
acid (2,4-D) and 2,4,5-trichlorophenoxyacetic
acid (2,4,5-T), and their esters and salts are
among the most widely used herbicides to con-
trol many broadleaf woody plants. They are
also the subject of extensive contemporary pub-
lic interest. A contaminant of 2,4,5-T called
2,3,4,8-tetrachlorodibenzo-p-dioxin (TCDD or
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dioxin) is a potent teratogen and possible car-
cinogen and mutagen (2,52,56).

Dioxin is reported to be one of the most
toxic synthetic chemicals known, with toxic
doses for most animals in the microgram
range. Because of the widespread and some-
times careless use of 2,4,5-T, it is believed
that many have been exposed to dioxin. The
controversy over dioxin will undoubtedly con-
tinue for the next several decades. At present,
the concentration of dioxin in 2,4,5-T is
closely regulated at 0.1 ppm or less.

The LDjo value for these compounds ranges
from 300 to 700 mg/kg (12). The acute human
toxic dose of chlorophenoxy herbicides is ap-
proximately 3 to 4 g. One victim of poisoning
did not survive a dose of 2,4,5-T that was at
least 6.5 g (59).

Although these compounds act as growth hor-
mones in plants, they do ncx possess hormonal
tKtion in humans. Their mechanism oftoxicity is
unknown. Nonspecific liver and kidney changes
can be seen after exposure (27). The substances
do not accumulate in the body, and the plasma
half-life in animals is about 24 hr (23).

Signs and symptoms of acute chlorophen-
oxy herbicide poisoning are listed in Table
8.9. The principal findings of 2,4-D poisoning
in animals and humans include muscular
weakness and hypotension. Death after mas-
sive ingestion is believed to be caused by ven-
tricular fibrillation (32,56). A commonly re-
ported form of severe dermatitis, chloracne,
may be due to dioxin.

Management of acute oral 2,4-D poisoning
involves its removal from the GI tract by eme-
sis or gastric lavage followed by activated char-
coal and a saline cathartic. Dermal exposure
should be managed by thorough scrubbing with
soap and water after removal of contaminated

TABLE 8.9. Toxicity characteristics of acute
chlorophenoxy herbicide poisoning

Burning pain in the nose, eyes, throat, and bronchi
Vomiting, diarrhea

Abdominal pain

Lethargy

Weakness

Muscle twitching
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clothing. Specific symptoms are treated as
needed (e.g., lidocaine for ventricular fibrilla-
tion and diazepam for convulsions). Since the
pKa for 2,4-D is 2.6, alkaline diuresis will en-
hance excretion (19). In one case, the half-life
0f2,4-D decreased from an initial 39.5 hrto 2.7
hr when alkaline diuresis was used to produce a
urinary pH of 7.5 to 8.5 (20).

Bipyridyl Compounds

Paraquat and diquat are nonselective herbi-
cides that destroy plant tissue on contact.
These compounds are rapidly inactivated on
contact with soil (68). This unique property
facilitates spraying to control broadleaf weeds
and reseeding the next day.

These compounds produce herbicidal action
by competing with nicotinamide adenine dinu-
cleotide phosphate (NADP) and interfering
with intracellular electron transport systems
during photosynthesis. This reaction involves
the production of methyl viologen, which re-
acts with molecular oxygen to generate toxic
products, such as superoxide anion (24).

Hundreds of cases of paraquat toxicity due to
inhalation of sprays, dermal exposure, intrave-
nous injection, and oral ingestion have been re-
ported (7,25,26,51). Paraquat was at one time
the subject of considerable public interest and
concern (79). It was used to control illicit pro-
duction of marijuana growing in selected areas
in the southern states and in Mexico. Conse-
quently, high concentrations of paraquat were
reported in some marijuana cigarettes. It is sug-
gested that “scarring” of lung tissue could oc-
cur horn smoking these cigarettes or ingesting
baked goods made with the plant. There is little
evidence to document this claim (34). However,
common sense dictates that such “tainted" mar-
ijuana products should be avoided.

Mechanism o f Toxicity

The fatal dose of paraquat for humans may
be as low as 4 mgAcg. The reported LD» val-
ues for paraquat and diquat are 120 mg/kg and
200 to 300 mg/kg, respectively (15).
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Several mechanisms have been proposed
for paraquat toxicity (51,70,71). Much of the
recent evidence has pointed to the inhibition
of superoxide dismutase in lung, generation
of free radicals, and lipid peroxidation. A pro-
posed mechanism is outlined in Fig. 8.5. Para-
quat undergoes single electron reduction,
forming a superoxide anion that is responsible
for inhibition of quinolate phosphoribosyl
transferase. This enzyme is essential in the
biosynthesis of NAD. Since NAD is the main
electron acceptor of cellular respiration,
blockade results in decreased oxygen utiliza-
tion. In addition, the superoxide anion can be
nonenzymatically dismutated to singlet oxy-
gen, which reacts with unsaturated lipids of
cell membranes to form lipid hydroperoxides.
Lipid hydroperoxides are unstable in the pres-
ence of trace metal ions and spontaneously
decompose to lipid-free radicals, ultimately
resulting in membrane destruction and lipid
peroxidation (9,70).

Paraquat also produces a corrosive action
when in contact with eyes, skin, and mucous
membranes of the Gl tract, producing pain,
ulcerations, inflammation, and tissue damage
(51). Paraquat accumulates in lung tissue in
a concentration- and time-dependent manner
(61,66). There is no preferential subcellular
localization (35). Pulmonary pathologic re-
sponse has been divided into two phases (71).
The early, destructive phase is marked by
damage to pneumonocytes with intra-aiveolar
hemorrhage and inflammatory cell infiltration.
The later, proliferative phase involves alveolar
and interstitial fibrosis.

Although paraquat is associated with pul-
monary toxicity, which accounts for its high
mortality rate, the target organ for diquat
seems to be the kidney. Diquat exposure re-
sults in acute renal failure.

Characteristics o f Paraquat
and Diquat Poisoning

Dermal and eye exposure may result in severe
irritation, but systeniic absorption is unlikely.
Inhalation of sprays produces local irritation, but
significant systemic toxicity is not expected. In-



160

NADPH NAOP

OttiydrogtnM*

PESTICIDES

FIG. 8.5. Proposed mechanism of paraquat toxicity.

gestion of paraquat produces severe gastrointes-
tinal irritation followed by toxic damage to the
liver, kidney, and heart. TTie toxicity profile cul-
minates with severe pulnxrnary fibrosis and
hemorrhagic pulmonary edema. Signs and
symptoms associated with acute ingestion of
paraquat are listed in Table 8.10.

Initial symptoms of poisoning, such as gas-
trointestinal irritation, may occur within 1 hr,
but the onset of respiratory problems and
death may occur several days later. For exam-
ple, a victim who ingested a small quantity
(probably no more than several milliliters) of

paraquat did not develop respiratory distress
until 2 weeks later (28). Massive doses may
be fatal within 24 hr (33).

Management o f Paraquat
and Diquat Poisoning

Management of acute poisoning by para-
quat or diquat includes gastrointestinal decon-
tamination, increase of elimination, and reduc-
tion of pulmonary damage (77). Once lung
damage presents, chances for survival are lim-
ited (51,53).
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TABLE 8.10.

Stage 1 1-5 days
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Clinical manifestations ofparaquat poisoning

Local corrosive action

Hemoptysis

Ulcerations of mucous membranes
Nausea, diarrhea

Oliguria

Stage Il 2 -8 days

Signs of liver, kidney, cardiac damage

Jaundice

Fever

Tachycardia, myocarditis

Respiratory distress, cyanosis

Elevated BUN, serum alkaline phosphatase, serum bilirubin,
serum transaminases

Stage Il 3-14 days

Pulmonary fibrosis

Cough, dyspnea, tachypnea

Edema, pleural effusions

Atalectasis

Low arterial oxygen tension

Increased alveolar oxygen tension gradient
Respiratory failure

From refs. 24 and 25.

Initial management is directed at removing
unabsorbed paraquat as quickly as possible.
Several methods have been proposed. Paraquat
and diquat are cationic compounds that are not
absorbed quickly. Therefore, gastric lavage is
recommended. The lavage solution may consist
of a 30% suspension of Fuller’s earth, a 6% to
7.5% suspension of bentonite, or a slurry of
activated charcoal (1 g/kg) (24,53). Activated
charcoal should be repeated every 2 to 4 hr and
followed by a cathartic, such as sorbitol. Whole
gut lavage, using a nasogastric tube and a poly-
ethylene glycol-electrolyte solution, has been
used with some success to decrease paraquat
absorption (61,66).

Efforts to increase elimination of these her-
bicides have included forced diuresis, perito-
neal or hemodialysis, and hemoperfusion

(35.61.77.78) . Each method has met with lim-

ited success because paraquat has a large vol-
ume of distribution. Forced diuresis is effec-
tive only within the first 24 hr. The most
satisfactory results have been obtained with
long-term, continuous hemoperfusion or he-
modialysis in renally compromised patients
(6.61.78)
are kept below 0.1 pg/mL, survival is en-
hanced (15).

Reducing pulmonary damage has been at-
tempted by using glucocorticoids and vitamins

. If plasma paraquat concentrations

C and E, as well as D-propranolol and superox-
ide dismutase (5). Animal experiments have
shown promising results, but therapeutic effi-
cacy has yet to be established (6). Oxygen seems
to accelerate pulmonary toxicity, and hypoxic
concentrations of 15% to 16% oxygen should
be given to reduce pulmonary fibrosis (64).

RODENTICIDES

Rodenticides are substances that kill ro-
dents, especially mice, rats, and squirrels.
They have different mechanisms of action, as
well as potential for human toxicity. The Fed-
eral Insecticide, Fungicide, and Rodenticide
Act (FIFRA) classified these products ac-
cording to their potential for toxicity, as esti-
mated by LDso determinations. Examples are
given in Table 8.11. Some of these com-
pounds, such as strychnine and arsenic, are
covered in other chapters.

Highly Toxic Rodenticides
Thallium

Thallium has been used as a rodenticide and
insecticide for many years. At the turn of the
century it was used therapeutically for syphi-
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TABLE 8.11. Toxicity of mdenticldes

Highly toxic (LD» < 50 mg/kg)

Thallium

Sodium fluoroacetate (Compound 1080)
Strychnine

Elemental phosphonjs— yellow phosphonis
Arsenic

Zinc phosphate

Moderately toxic (LOn 50-500 mg/kg)
a-Naphthyl thiourea (ANTU)

Low toxicity (LDao 500-5.000 mg/kg)
Hydroxy coumarins
Red squill
Warfarin
Norbromide

Us, tuberculosis, dysentery, and ringworm. It
was used topically as a depilatory agent until
the early 1950s. At present, its use as a depila-
tory agent or as a pesticide in the United States
is prohibited. The incidence of poisoning has
declined in recent years; however, thallium is
still the cause of an occasional report of toxic-
ity (14,22,31,82).

Thallium is extremely toxic, with doses of
approximately 1 g being lethal (IS). It is odor-
less and tasteless, which adds to its potential
for accidental ingestion. Toxicity occurs from
a variety of potential mechanisms. Thallium
inhibits sulfhydryl-containing enzymes and
interferes  with  oxidative  phosphoryla-
tion (30).

Signs and symptoms of acute thallium poi-
soning are listed in Table 8.12. Gastrointesti-
nal manifestations begin within hours after
acute ingestion and persist for several days.
Painful paresthesia occurs within days of in-
gestion, followed by motor neuropathy, gener-
alized weakness, and the Guillain-Barré syn-
drome. Mental capacity decreases over time.
Severe cases terminate in coma with death
from respiratory depression, pneumonia, or
cardiac failure. Alopecia is often regarded as
a pathognomonic sign and begins within 1 to
3 weeks. Alopecia occurs because thallium
prevents incorporation of cysteine into protein
and keratin. Unlike other metals, including ar-
senic, which deposit in hair, thallium is not
incorporated into the hair matrix.

Various chelators (see chapter 9) have been
used in an attempt to reduce thallium blood
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concentrations. Although thallium forms che-
lates with calcium ethylenediaminetetraacetic
acid (Ca-EDTA), dimercaprol, and other sub-
stances, renal and pancreatic toxicity is re-
ported. Thus, no clear-cut benefit can be de-
rived from their use.

There is no known effective antidote for
thallium. Management of acute thallium poi-
soning involves gastric evacuation with ipe-
cac-induced emesis or lavage, followed by ac-
tivated charcoal and a cathartic.

Since thallium and potassium have similar
chemical properties, potassium chloride has
been reconunended to hasten thallium excre-
tion (50,55). Potassium chloride apparently
competes with thallium for reabsorption in the
renal tubules. The half-life of thallium with
potassium chloride therapy is lowered from 30
days to 3 to 10 days (55). However, potassium
therapy is hazardous for two reasons. First, it
causes temporarily increased plasma thallium
concentrations. Second, potassium itself may
be toxic, especially if renal function is
impaired.

Prussian blue (potassium ferricyanoferrate

TABLE 8.12. Characteristics of thallium
poisoning

Location Signs and symptoms

Gastrointestinal Nausea, vomiting,
diarrhea

Agitation, confusion,
paresthesias, intense
pain, neuropathy, motor
weakness, Guillaln-
Barré syndrome,
convulsions, memory
loss (short term), poor
concentration, vision
changes (blurred,
distorted, “spots,” loss)

Respiratory depression.

Neurologic

Cardiovascular and

respiratory pneumonia, orthostatic
hypotension, cardiac
failure
Other Alopecia,' renal and

hepatic damage,
smooth and cardiac
muscle necrosis

'Diagnosis is often difficult because signs and
symptoms are nonspecific. However, the appearance
of alopecia, along with the other manifestations, as-
serts a positive diagnosis for thallium poisoning.
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IT) adsorbs thallium and may be used to pre-
vent gastrointestinal absorption. In the alka-
line pH of the intestine, thallium is substituted
for potassium and prevented from being
absorbed.

Phosphorus

Elemental yellow (or white) phosphorus is
an extremely lethal protoplasmic poison that
disturbs carbohydrate, fat, and protein metab-
olism. It impairs the circulation and, with
chronic exposure, interferes with bone growth,
leading to necrosis, especially in the mandible.
This is the source of the so-called “phossy
jaw.” Red phosphorus, on the other hand, is
not absorbed and, consequently, is not toxic.
Match heads contain about 50% red phos-
phorus.

Yellow phosphorus has been accidentally
encountered in a number of industrial settings,
although most cases of human toxicity involve
use as a rodenticide. It is incorporated into a
paste in concentrations up to 5%, and this
paste is spread on bread, cheese, or other food
to attract rodents. Unfortunately, it can also
be ingested by children.

Phosphorus intoxication occurs in three
stages. Initially (stage I), intense gastrointesti-
nal irritation with nausea, vomiting, diarrhea,
abdominal pain, and mucosal burning is pres-
ent. A characteristic garlic odor on the breath
is detected. The vomitus and stool may be
phosphorescent. Phosphorus poisoning has
been described as the “smoking stool syn-
drome.” Stage II may last several hours to
a few days and is characterized by apparent
recovery. Stage III (systemic toxicity) follows,
with convulsions, jaundice and hepatomegaly,
coma, and death, usually due to irreversible
shock or cardiovascular failure.

The phosphorus-poisoned patient may not
show signs of toxicity until stage III. Many
patients quickly pass through stage I or do not
interpret the period as a toxic reaction because
of its lack of severity. Not all patients will
have a garlic odor on their breath or phospho-
rescent vomitus or feces. Too frequently, the
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severity of intoxication may be underesti-
mated because the victim does not have the
classic symptoms (48).

Chronic exposure to low concentrations fre-
quently causeb tooth pain or sore jaws as the
earliest symptom. Necrosis of the mandible,
loss of appetite, weight loss, and anemia are
signs of possible phosphorus exposure.

The mortality rate for acute phosphorus poi-
soning is approximately 25% for victims who
had early symptoms of nausea and vomiting,
nearly 50% when both gastrointestinal and
CNS symptoms were present, and almost 75%
when the first manifestation of poisoning was
restlessness, irritability, drowsiness, stupor, or
coma (48). This difference in survival rates
most likely reflects the interval between time
of ingestion and treatment. The toxic dose is
15 mg, and as little as 50 mg may be le-
thal (27).

Management of acute phosphorus ingestion
is directed at preventing absorption from the
gastrointestinal tract, removing unabsorbed
phosphorus, and providing good supportive
care, since there is no specific antidote. Gas-
tric lavage with potassium permanganate solu-
tion (1:5,(X)0) is recommended to oxidize
phosphorus to harmless phosphates (48).

Low-Toxicity Rodenticides
Warfarin

Warfarin is almost universally accepted as
the most effective means to control rodents.
It is effective in killing rodents but is generally
safe for humans, if used properly. It is com-
mercially available at concentrations ranging
from 0.025% to 0.5%. It is used in baits or
added to drinking water placed where rodents
congregate. Serious toxicity occurs when
these preparations are repeatedly ingested by
humans.

Warfarin inhibits synthesis of the vitamin
K-dcpendent clotting factors in the liver, spe-
cifically factors II (prothrombin), VII, IX, and
X (Fig. 8.6). Prothrombin synthesis is, there-
fore, reduced. This promotes hemorrhage



164

EXTRINSIC CLOTTING
SYSTEM
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INTRINSIC CLOTTING
SYSTEM

FIG. 8.6. Sites of action of warfarin on the blood clotting system. Factors Il, VII, IX, and X are

inhibited.

throughout the body, which is the cause of
death. Warfarin is reported to have a direct
pathologic action on capillary walls (27), but
this response is secondary to action on pro-
thrombin synthesis. The reason for this is that
the half-lives of the four clotting factors are
long (i.c., VII, IX, X. and II; 6, 24, 40, and
60 hr, respectively). Warfarin does not affect
clotting factors already formed, just those that
have not yet formed. Therefore, 1to 3 days
of warfarin administration are required before
a hypoprothrombinémie effect will be seen.

It is estimated that a single dose of IS g of
warfarin would be required to cause death. As
little as 1to 2 mg/kg for 6 days caused severe
illness in a patient attempting suicide (37). A
family of 14 persons accidentally consumed
commeal containing warfarin for IS days.
Their intake of poison was estimated at 102
mg/kg/day (40). All but two of the family sur-
vived, although all family members experi-
enced severe hemorrhage.

Severe toxicity or death is rare after single
or a few repeated doses. Major characteristics
of poisoning are related to hemorrhage. These
include bleeding from the nose (épistaxis) and
gums, easy bruising of the skin, and, ulti-
mately, hemorrhagic shock and death. Pain in
the joints, abdomen, and back probably re-

flects hemorrhage into those areas. Weakness
results from anemia.

During the past several years, several hy-
droxycoumarin anticoagulants have been syn-
thesized to deal with the growing problem of
warfarin resistance in rodents. Resistance de-
velops rapidly because it is genetically trans-
mitted as a dominant trait (37,43). One deriva-
tive, brodifacoum (Talon) is highly effective
against warfarin-resistant rodents. Its antico-
agulant action in humans is similar to that in
rodents (63). Studies in dogs show that its
half-life is approximately 120 days (43). Suc-
cessful treatment for poisoning requires weeks
to months of active therapy with viuunin K]
to reverse severe, prolonged coagulopathy
(84,86).

Warfarin ingestion .should be treated by
ipecac-induced emesis or gastric lavage if a
dose known to induce symptoms was ingested
within the preceding 2 to 3 hr. This may be
followed by activated charcoal. In smaller in-
gestions, emesis or adsorbents are not neces-
sary. The victim should be monitored for de-
velopment of symptoms.

Management of overdose or of undetermined
doses when symptoms are present includes the
use of the specific antidote, vitamin K| (phyto-
nadione). Prothrombin should return to normal



FETICIDES

within 24 hr. Vitamins K3 (menadione) and K4
(menadiol) are not effective. Fresh blood or
plasma transfusions or plasma concentrates of
the vitamin K-dependent clotting factors are
indicated if hemorrhage is severe.

Prognosis is good when vitamin K] is given.
However, because death may occur 1 to 2
weeks after poisoning, the victim must be ob-
served carefully.

Red Squill

Red squill bulbs contain at least two glyco-
sides, scillaren A and scillaren B, which pos-
sess potent cardiotoxic actions similar to those
of digitalis. Signs and symptoms of toxicity
are treated similarly to digitalis poisoning.
Those that indicate probable red squill poison-
ing include blurred vision, cardiac arrhyth-
mias, and convulsions.

Red squill has been used as a rodenticide for
many years. It is considered to be of low toxic-
ity in humans because it possesses a powerful
emetic action, and little is absorbed. Rodents do
not have a vomiting reflex and, consequently,
cannot vomit. Interestingly, rodents die of
chronic convulsions with respiratory failure
rather than from the cardiac effects (27).

SUMMARY

Pesticides, unlike some other substances
found in the home, are often considered by
most people to be extremely toxic. Instead of
being handled with the caution they deserve,
however, pesticidal products are used care-
lessly and often in great excess of amounts
actually required to control the pests for which
they are intended. This then leads to human
poisoning and needless suffering.

Case Studies

CASE STUDY: MYSTERIOUS
POISONING IN A CHILD

History

Eleven hours before admission to an emer-
gency facility, a 3-year-old boy began to
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vomit. His mother gave him children’s aspirin
and lemon juice. Two hours later he began to
experience tremors and complained of abdom-
inal pain and headache. He gradually became
tremulous and limp. These symptoms contin-
ued to worsen, so he was brought to a hospital.

At the hospittil, the boy was awake but le-
thargic. Eventually, he became flaccid and co-
matose. Pupils were miotic (I mm). At no time
were seizures noted. He did have prominent
fasciculations on one thigh.

There was no evidence suggesting ingestion
of any toxic substance or prior trauma. Other
family members remained well.

Physical examination revealed that his
blood pressure was 130/60 mm Hg; pulse, 130
beats/min; and respirations, 30/min.

Laboratoiy flndings are shown in Table
8.13. A toxicology screen was negative for
sedative-hypnotic drugs, alcohol, heavy met-
als, salicylates, phenothiazines, and opioids.

Several different diagnostic avenues were
pursued to determine the reason for these
symptoms. First, a 0.2-mg dose of naloxone
was given intravenously. Neither respirations
nor pupil size changed. Other treatment con-
sisted of 20% mannitol, 20% dexamethasone,
20% ampicillin, and 40% oxygen.

Eight hours after admission, the boy was
given O.IS mg atropine intravenously, but no
response was seen until 500 mg pralidoxime
was given. An increase in electroencephalo-
gram (EEG) activity was noted within 2 min,
and eventually consciousness was restored.

A ketchup bottle found at the child’s home
contained a white, milky liquid that was iden-
tified as a 20% solution of parathion. The
mother had brought the liquid back from El

TABLE 8.13. Laboratory findings

Na* =133 mEq/L
co, =18 mEejlL
BUN* =18 mg/dL
Serum creatinirre =0.7 mg/dL
Hematcx:rit =35

pH =7.27

pCO, =43 mm Hg
pO, =150 mm Hg

*BUN, blood urea nitrogen.
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Salvador for treatment of lice. The substance
had been placed on the child’s head for 20
min the evening before admission. (See
ref. 45.)

Discussion

1. Given the information in this case study
and in this chapter, can you predict in what
class the pesticide in this case study be-
longs?

2. Is the delayed onset of symptoms consis-
tent for this group of pesticides?

3. When the test dose of naloxone was given
and neither respirations nor pupil size
changed, what type of possible poison was
ruled out?

4. Explain the origin of fasciculations noted
in this child.

5. Is pralidoxime expected to relieve CNS
manifestations of insecticide poisonings?
How does it convey pharmacologic activity
overall?

CASE STUDY:
ORGANOPHOSPHORUS POISONING

History

A 68-year-old man with a history of depres-
sion attempted suicide by consuming 3 ounces
of concentrated Cygon 2-E (23.4% dimetho-
ate), an organophosphotus insecticide. (If the
concentrated solution had been diluted as di-
rected, it would have yielded 15 gallons of in-
secticidal mixture.) The man was brought to a
hospital within 20 min. Thirty milliliters of
syrup of ipecac and 60 g of activated charcoal
were given immediately to decontaminate the
GI tract.

Physical examination revealed normal car-
diovascular, pulmonary, and neurologic func-
tions. Pupils were dilated but reactive to light.
The abdomen was soft and not tender. The
patient became progressively more lethargic
over the next hour and soon lost conscious-
ness, responding only to deep pain. Blood
pressure at this time was 46/0 mm Hg, and
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pulse was 116 beats/min. He was intubated
and given pralidoxime, 1 g. He was kept in
the intensive care unit (ICU) until 24 hr after
exposure and then transferred to a general care
ward after his condition stabilized.

Within 8 hr the patient relapsed and was
sent to the coronary care unit (CCU). There
he was started on atropine, 5 mg every 10
min, which was continued for 24 hr. He was
given a 4-g dose of pralidoxime and then was
transferred to an atropine drip delivered at the
rate of 0.5 to 2.4 mg/kg/hr. This was main-
tained for the next 5 weeks.

He continued to experience episodes of re-
spiratory and cardiac difficulty which pro-
gressed to asystole. He showed typical symp-
toms of hypercholinergic activity: miosis,
hyperactive Irawel sounds, salivation, and fas-
ciculations. He also developed generalized
seizures, which were controlled with intrave-
nous phenytoin, diazepam, and phénobarbital.

Overall, this patient required a total dose of
30 g atropine, and this is reported to be the
largest therapeutic dose ofthat drug ever given
to a human, with survival. Control of hyperse-
cretions was the criterion followed for moni-
toring this patient.

All the while, the patient required full sup-
portive measures, including total parenteral
nutrition and bronchopulmonary hygiene. By
5 weeks he was markedly improved, and atro-
pine was withdrawn.

The patient was discharged on the 42nd
hospital day. He was in good health except
for a noticeable hearing deficit and a slight,
nonspecific personality change. (See ref. 42.)

Discussion

1. List as many factors as you can to explain
reasons for the severity of this exposure.

2. Comment on the benefit that syrup of ipe-
cac and activated charcoal may have had
on the outcome of this patient. Would other
methods of gastrointestinal decontamina-
tion have been useful?

3. The initial 1-g dose of pralidoxime was
standard, according to the package label.
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Based on the therapeutic response, should
a larger dose have been used?

4. What was the most compelling reason for
switching this patient to a continuous atro-
pine drip after about 24 hr of intermittent
bolus dosing?

CASE STUDY: PROLONGED
TOXICITY TO
ORGANOPHOSPHORUS POISONING

History

A 39-year-old woman was admitted to an
emergency facility. She had a history of
chronic depression and had attempted suicide
6 hr earlier by taking, among other items,
about 2 ounces of fenthion. This is a long-
acting organophosphorus insecticide that has
a high lipid solubility. It also contains a sulfate
group in its chemical structure that makes it
highly resistant to hydrolysis. It is sold com-
mercially for agricultural use.

On admission the patient was treated with
naloxone, 4 mg; activated charcoal, magne-
sium citrate; and pralidoxime, 1g. Her hospi-
tal course of therapy and enzyme activity are
summarized in Fig. 8.7.

On transfer to the ICU, she was lethargic
but oriented. She responded to verbal stimuli.
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and physical examination was otherwise nor-
mal. A blood sample was taken to determine
erythrocyte acetylcholinesterase and serum
pseudocholinesterase activity. All routine lab-
oratory tests were in the normal range.

Over the next 24 hr, the patient appeared
to be anxious. She experienced occasional di-
arrhea. She was transferred to a medical-
psychiatric ward the next day.

On her 5th hospital day, she experienced car-
diac and respiratmy arrest. She was successfully
resuscitated and returned to the ICU. At that
time, a blood sample showed that pseudocholin-
esterase activity was significandy depressed
(<1% ofnormal). By 5 hr after readmission to
the ICU, the patient became hypotensive and
developed sialorrthea and generalized muscle
fasciculations. Another 1-g dose of pralidoxime
caused cholinergic symptoms to resolve. She
was slowly weaned off artificial ventilation and
was extubated on day 12.

She again developed respiratory problems
and was reintubated on the evening of the 13th
day. At this time, muscular spasms, broncho-
spasm, profuse sialorrhea, lacrimation, and
tachycardia (150 beats/min) were noted. She re-
ceived atropine and pralidoxime (1 g/I2 hr).
Symptoms resolved, except for occasional peri-
ods of delusions. Atropine and pralidoxime were
withdrawn on day 18. By day 22 she appeared to

FIG. 8.7. Graphic summary of hospital course of a patient poisoned with an organophosphorus

insecticide. (From ref. 49.)
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be doing well and was extubated; supplemental
oxygen was continued. A sample of fat tissue

was obtained for insecticide analysis.
On the moming of day 24, the patient was

weak and tremulous. Mild fasciculations of mus-
cles around her eyes and in her legs were noted.
Shortly, she had a major motor seizure, foUowed
by a second one. She was intubated and again
given atropine and pralidoxime (1 ~12 hr). All
cholinergic symptoms and seizure activity re-
solved. She continued to expoience persistent
delusions. She was extubated on day 27.

By day 30 the patient’s mental status im-
proved markedly. Atropine was withdrawn,
with no reappearance of cholinergic symp-
toms. Pralidoxime was continued until analy-
sis of tissue samples on day 37 revealed that
all traces of insecticide had disappeared. The
patient was discharged on the 38th day ofhos-
pitalization. (See ref. 49.)

Discussion

1. Discuss the pharmacologic implication of
the lipid solubility and resistance to hydro-
lysis of fenthion, as they relate to the toxi-
cologic outcome of poisoning.

2. Why did this patient receive naloxone on
admission? Why were activated charcoal
and magnesium citrate given?

3. Symptoms of delusion were constant and
sometimes the singular symptom for 18
days (days 13 to 30). What caused the
problem? Atropine? Support your answer
with the facts of this case study.

4. Would this patient have responded better
overall if pralidoxime had been started on
admission and continued without interrup-
tion? Support your answer.

5. The patient experienced tachycardia on day
13 and had fasciculations on day 24. What
caused them?

CASE STUDY: LINDANE
INTOXICATION

History

An 18-month-old boy had been treated pro-
phylactically with lindane since his older sis-
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ter had been diagnosed as having scabies. He
was healthy, without any other apparent medi-
cal problems. The instructions were to apply

a lindane lotion product for two consecutive

nights, from neck to toes, after a hot bath and
to wash it off the following morning. (This is
a standard protocol for scabies).

The morning after the second treatment, the
infant’s mother forgot to wash off the lindane.
Approximately 12 hr after the second treat-
ment, the infant experienced a generalized
convulsive seizure that lasted about 30 min.
Shortly thereafter, he had another seizure. He
was then taken to a hospital.

When he arrived, he was experiencing
tonic-clonic movement. He was restless, le-
thargic, and disoriented. He was given diaze-
pam intravenously to control seizure activity
and improved. There were no signs of head
trauma or systemic illness to account for the
clinical findings.

A toxicology screen of blood and urine for
drugs was negative, but a qualitative test for
lindane was positive. He received a thorough
washing. Later, blood samples showed lindane
concentrations of 0.450 ppm at 12 hr, 0.080
ppm at 24 hr, and 0.029 ppm at 96 hr after
the second application.

Electroencephalograms obtained within the
first 48 hr and liver function tests were both
normal. The infant was discharged. Complete
recovery was evident during a checkup 3
weeks later. (See ref. 75.)

Discussion

1. Would the toxic effects of lindane be more
or less prominent if the solution were in-
gested, as opposed to percutaneous absorp-
tion? Why or why not?

2. Why was the onset of seizures delayed for
at least 12 hr?

3. Lindane lotion was applied after a hot bath.
Did this possibly make a difference in the
amount of poison absorbed versus applica-
tion to cold skin?

4. Is lindane effectively removed by (a) he-
modialysis, (b) charcoal hemoperfusion, or
(c) peritoneal dialysis?
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5. To what general class of insecticide poi-
sons does lindane belong?

CASE STUDY: FATAL NICOTINE
INGESTION

History

A 17-year-old boy who had been under
“house arrest” at his parents’ home for drug-
related offenses was threatened with being
taken to the juvenile detention center because
of a domestic dispute with his family. He told
his family that “they’ll never take me alive”
and promptly swallowed a brownish liquid
from an unlabeled test tube. He had obtained
this solution from a fellow Satanic cult mem-
ber, expressly to take his own life in such a
circumstance. -

Approximately 1to 2 min later, the patient
vomited and collapsed, pulseless, to the
ground. Responding medics performed inune-
diate cardiopulmonary resuscitation (CPR)
and advanced cardiac life support in less than
7 min. His initial rhythm of asystole converted
to ventricular fibrillation with 1 mg of intrave-
nous epinephrine 1:10,000. He was defibril-
lated, placed on lidocaine for premature ven-
tricular contractions, given SO % dextrose in
water (DjoW), 2 mg naloxone, and transported
to a hospital.

On arrival, the patient was in coma (scale
3). His pulse was 100 beats/min; blood pres-
sure was 70 mm Hg systolic. Vomitus was
present at the nares. Breath sounds were re-
markable for the presence of extensive rhon-
chi. Bowel sounds were absent. Extremities
were flaccid, with response to deep pain. No
corneal or deep tendon reflexes were present.
A urine toxicology screen was positive for
nicotine; a serum toxicologic screen was
negative.

Mechanical ventilation was maintained.
The patient received gastric lavage with 2 L
normal saline followed by instillation of 50 g
activated charcoal.

With the preliminary diagnoses of overdose
of an unknown agent, cardiopulmonary arrest.
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and probable aspiration pneumonitis, the pa-
tient was managed supportively and admitted
to the intensive care unit. Some time later,
detectives arrived with an old bottle of pesti-
cide labeled nicotine alkaloid, which they had
obtained from a friend ofthe patient. The solu-
tion contained 870 mg of nicotine per mL.
The patient’s serum nicotine concentration,
subsequently, was shown to be 13,6(X) ng/mL.

Over the next couple of hours, the patient
had multiple seizures, which were controlled
with diazepam, phenytoin (Dilantin), manni-
tol, and dexamethasone (Decadron). A CT
scan showed cerebral edema, and EEC and
evoked potential testing showed no cortical
function. The patient was assumed to have
suffered anoxic brain death. Intractable hypo-
tension occurred on the 2nd hospital day, and
the patient died 64 hr postingestion. (See
ref. 41.)

Discussion

1. What was the purpose of giving naloxone
and DjoW before transporting this patient
to the hospital?

2. The patient had a urine toxicologic screen
that was positive for nicotine but a negative
serum toxicologic screen. What is the sig-
nificance of this finding?

3. What was the cause of this patient’s “an-
oxic brain death” ?

4. What effect did the fact that this patient
was a smoker have on the outcome of his
poisoning with an overdose of nicotine?

CASE STUDY: INSECT REPELLENT
TOXICITY

History

A 6l-year-old woman in otherwise good
health was admitted to the hospital. After cov-
ering herself with sunscreen and a DEET-
containing insect repellent, she had begun
working in her yard. Shortly, she had devel-
oped lightheadedness and returned to the
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house to sit down and drink a cup of coffee.
Symptoms resolved at that time.

She returned to the yard then developed pre-
syncope and fell to the ground but did not
lose consciousness. She reported that she was
unable to speak at that time. She also devel-
oped nausea, vomiting, and explosive diar-
rhea. She was able to crawl inside to telephone
her husband. Her husband, an internist, found
her systolic blood pressure to be 80 mm Hg
and immediately took her to the emergency
department. On arrival, blood pressure varied
from a palpable systolic of 70 to 100/60 mm
Hg. She had orthostatic hypotension.

Treatment consisted of intravenous sodium
chloride, which resulted in improvement in
blood pressure. She was then admitted to the
hospital for observation because of her or-
thostatic hypotension, nausea, vomiting, and
diarrhea.

The patient was in obvious distress and had
her eyes closed. She was having noticeable
“chills.” She denied chest pain or palpita-
tions. She also denied any recent upper respi-
ratory infection, abdominal pain, melena, or
hematemesis.

Examination was significant for relative hy-
potension and orthostatic change in blood
pressure. Temperature was 36.6°C; heart rate,
70 beats/min; respirations, 18/tnin. Her skin
felt warm to the touch.

Electrocardiogram recording showed marked
sinus bradycardia (heart rate, 44 beats/min) but
was otherwise normal. A repeat recording 1 hr
later revealed sinus rhythm at a rate of 64 beats/
min and no abnormalities.

The patient became completely asymptom-
atic and had a stable blood pressure several
hours after admission. No rechallenge with
DEET was attempted. She was dismissed in
her usual state of health the following day
with a presumptive diagnosis of DEET toxic-
ity. (See ref. 11.)

Discussion

1. The patient wore only shorts and a halter
top when doing her yard work on the event-
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ful morning. She reported it as a “ hot sum-
mer day.” Also, she applied a sunscreen
product along with the DEET. Postulate
how the factors described here may have
increased absorption of repellent.

2. What was the source of orthostatic hypo-
tension for which this patient was hospital-
ized?

CASE STUDY: PARAQUAT
POISONING

History

A 17-year-old boy accidentally ingested a
mouthful of paraquat. An unprovoked vom-
iting episode occurred about 10 min later. He
was brought to a local hospital 5 days after
ingestion complaining of nausea, vomiting,
and burning pain in the mouth and throat. He
remained at this hospital for 4 days, during
which time he developed a low-grade fever
and was lethargic and confused. He had ele-
vated SCOT levels and increased serum creat-
inine.

The patient was then transferred to a large
medical center. His admitting examination re-
vealed a lethargic individual with respirations,
32/min; blood pressure, 112/82 mm Hg; tem-
perature, 99.ST; and pulse, 84 beats/min.
Laboratory values are shown in Table 8.14.

Initial treatment consisted of 7 g methyl-
prednisolone intravenously per day, along
with hemodialysis. The patient remained on

TABLE 8.14. Laboratory findings

Hematocrit =45%

WBC =21,000/mm
BUN =100 mg/dL
Serum creatinine =9 mg/dL
pH =7.42

PO2 =58 mm Hg
pCOj =33 mm Hg
CPK =6,996 mU/mL
LDH =493 mU/mL
SGOT =128 mU/mL
Alkaline phosphatase =122 mU/mL

WBC, white blood cells; CPK, creatinine pho*ihoki-
nasa; LDH, lactate dehydrogenase; SGOT, serum glu-
tamate oxaloacetate transaminase.
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dialysis for 7 days, at which time his renal
function recovered and an adequate urine out-
put was maintained.

Despite this apparent recovery, the patient
had a steady decline in respiratory function
and increased oxygen requirement as a result
of irreversible lung damage. He died approxi-
mately 3 weeks after ingestion. (See ref. 17.)

Discussion

1. Do the symptoms and laboratory values
presented in this case study correlate with
the expected toxic effects of paraquat?

2. Would gastric lavage with fuller’s earth
have been of any benefit when he was ad-
mitted? (Read the case study that follows.)
What about activated charcoal?

3. Is it a consistent finding in paraquat intoxi-
cation that lung damage is delayed?

CASE STUDY: THE CASE OF THE
“DEADLY” ANTIDOTE

History

A 39-year-old man attempted suicide by in-
gesting 100 mL of 20% paraquat solution. He
was admitted to an emergency facility, decon-
taminated by gastric lavage, and then given
30% Fuller’s earth suspension (in isotonic sa-
line) at a rate of 250 mL every 4 hr. On the
3rd day peristalsis disappeared, and an abdom-
inal X-ray film showed distension of the small
and large bowel, with the appearance of enor-
mous fecaliths. All the while the patient also
continued to receive enemas and purgatives
(not identified by the case study).

On the 3rd day, serum calcium concentra-
tions were noted to be increased, as shown in
Table 8.15. The patient did not receive cal-
cium salts or vitamin D, and thus neither could
be considered as a cause of the hypercalcemia.

This case study concluded with: “The pa-
tient died six days after intake as a result of
paraquat-induced lung edema.”’ (See ref. 80.)
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TABLE 8.15. Laboratory findings

Day Serum calcium (mg/dL)

9.3
9.2
11.9
13.0
10.9
10.8

O AWN

Discussion

1. Can you suggest what might have actually
caused this patient’s death? (Hint; Fuller’s
earth contains 4.2 g CaO per 100 g.) Do
you believe that the amount of paraquat
solution he drank would have been suffi-
cient to cause his death? If you choose this
latter cause, then does paraquat per se
cause hypercalcemia?

2. What are fecaliths? How did they form in
this patient?

CASE STUDY: POISONING BY 2,4-D
History

A 26-year-old male mental patient inten-
tionally ingested 75 mL of a herbicide product
containing 2,4-dichlorophenoxyacetic acid
and 4-chloro-2-methylphenoxypropionic acid.
He was brought to an emergency facility 10
hr after ingestion.

On admission, he was in grade 4 coma but
did not require mechanical respiratory assis-
tance. Gastric lavage was performed. Physical
examination revealed dilated pupils, but re-
flexes were normal and there was no indica-
tion of muscle damage. The chest and abdo-
men were normal. There were no corrosive
bums in the mouth, but a phenolic smell was
detected on his breath.

Laboratory findings revealed slight hyp-
oxia, metabolic acidosis, and slight liver dam-
age. Even though urinary output and adequate
hydration were maintained, his blood urea ni-
trogen (BUN) increased to 159 mmol/L and
serum creatinine to 165 /xmol/L. On admis-
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sion, serum 2,4-D concentration was
79.6 mg/L.

Forty-eight hours after admission, the pa-
tient responded to sounds and apparently did
well from that point forward. (See ref. 87.)

Discussion

1. Would herbicides such as 2,4-D adsorb
onto activated charcoal?

2. Would forced alkaline diuresis help pro-
mote the excretion of 2,4-D? If so, why
was it not used?

3. Overall, this case was unremarkable. Com-
pared to 2,4,5-T, the herbicide 2,4-D is
much less toxic. Had this patient been seri-
ously intoxicated, what organ would have
been affected?

CASE STUDY: PHOSPHORUS
INTOXICATION

History

A 24-year-old woman ingested 4S mL of
Steam’s Electric Brand Paste (containing ap-
proximately 2.5% phosphorus) along with a
quantity of ethanol. Forty-five minutes later,
she began to vomit and experience abdominal
cramping. This continued off and on for about
4 days. Afterward, she sought medical atten-
tion at a hospital.

On admission, she was alert and coopera-
tive but still complained of abdominal pain,
jaundice, and decreased urine output. Physical
examination revealed blood pressure, 80/68
mm Hg: pulse, 108 beats/min; respirations,
28/min; and temperature, 98.2°F. Her sclera
were yellowed, and she had shallow bums on
the lips and diffuse abdominal tenderness. Ar-
terial blood gases showed pH, 7.51; p02, 94
mm Hg; and pCOz, 27 mm Hg.

Other laboratory findings are shown in Ta-
ble 8.16. She was stable throughout her 16-
day hospital stay.

The patient was treated with calcium chlo-
ride, vitamin K, and fluids. Urine output was
severely depressed, and her BUN increased
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TABLE 8.16. Laboratory findings
BUN =133 mg/dL
Na* =129 mEq/L
=6.3 mEq/L
Cr =74 mEqA
HCOi =22 mEq/L
Ca?* =6.4 mg/dL
SGOT =2.574 U
SGPT =371 U
Amylase =1,826 U
PT =40% of normal
PTT =86.1 sec (control, 275 sec)
Creatinine =7.6 mg/dL
Total bilirubin =4.4 mg/dL

SGPT, serum glutamate pyruvic transaminase; PT,
prothrombin time; PTT, partial thromboplastin time.

to 108 mg/dL, creatinine to 9.5 mg/dL, and
amylase to 2.083 U/L.

At this point, she received 50 passes of peri-
toneal dialysis. It was not until the 8th day
postadmission that liver function tests im-
proved, and 10 days after admission diuresis
began. She left the hospital against medical
advice on the 16th day and appeared well. She
was reexamined in the medical clinic for the
next 2 months and continued to make steady
improvement. (See ref. 48.)

Discussion

Why did the phosphoms product cause
burning in the oral cavity?

2. Was the patient’s serum calcium concen-
tration normal? If not, with what symptoms
does it correlate?

3. Are the liver function tests normal or ele-
vated? What does this suggest?

4. Can you give an explanation for the hypo-
tension observed?

5. What is the significance of the patient’s
prothrombin time (PT) and partial throm-
boplastin time (PTT) values?

6. What does the elevated BUN, serum creati-
nine, and total bilirubin suggest?

CASE STUDIES: THALLIUM
POISONING

History: Case 1

About 3 weeks before hospital admission,
a 35-year-old female schoolteacher began to
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notice numbness in her extremities. She was
always tired, often vomited, and no longer had
an appetite. She also noticed some hair loss.
Eventually, her vision deteriorated and be-
came “fiizzy,” and she experienced episodes
of visual hallucinations. She had trouble judg-
ing distances, and concentration became pro-
gressively more difficult.

Two weeks before the hospital admission
mentioned above, she was observed at a local
hospital. Physical examination revealed blood
pressure of 150/100 mm Hg with marked or-
thostatic changes and pulse of 100 to 120
beats/min. Neurologic examination showed
decreased sensation in the hands and feet with
decreased muscle strength, especially in the
legs. Stretch reflexes were normal. Serum po-
tassium concentration were 3.5 mEqg/L. She
was discharged pending urinary heavy metal
analysis.

She was later admitted to a medical center
hospital where she presented with severe pain
in the lower extremities and marked alopecia.
Her supine blood pressure was 160/110 mm
Hg and, while sitting erect, 140/100 mm Hg.
A neurologic examination did not show major
pathologic disturbance. There were some
problems with attention span and with making
calculations.

Serum electrolytes were decreased, but he-
matologic values were within normal limits.
Suspected thallium intoxication was con-
firmed when urinary thallium concentrations
were shown to be 3,100 /.tg/dL.

The patient was treated with 15 mg of 10%
KCI every 8 hr. No other indication of addi-
tional therapy was stated, and the source of
intoxication was not determined. (See ref. 22.)

History: Case 2

A 52-year-old man deliberately ingested
20 g thallium iodide (12 g thallium), which
he calculated from a chemical reference book
to be 20 times the fatal dose. He was brought
to the emergency facility while complaining
of intense abdominal cramping and nausea.

Treatment consisted of administering 1 g of
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activated charcoal 4 times a day for 5 days; a
cathartic, 40 mEq of KCl, 4 times a day for
6 days; and peritoneal dialysis.

The progression of signs and symptoms is
presented as given below:

Week 1: Abdominal colic, constipation, se-
vere pain. Motor weakness of the lower
extremities.

Week 2: Severe postural hypotension. Agita-
tion, confusion, short-term memory loss.

Week 3: Alopecia.

Improvement of motor weakness and pos-
tural hypotension was noted within 1 month.
The patient was discharged to a nursing home
to regain muscle strength and returned home
a year later with some persistent neurologic
problems, particularly muscular weakness and
difficulty walking. (See ref. 39.)

Discussion

1. In both cases, marked orthostatic hypoten-
sion was noted. Why did this occur?

2. How does thallium manifest its toxicity?

3. What was the purpose for giving 1 g acti-
vated charcoal every 4 hr for 5 days in case
2? Was it of any value?

4. In both cases, potassium therapy was
given. Why?

5. Alopecia was present in both patients.
What caused it?

CASE STUDY: PROLONGED
POISONING BY A COUMARIN
DERIVATIVE

History

A 17-year-old boy attempted suicide by
consuming approximately 7.5 mg (0.12 mg/
kg) brodifacoum (a long-acting hydroxy-
coumarin derivative) contained in a commer-
cially available rodenticide. He was admitted
to aregional hospital with flank pain and gross
hematuria, and subsequently he developed
bleeding gums and epistaxis. He had a pro-
longed prothrombin time and activated partial
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TABLE 8.17. Treatment regimens for brodifacoum poisoning
in a 17-year-old boy

Product

Vitamin Ka, 10 mg i.vyday
Vitamin Ka, 10 mg oraiiy/day
Vitamin Ki, 5 mg s.c. twice/day
Viteunin Ka, 10 mg s.c. twice/day

Prothrombin compiex, 1,700 units i.v.

Stored plasma, 2 units i.v.
Fresh-frozen plasma, 2 units Lv.

Phénobarbital, 50 mg orally, twice/day

From ref. 37.

Day postingestion

24-34
38-44
45-48
49-56
25
37
40 and 49
52-56

1.V., intravenous; s.c., subcutaneous.

thromboplastin time (aPTT), both exceeding
120 sec. He was given large doses of vitamin
K and plasma-product infusions. Despite
treatment, PT and aPTT values remained pro-
longed. The patient was transferred to another
hospital 23 days later for further evaluation.

On admission, vital signs were normal. He
had a large, painful hematoma on his left
thigh. His PT was 25.2 sec (reference range,
11.5 to 12.5) and aPTT was 54.5 sec (refer-
ence range, 20 to 29). Hemoglobin was 8.5
g/L, and platelet count was 487 x 10°/L. A
fecal occult blood test was positive. Vitamin
K-dependent coagulation factors were re-
duced.

Because of concern about potential intra-
cranial bleeding, a single dose of prothrombin
complex was given. He continued to receive
vitamin K, plasma, and iron supplements.
Near the end of his hospital stay, he was pre-
scribed phénobarbital. This therapy is summa-
rized in Table 8.17.

By day 51 postingestion, PT and aPTT had
returned to normal values. Therapy was con-
tinued to day 55 and then was discontinued.
(See ref. 37.)

Discussion

1. Name the vitamin K-dependent coagula-
tion factors. What are their normal half-
lives?

2. Discuss the meanings of the terms hema-
toma, épistaxis, and flank pain.

3. Why was phénobarbital added to this pa-

tient's regimen beginning on day 527
Should it have been added earlier, or was
it inappropriate to give it at all?

The text states that vitamin K3is not effec-
tive in treating warfarin overdosage. Why
then was this form of vitamin K given to
this patient on days 38 to 44?

Review Questions

1. After ingestion of an organophosphorus
insecticide, which of the following effects
can be expected to occur?

A. Massive nicotinic response
B. Massive muscarinic response
C. Both of the above

D. Neither of the above

2. Which of the following is a characteristic

symptom of thallium intoxication?
A. Arrhythmia

B. Hypercalcemia

C. Hemorrhage

D. Alopecia

3. Which of the following is a true state-

ment?

A. Carbamate insecticides are generally
more toxic than organophosphorus
compounds.

B. After phosphorylation of plasma cho-
linesterase, several days are needed
for activity to return to normal.

C. Organophosphorus insecticides cause
miosis and tachycardia.

D. Erythrocytic anticholinesterase levels
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correlate with levels of enzyme in the
brain.

Appearance ofa SLUD syndrome charac-

terizes poisoning by which of the follow-

ing?

A. Phosphorus

B. Organophosphorus compounds

C. Warfarin

D. Paraquat

Which of the following is true about or-

ganochlorine insecticides?

A. They are water soluble and, hence,
biodegradable.

B. Their toxic effects are treated with 2-
PAM.

C. They are less toxic, on a milligram-
to-milligram basis, than organophos-
phorus compounds.

D. Percutaneous absorption in humans is
rapid and complete.

The major site of toxicity of organochlo-

rine insecticides is the:

A. Liver

B. Brain

C. Kidney

D. Heart

Which of the following produces symp-

toms of poisoning largely identical to

those of DDT: lindane (I), methoxychlor

(II), or TEPP (UI)?

A. T only

B. 1II only

C. T and II only

D. II and III only

A victim of “derris” intoxication should

receive treatment for poisoning by:

A. 2,4-D

B. Diquat

C. Rotenone

D. Pyrethrins

The major site of toxicity to paraquat is the:

A. Lung

B. Liver

C. Brain

D. Kidney

Polychlorinated biphenyls are chlorinated
hydrocarbon insecticides.

A. True

B. False

11.

12.

13.

14.

15.

16.
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Which of the following pesticides inhibits
synthesis of vitamin K-dependent clotting
factors?

A. Thallium

B. Lindane
C. Warfarin
D. Phosphorus
Symptoms of diquat poisoning are identi-
cal to those caused by paraquat.

A. True

B. False
A victim of paraquat ingestion will expect
the most significant toxic symptoms in
which of the following systems?

Brain

Kidney

Lung

Heart

. Liver

All of the following are true statements

about pralidoxime except:

A. Another name for pralidoxime is 2-
PAM.

B. It has the same mechanism of action
as atropine.

C. It is not useful in poisoning by carba-
mates.

D. It should be used cautiously in persons
with myasthenia gravis.

Which of the following is true concerning

insecticide toxicity?

I. Enzyme aging to organophosphorus
poisoning implies that the enzyme that
metabolizes these poisons is no longer
active.

II. A benzodiazepine derivative is the
antidote of first choice for DDT- or
lindane-induced convulsions.

The major symptoms of pyrethrin in-
toxication would be the result of inhi-
bition of AChE.

I only

II only

I1I only

I and II only

II and III only

A victim of poisoning presented with the
following symptoms and signs:

moOow>

III.

mo 0w



176

17.

18.

19.
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CNS: apprehensive, irritable, hypersus-
ceptible to stimuli

Cardiovascular system (CVS):
normal limits

Eyes: normal

GI tract: nausea, vomiting, normal activ-
ity otherwise

Lungs: no perceived abnormality

Kidneys: no perceived abnormality

Hepatic functions: no perceived abnor-
mality

Which of the following poisons did this

individual most likely encounter?

A. Parathion

B. Paraquat

C. 24,5-T

D. Ethylene glycol

E. Kwell
Which of the following is true about or-

ganochlorine insecticides?

A. They are water soluble and, hence,
biodegradable.

B. Their use as ectoparasiticides is con-

traindicated.
C. They are less toxic, on a milligram-

to-milligram basis, than organophos-
phorus compounds.

Percutaneous absorption in humans is
rapid and complete.

E. The SLUD syndrome is characteristic

of ingestion by humans.

Excretion of 2,4-D can be hastened by
altering the pH of urine. This may be ac-
complished best by:

A. Increasing urinary pH with sodium bi-

carbonate
B. Increasing urinary pH with ammo-

nium chloride
C. Decreasing urinary pH with sodium

bicarbonate
D. Decreasing urinary pH with ammo-

nium chloride
The delayed neurotoxic effect after inges-

tion of pesticides is rare, but is closely
related to which of the following?
Pyrethrins

Organochlorine compounds
Organophosphorus insecticides
Paraquat

Coumarin derivatives

within

D.

mo QW

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

L.

The defoliant Agent Orange, which was
used extensively in the Vietnam War,
consisted of:

Lindane and DDT

Paraquat and diquat

Thallium and phosphorus

Pyrethrum and piperonyl butoxide

. 2,4-D and 2,4,5-T

Explain the probable cause of the “de-
layed neurotoxic effects” sometimes seen
with organophosphorus insecticides.

In treating severe organophosphorus tox-
icity, why is it essential that both atropine
rmd 2-PAM be given to assure maximum
patient benefit?

What is the specific rationale for per-
forming gastric lavage with solutions of
copper sulfate in victims of phosphorus
ingestion?

Discuss the major symptoms associated
with each stage of phosphorus poisoning.
Describe the mechanism of toxic action of
warfarin. What are the biochemical events
that lead to the appearance of symptoms
of toxicity?

Labels of products containing pyrethrum
warn persons with hay fever or severe
allergies to avoid inhaling the solutions.
What is the specific reason for this pre-
caution?

An acute poisoning with nicotine causes
initial muscle stimulation followed by
muscular weakness. How does nicotine
cause this cyclic effect?

Discuss the toxic potential of dioxin.
What is its source(s), and how can acci-
dental exposure to it best be avoided?

A victim of insecticide ingestion was admit-
ted to the hospital for observation. The
symptoms that developed did not correlate
to those expected from the specific insecti-
cide contained in the bottle. List all of the
various factors that could cause the appear-
ance of these unexpected symptoms.

MU oW
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Over 40 substances are classed as metals. Al-
though many have the potential to cause toxic-
ity, most do not produce significant human
poisoning. This chapter will focus on five me-
tallic poisons: arsenic, cadmium, iron, lead,
and mercury. Three additional metals are also
discussed to a lesser extent. These are either
reported less commonly than the other five as
causes of toxicity (copper) or are contempo-
rary sources for potential poisoning because of
their use as part of fad diets or “nutritional”
dietary programs (e.g., selenium and zinc).

Metals have been carelessly used in the past
and casually discarded into the air, water, or
food supply. They have been used as medici-
nais (e.g., sugar of lead, calomel) for centuries
or as legitimate insecticides or pesticides. Fos-
sil fuels rich in metal content have been freely
burned with the metal spewed into the air.

As new technologies develop, additional
uses will undoubtedly unfold for metals. As a
result, poisoning by the classic ones, such as
lead, mercury, and arsenic, may continue to
decrease in incidence, only to be replaced by
nickel, selenium, and others.

Toxicity from metals may occur by any
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route of exposure— inhalation, ingestion, or
percutaneous absorption. In industry, inhala-
tion of metallic fumes is the most significant
route. Around the home, ingestion is more fre-
quently encountered. On occasion, a metallic
salt will be absorbed across inflamed or
abraded skin to cause systemic effects. Rarely,
someone will inject a metal salt or metallic
mercury, usually with suicidal intentions.

CHELATION TREATMENT OF
METAL POISONING

Using chemical antidotes to specifically
treat metal toxicity is a relatively new concept.
Several substances (Fig. 9.1) are called chela-
tors (Gr. chela = claw) because they bind
directly with metal ions to form stable com-
plexes that remove the metal from competition
with the body’s cells (90). Because a chelated
metal is water soluble, it can be excreted
readily by the kidney. By definition, then, a
chelate is a cyclic complex formed between
a metal and a compound that contains two or
more ligands (binding sites). The most sta-

0
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Chelators used as antidotes for metal poisoning.
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TABLE 9.1. Properties of
ari ideal chelating agent

Have greater affinity for metals than ligands of
tissue

Possess high water solubility

Be able to penetrate Into tissue sites of metal
storage

Be resistant to metabolism or degradation

Form tight bonds with metals that are stable and
nontoxic at physiologic pH values

Be readily excreted as a chelate with little or no
dissociation

Have a low affinity for calcium

Possess minimal inherent toxicity

Be absorbed via oral administration

ble chelates are those with a five- or six-
tnembered ring.

Although chelators are generally perceived
as having specific affinity for a particular
metal, this is not always the case. Sometimes
there is nonspecific binding as well. To illus-
trate, ethylenediaminetetraacetic acid (EDTA)
can be used to treat lead ingestion. It will
also form tight complexes with several other
metals including calcium. The possibility ex-
ists, therefore, for producing hypocalcemic
tetany with EDTA.

Another problem is that chelators are less
stable at lower pH values. They may partially
dissociate in an acidic urine, releasing free
metals into the urine. These may be reab-
sorbed into the body or may cause local kid-
ney damage because of their high concentra-
tion in the urine.

The properties of an ideal chelator are listed
in Table 9.1. Unfortunately, there is no such
item available for clinical use.

METAL CHELATORS

The pharmacologic adage that no drug has
a single effect {drugs are two-edged swords)
also applies to chemical chelators. Each chela-
tor has its own array of side effects, and spe-
cial precautions must be closely observed
when they are used. The physician is often
confronted with the difficult task of deciding
whether to start or withhold chelation therapy.
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FIG. 9.2. Chelate formed when dimercaprol
binds with arsenic.

Dimercaprol

Dimercaprol (British antilewisite) was de-
signed specifically to bind with the arsenical
gas, lewisite (Fig. 9.2) (80). Subsequent inves-
tigation showed that it would also chelate
other metals (Table 9.2).

The dosage of BAL is designed to assure
the formation of a 2:1 complex (i.e., 2 mole-
cules of dimercaprol and 1 molecule of metal).
These complexes are both more stable and
more soluble in water than a 1:1 complex.
This assures that BAL will chelate strongly
with the metal and, at the same time, that the
complex will be readily excreted from the
body. British antilewisite blood concentra-
tions are best achieved and maintained by giv-
ing repeated doses within the first 4 hr after

TABLE 9.2. Clinical usefulness
ofchelating agents

Metais reported

Chelating agent to be chelated

Calcium disodium EDTA Beryllium
Cadmium
Cobalt
Copper
Iron

Lead
Mangartese
Nickel
Zinc

Iron
Arsenic
Lead
Mercury
Copper
Lead
Mercury
Zinc

Lead

Deferoxamine
Dimercaprol (BAL)

Penicillamine

Succimer

EDTA, ethylenediaminetetraacetic acid; BAL, Brit-
ish antilewisite.
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TABLE 9.3. Toxicity reported for dimercaprol

Increased systolic and diastolic pressures

Tachycardia

Nausea and vomiting; abdominal cramps

Headache; sweating forehead

Painful or burning sensation in mouth, lips, throat,
and penis

ConjurrctMtis, rhirKNrhea, lacrimation, salivation

Constriction in throat and chest

Paresthesia

Painful (sterile) abscesses at Injection site

Anxiety and unrest

Fever in children

poisoning. It must be given parenterally. Ex-
cessive single doses should be avoided be-
cause of possible side effects. The antidote
causes a variety of toxic actions (Table 9.3),
which are reported to occur in up to 50% of
those who receive it.

British antilewisite is clinically useful for
treating acute and chronic poisoning by or-
ganic or inorganic arsenicals and for pro-
tecting against mercury-induced renal dam-
age. It is generally not effective in treating
mercury-induced neurologic conditions or
symptoms of brain damage (33). Although
theoretically active as a chelator for cadmium,
the chelate may partially dissociate in urine
and enhance renal damage. British antilewis-
ite should be avoided in cadmium poison-
ing (27,31). This is also true for iron and
selenium.

Calcium Disodium Edetate

Calcium disodium edetate (CaNa2EDTA)
will chelate any metal that has a higher bind-
ing affinity than Ca™ (e.g., lead, iron, zinc,
manganese, beryllium, and copper). Providing
EDTA as the calcium disodium salt (CaNa2-
EDTA) largely prevents it from binding with
calcium to cause hypocalcémie tetany.

The chelator does not enter host cells but
relies on excretion of lead into blood from
bone (its major storage site) (38,39). Lead che-
lates with CaNa2EDTA to form a complex
that is 10" times greater than that of the cal-
cium complex (35). Lead that remains in
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blood and soft tissues redistributes into bone,
where it can later be removed through chela-
tion.

Toxicity to CaNaZEDTA partly restricts its
usage. After intravenous administration, se-
vere proximal nephron degeneration may oc-
cur. Other symptoms including fever, nasal
congestion, and dermatitis are occasionally
seen but are secondary to the renal effects.

Penicillamine

Penicillamine is formed from hydrolysis of
penicillin. It forms tight chelates with copper,
lead, mercury, and zinc. It is not universally,
recognized as the first-choice antidote for lead
or mercury. An advantage of this chelator is
that it is well absorbed from the GI tract after
oral administration. Consequently, penicilla-
mine is often given for long-term treatment of
chronic metal poisoning, after the patient has
been removed from immediate danger, using
a parenterally administered chelator (i.e.,
CaNa2-EDTA for lead; BAL for mercury). An
added advantage is that penicillamine, unlike
BAL, facilitates removal of methyl mercury
(5) and enhances urinary mercury excretion
after inhalation of mercury vapor (78). Peni-
cillamine may cause acute allergy-like reac-
tions that are thought to be due to histamine
release. In large doses, symptoms appear iden-
tical to those of pyridoxine deficiency. In both
animal and human studies, these symptoms
were reversed when the vitamin was given.

Allergy to penicillin must be carefully con-
sidered before penicillamine is given. Patients
who are allergic to the antibiotic may also be
sensitive to the chelator.

Deferoxamine

Deferoxamine possesses high affinity for
both ferrous and ferric iron. It readily binds
with iron of hemosiderin and ferritin, sparing
iron contained in transferrin, the cytochrome
enzymes, and hemoglobin, which bind iron
more tightly. It is given parenterally, since less
than 15% is absorbed from the GI tract.
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Toxicity includes sequelae related to hista-
mine release. These are urticaria, generalized
erythema, and pain at the site of injection.
Anaphylactic reactions, hypotension, tachy-
cardia, and fever have also been reported.

Succimer

In 1991, succimer was approved as an effec-
tive oral chelating agent indicated when blood
lead concentrations are greater than 45 /xg/dL
(55). Succimer is chemically similar to dimer-
c”rol (BAL) but is more water soluble, has
a high therapeutic index, and is absorbed well
from the gastrointestinal tract. It produces a
lead diuresis comparable to that of CaNa2-
EDTA and reverses the biochemical toxicity
oflead, as indicated by normalization of circu-
lating delta-aminolevulinic acid (ALA) dehy-
dratase (3,14,36). The primary indicators of
efficacy are lowered blood lead concentrations
and increased urinary lead excretion. Second-
ary indicators include restoration of red blood
cell aminolevulinic acid dehydratase (ALA-
D) activity, an enzyme necessary for heme
synthesis, and a reduction in urinary amino-
levulinic acid and coproporphyrin (36,55).
The most common adverse effects include
nausea, vomiting, diarrhea, and anorexia (55).

The recommended initial dose in children
is 10 mg/kg or 350 mg/m” every 8 hr for 5
days, followed by 10 mg/kg or 350 mg/m”*
every 12 hr for 14 days (55). Outpatient ad-
ministration of 700 mg/mVday was shown to
delay the typical rebound blood lead coi)-
centration without significant adverse ef-
fects (37).

TOXIC ACTIONS OF METALS

Metals are toxic because they bind with li-
gands of biologic structures. Major sites are
various enzyme systems of the body. Binding
causes inactivation of the enzyme system with
resultant diminution of function.

It is difficult to isolate a single target tissue
or enzyme system that is acted upon by each
metal. The affinity of metals for many en-
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zymes is strong. However, for each metal
there is usually a most sensitive target. Inhib-
iting it produces most of the signs and symp-
toms of toxicity associated with that particular
metal. The specified site is based on the tissue
that is most sensitive at the lowest dose that
will cause toxicity. When larger doses are en-
countered, additional sites (enzymes) may
also be affected. The dose of the metal, there-
fore, is an important factor in determining the
toxicologic outcome.

ARSENIC

Arsenic is a legend in folklore history. It
was used as a therapeutic agent more than
2,000 years ago and as a poison for as many
years.

Metallic arsenic is a gray, brittle metal that
is nontoxic. The most common commercial
form is arsenic trioxide (AS203), an inorganic
salt of the trivalent form of arsenic acid
(H3ASO4). Arsenic also exists in the pentava-
lent state (AS205). Arsenates (e.g., lead arse-
nate: PbHAs04) are salts of arsenic acid and
are the most abundant forms in nature. They
are less toxic than trivalent arsenic. Organic
arsenicals also exist and, in this form, arsenic
is covalently bonded to an aliphatic carbon
chain or ring, with arsenic existing in either
the trivalent or the pentavalent state. Organic
arsenicals are less toxic than are trivalent inor-
ganic salts.

Arsine gas (ASH3) is the most toxic form
ofarsenic. It is generated when acids combine
with arsenic-containing metals. Poisoning by
arsine gas is relatively rare.

Acute arsenic poisonings commonly result
from suicidal or accidental ingestion. Some
references also list homicide as still being a
common cause of arsenic poisoning (60). Ar-
senic trioxide is odorless and tasteless; thus,
it can be added to most liquids without notice.
Chronic arsenic poisonings usually occur from
environmental or industrial exposures.

Table 9.4 lists a variety of sources ofarsenic
exposure. It is a common industrial nuisance
around factories where ores, such as gold and
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TABLE 9.4. Sources of arsenic exposure

Environmental
W ater, soil, air
Fish, sheitfish
Industrial
Metallurgy
Manufacturing of glass
Pigment production
Manufacturing of arsenical
chemicals
Household
Weed killers
Ant tmd roach control products
Arsenic-containing
pharmaceuticals

copper, are smelted. It is used in manufactur-
ing of certain kinds of glass, in pigment pro-
duction, and in hardening of copper and lead
alloys. It may be a contaminant of water sup-
plies and soil samples. It is also an excellent
insecticide and herbicide that continues to be
a source of poisoning in children and a sig-
nificant public health issue (63). Medicinal
uses of arsenic are now limited to treatment
of a few tropical diseases.

Daily arsenic exposure in humans reaches
900 pg (53). About four-fifths of absorbed
arsenic is stored in the body, especially the
liver, kidney, walls of the GI tract, spleen, and
lung. Arsenicals are deposited in fine hair and
nail beds and can be detected in these tissues
several years after chronic exposure. The body
burden is approximately 21 mg. Normal, un-
exposed blood concentrations are in the range
0of 2.0 to 7.0 pg/dL. Arsenic has a short half-
life. Arsenic concentrations in blood are only
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useful if determined within a few days after
acute exposure and are not reliable in as-
sessing chronic toxicity. The best biologic in-
dicator of recent exposure is the concentration
in urine, which is usually greater than 100 pg!/

L(8).

Mechanism of Toxicity

Arsenic is a general protoplasmic poison.
Toxicity results when it combines with sulthy-
dryl (-SH) groups, particularly those con-
tained within enzymes. One sensitive enzyme
system is the pyruvate dehydrogenase com-
plex, necessary for oxidative decarboxylation
of pyruvate to acetyl CoA and CO2 before it
enters into the TCA cycle. This system com-
prises several enzymes and cofactors, as
shown in Fig. 9.3.

One reaction in this system involves a trans-
acetylase enzyme that combines with coen-
zyme A (CoA-SH) to form acetyl CoA and a
dihydrolipoyl-enzyme complex that contains
two sulfitydryl groups. These sulthydryl
groups are extremely vulnerable to chelation
by trivalent arsenic. The dihydrolipoyl-arse-
nite chelate prevents reoxidation of the dihy-
drolipoyl group necessary for continued enzy-
matic activity. As a result of binding with
arsenic, pyruvic acid accumulates in the blood
(see far left side of Fig. 9.3).

Arsenic also uncouples oxidative phosphor-
ylation in the second stage of glycolysis by
competing with phosphate in the glyceralde-
hyde dehydrogenase reaction. As shown in

FIG. 9.3. The effect of arsenic on sulfhydryl-related enzyme systems.
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Normal Pattnvay
D-glyceraldehyde 3-phosphate + NAD'

+ Pi
1,3-diphosphoglycerate + NADH + H-
+ ADP

3-phosphoglycerate + ATP |
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Presence of Arsenate
D-glyceratctehyde 3-phosphate + NAD'
+ HAsO. *
1-Arseno-3 -phosphoglycerate
(H*0)

Norrenzymatic

3-phosphoglycerate + HASO4 *
(No ATP produced)

FIG. 9.4. Binding of arsenic to glyceraldehyde-3-phosphate resulting in inhibition of ATP production.

Fig. 9.4, the binding of arsenic to glyceralde-
hyde-3-phosphate and its subsequent nonen-
zymatic hydrolysis to 3-phosphoglycerate
does not produce ATP, in contrast to the nor-
mal glycolytic pathway. Since arsenic has
strong affinity for -SH groups and there are
several SH-containing enzymes, it is reason-
able to expect high concentrations of arsenic
to be found in the liver.

Characteristics of Poisoning
Acute

If the amount of arsenic ingested is small,
signs and symptoms discussed below may not
be seen and a positive diagnosis may be diffi-
cult. On the other hand, ingestion of large
doses may result in rapid death. A garlic-like
odor on the breath or in perspiration should
suggest arsenic poisoning. Death is due to cir-
culatory collapse, preceded by intense gastro-
enteritis. The acute toxic dose ranges from 5 to
50 mg, whereas lethal doses of arsenic trioxide
range from 70 to 120 mg. Acute arsenic inges-
tion usually has a delayed onset of toxic ac-
tion, up to 30 to 60 min.

The clinical characteristics of acute arsenic
poisoning are listed in Table 9.5. The most
dramatic effects after acute exposure are on
the GI tract. The corrosive action of arsenic
produces extreme gastroenteritis, beginning
with burning esophageal pain, difficulty in
swallowing, and unbearable stomach pain.
Nausea, projectile vomiting, and explosive di-
arrhea ensue. The irritant action of arsenic

causes bleeding and capillary transudation
into the gastrointestinal mucosa, with vesicle
formation. Eventually, these vesicles rupture
into the GI tract and the tissue sloughs off,
producing rice-water (ricey) stools, bloody di-
arrhea, and vomitus. Excessive bleeding com-
promises the circulatory system, and blood
pressure progressively decreases. If the patient
survives an acute exposure, ECG abnormali-
ties may still be seen months later.

Renal damage results from glomerular de-

TABLE 9.5. Characteristics
of arsenic poisoning

Acute arsenic toxicity
Severe nausea
Profuse diarrhea; rice-water stools
Projectile vomiting
Abdominal pain
Skin eruptions
Severe irritation of the nose, throat, conjunctiva
Loss of fluid
Uremia
Cardiac arrhythmias
ST-segment and T-wave abnormalities
Hypoxic convulsions

Chronic arsenic toxicity
Weight loss
Anorexia
General malaise
Garlic odor on breath
Hyperpigmentation— mottled brown spots
Hyperkeratosis— palmar and plantar surfaces
Mee's lines— white lines on the lunulae of the

nails

Peripheral neuritis
Tremors
Ulceration of gastrointestinal tract
Chronic hepatitis
Liver cirrhosis
Pancytopenia
Anemia
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struction and dilation of renal capillaries and
tubules. Urine outflow is decreased, and the
condition may progress to uremia.

Delayed actions of acute arsenic poisoning
include alopecia and peripheral neuropathy
characterized by paresthesia of the lower ex-
tremities, foot-drop, wrist-drop, abnormal
gait, and slow reflexes. The liver shows fatty
infiltration with central necrosis and cirrhosis.

Chronic

At one time, arsenic (as Fowler’s solution)
was a popular treatment for certain skin dis-
eases. Low doses caused a milk and roses
appearance due to vasodilation of facial
capillaries. Prolonged usage also produced hy-
perkeratosis, keratosis of the palms and soles,
and dermatitis, especially in areas where there
was a high concentration of sweat glands. Der-
matitis was due to the primary irritation and
sensitization action of arsenic.

Chronic arsenic poisoning usually begins
insidiously, with the victim complaining of
weakness, tiredness, lack of appetite,, weight
loss, and irritability. It is obvious that these
nonspecific indicators could result from a
numter of different toxic exposures. More
specific characteristics of chronic poisoning
are related to effects of arsenic on the integu-
mentary system, causing dark brown pigmen-
tation and a thickening of the keratin layer.
Nails thicken and characteristic white bands
(referred to as Mee’s lines) develop above the
lunulae.

Peripheral neuropathies sometimes develop
in the latter stages. The legs are affected more
than the arms, resulting in paralysis of both
motor and sensory pathways. Gastrointestinal
effects result in ulcerations in the GI tract.
Hepatic injury is evidenced by hepatitis and
cirrhosis.

Laboratory examination of peripheral blood
shows pancytopenia, especially neutropenia.
Prominent features of chronic poisoning in-
clude decreased erythrocyte production and
basophilic stippling. Occasionally, hypochro-
mic normoblasts and megaloblastic anemia as-
sociated with folic acid deficiency is observed.
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Management of Poisoning

For acute arsenic poisoning, management
consists of supportive and symptomatic treat-
ment. Gastric decontamination with ipecac-
induced emesis or gastric lavage should be
performed for ingestion. Chelation therapy
should be started as soon as possible. British
antilewisite is the specific chelator used most
often in all serious acute arsenic exposures
except arsine gas.

Treatment for chronic arsenic poisoning
should begin with removal of the source of
poisoning. Chelation therapy with BAL or
penicillamine may be indicated.

CADMIUM

Although sporadic cases of toxicity to cad-
mium have been reported since the mid- ISSOs,
it was not until nearly a century later that its
toxic potential was realized. Cadmium now
ranks as one of the heavy metals of greatest
toxicologic concern (2S).

Cadmium and its salts are widely used in
numerous industrial processes, and it is a com-
ponent of many commercial products. Elec-
troplating is the major use of the pure metal.

Cadmium is found in nature in close associ-
ation with lead and zinc (90). During mining
of these metals, they may be released into the
environment.

Cadmium is only poorly absorbed from the
GI tract, with as little as 5% entering the blood
(71). Most of this burden accumulates from
contaminated food and water and inhalation
of airborne cadmium, including cigarette
smoking.

There is no known biologic need for cad-
mium. It is the heavy metal most prone to
accumulate in the body. Its level increases
throughout life as its biologic half-life is 10
to 30 years (48). The average 50-year-old
American has about 30 mg in his or her
body (28).

Mechanism of Toxicity

Cadmium inhibits enzymes that contain
sulfhydryl groups. It also binds to other li-
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gands, including carboxyl, cysteinyl, histidyl,
hydroxyl, and phosphatyl groups of protein
and purines. Its major toxic effects probably
result from enzyme inhibition. One of the
plasma enzymes that is inhibited by cadmium
is (alpha)i-antitrypsin (IS). This may be one
of the mechanisms that is at least partially
responsible for cadmium-induced pulmonary
symptoms. Cadmium has also been reported
to compete with cellular uptake of various
other metals in the body, such as copper and
zinc.

Characteristics of Poisoning

Inhalation of cadmium produces the great-
est toxic hazard. Within several hours, the
victim complains of intense irritation to the
respiratory passages, nausea and vomiting,
dizziness, and chest pains (85). Death is usu-
ally attributed to severe pulmonary edema
(81). If the patient survives, life-long compli-
cations of emphysema and other respiratory
abnormalities will be encountered. Cadmium
also produces nephrotoxicity. Proteinuria, gly-
cosuria, and aminoaciduria are noted, and the
glomerular hltration rate is decreased. Im-
portant clinical manifestations of toxicity are
summarized in Table 9.6.

Of major research interest in recent years
has been the effects of chronic exposure on the

TABLE 9.6. Characteristics
of cadmium toxicity

Oral
Severe nausea, vomiting, diarrhea
Muscular cramps
Salivation
Dizziness
Proteinuria
Glycosuria
Osteomalasia

Inhalation
Rhinorrhea
Dyspnea
Chest pain
Pulmonary edema
Progressive emphysema
Azotemia
Proteinuria
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cardiovascular system. Several studies have
suggested that cadmium causes hypertension
(75,84,87). However, hypertension is not a
consistent finding in chronic industrial poison-
ings.

Cadmium is reported to cause osteomalacia,
perhaps by interfering with calcium and phos-
phate balance in the kidney. Residents of To-
yama, Japan, were shown several years ago
to suffer severe cadmium poisoning, with
symptoms largely referable to bone and mus-
cle pain. Their disease was termed ['tai-I tai
Byo (the ouch-ouch disease) and resulted from
contamination of rice ficlds by cadmium re-
leased from a metal-processing plant up-
stream. Osteomalacia was a prominent feature
of these victims (86).

Acute and chronic exposures of animals
have demonstrated that cadmium causes
growth retardation and testicular damage and
is carcinogenic. The clinical signihcance of
these effects is not completely known.

Management of Poisoning

Management of acute cadmium poisoning
is not as standardized as with some other met-
als. Treatment should consist of supportive
care for pulmonary edema. Vitamin D has
been recommended for bone pain. Effective-
ness of chelators is questionable. Although
chelators increase cadmium excretion after
acute exposure, they may increase renal toxic-
ity (27,31). This occurs because the chelated
complexes readily dissociate in the kidney, as
explained above. Chelators are usually inef-
fective in chronic cadmium poisoning.

IRON

Accidental ingestion of iron-containing
preparations is relatively common among chil-
dren; intentional overdoses with iron are seen
occasionally in adults (7). Between 2,000 and
5,000 cases of toxicity are reported in the
United States each year (22,43). The reason
for the high incidence of accidental iron poi-
soning among children is easily understood if
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we examine the types of dosage forms avail-
able for iron-containing preparations. Com-
paring iron tablets with pieces of candy (refer
back to chapter 1. Fig. 1.S) reminds us of their
similarity in appearance, shape, and color. At
one time the death rate in children from iron
poisoning exceeded the rate for aspirin (77).

Iron is commonly available in many phar-
maceutical preparations, including iron sup-
plement tablets, multiple vitamin-mineral
products, and prenatal vitamin-mineral prepa-
rations. It may be found in oral products as
the sulfate, gluconate, and fumarate salts. It is
important to remember that all discussion
about iron toxicity is related to the amount
of elemental iron that is actually absorbed.
Therefore, for salt forms, the actual iron con-
tent (Table 9.7) must be calculated (77).

Iron is absorbed from the small intestine in
its divalent (ferrous) form and converted to the
trivalent (ferric) form, which combines with
apoferritin to form ferritin. Ferrous iron is ab-
sorbed more easily than the ferric form in the
intestinal mucosal cell. Ferritin-iron complex
passes into the blood and then is attached to
transferrin. In the blood, iron remains in the
trivalent state or is stored either as ferritin or
hemosiderin. Toxicity occurs whenever serum
iron concentrations exceed the iron-binding
capacity of transferrin.

The daily diet of an average man contains
about 15 to 40 mg of elemental iron, only a
small portion of which is actually absorbed.
The normal iron intake for children is about
10 to 20 mg/kg. The body burden of iron is
near 4 g. Ingestion of <20 mg/kg of elemental
iron is considered nontoxic. Mild to moderate
toxicity occurs with 20 to 60 mg/kg. Ingestion
of greater than 60 mg/kg is potentially serious.
The minimum lethal dose (MLD) for iron is
about 200 to 3(X) mg/kg body weight (51).

TABLE 9.7. Iron salts and content
Salt Elemental Iron (%)
Ferrous sulfate 20
Ferrous sulfate, exsiccated 30
Ferrous gluconate 11.6
Ferrous fumarate 33
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Serious acute poisoning in children can occur
after ingestion of as little as 1g, although most
ingestions involve larger quantities (24). Most
deaths occur in children 12 to 24 months

old (23).

Mechanism of Toxicity

Iron toxicity occurs when serum iron con-
centrations exceed the total iron-binding ca-
pacity (TIBC) of transferrin. Circulating free
iron is responsible for injury to the GI tract,
heart, and liver, producing metabolic alter-
ations.

Iron produces corrosive action on gastroin-
testinal mucosal cells, leading to stomach and
intestinal ulceration, hemorrhage, and coagu-
lative necrosis. The severity of the corrosive
action depends on the quantity of ingested ele-
mental iron, duration of local exposure, and
contents of the stomach. Hematemesis and
bloody stools are common features of acute
iron poisoning. Also, severe gastritis may lead
to scarring and obstmction of the GI tract.

Cardiovascular effects include decreased
cardiac output and shock. Free circulating iron
causes damage to blood vessels, producing
massive postarteriolar dilation and, conse-
quently, venous pooling. The vascular effects
are thought to be due to the direct effect of
free iron, ferritin release, or histamine and se-
rotonin release from damaged blood vessels.
Free circulating iron also increases capillary
permeability, leading to plasma loss and de-
creases in blood volume, tissue perfusion, and
venous pressure (43,73).

Hepatic damage resulting from circulating
free iron begins when iron accumulates in
Kupffer cells, moves into hepatocytes, and be-
comes localized in mitochondria. Mitochon-
drial dysfunction may result from free radical
formation and lipid peroxidation. Iron cata-
lyzes lipid peroxidation, leading to altered
membrane permeability. Altered membrane
permeability results in loss of aerobic respira-
tion. In addition, iron may act as an electron
sink, shunting electrons away from the elec-
tron transport system, thereby reducing ATP
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production. Consequently, iron-induced mito-
chondrial damage results in cellular dysfunc-
tion, metabolic acidosis, and, ultimately, cell
death (70,73).

Histologic changes in the liver have ranged
from no alterations to cloudy swelling, fatty
degeneration, and massive hemorrhagic peri-
portal necrosis (32,92). Liver damage may
lead to hepatic failure with hypothrombi-
nemia, hypoglycemia, and hepatic encepha-
lopathy. Circulating free iron also inhibits the
thrombin-induced conversion of fibrinogen to
fibrin. The resultant coagulopathy may aggra-
vate early gastrointestinal blood loss.

Characteristics of Poisoning

There are five critical stages associated with
iron poisoning. These are listed in Table 9.8.

The first phase lasts 30 min to 2 hr after
ingestion, is characterized by gastrointestinal
irritation, and includes abdominal pain,
bloody diarrhea, and emesis. Cardiovascular
alterations lead to severe hypotension and
compensatory tachycardia. Lethargy, irritabil-
ity, and restlessness may be apparent during
this phase, also. Victims seldom die during
phase 1, but shock or coma during this early
phase is considered to be a poor prognostic
sign.
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Assessment of poisoning may be difficult
during phase 1. Iron is rapidly cleared from
plasma and deposited in the liver (73). Thus,
by the time the patient is observed, iron blood
concentrations may be normal or nearly nor-
mal. However, even in the absence of elevated
blood concentrations, iron toxicity is pro-
gressing.

The second phase is one of quiescence. Re-
covery is suspected, but the patient still con-
tinues to progress into the third phase, which
occurs 12 to 48 hr after phase 1. Phase 3 is
characterized by persistent gastrointestinal
hemorrhage, abrupt onset of shock, and meta-
bolic acidosis, resulting in hyperventilation,
hypoglycemia, cyanosis, severe lethargy, or
coma.

The fourth phase occurs 2 to 4 days postin-
gestion and is characterized primarily by he-
patic injury. It is thought that necrosis is due
to a direct toxic action of iron on hepatic mito-
chondria or possibly depletion of sulfhydryl
enzymes. Hepatic necrosis may be evidenced
by elevated serum bilirubin, transaminases,
and alkaline phosphatase concentrations, as
well as jaundice, hypoglycemia, and coagula-
tion defects. Oliguria and renal failure, due
to volume depletion, may occur during this
phase.

The final phase of iron toxicity begins ap-

TABLE 9.8. Characteristics of acute iron poisoning

Time

30 min-2 hr

Phase
Phase 1

Phase 2

Phase 3 12-48 hr after phase 1

Phase 4 2-4 days postingestion

Phases

immediateiy foilows phase 1

2 -4 weeks postingestion

Signs and symptoms
Irritabiiity
Seizures
Restiessness
Abdominai pain
Vomiting
Bloody diarrhea
Tachypnea
Tachycardia
"Period of apparent recovery"
Shock
Refractive acidosis
Cyanosis
Fever
Hepatic necrosis
Elevated SGOT, SGPT
Gastrointestinal obstruction

SGOT, serum glutamate oxaloacetate transaminase; SGPT, serum glutamate

pyruvic transaminase.
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proximately 2 to 4 weeks after ingestion. It
is generally characterized by gastrointestinal
obstruction, including pyloric stenosis and
gastric fibrosis. Perfusion and stricture are
conunon. Ifthe victim survives the initial poi-
soning episode, life-long gastrointestinal
problems necessitating abdominal surgery
may ensue.

Management of Poisoning

The most important consideration in treat-
ing acute iron poisoning is to prevent contin-
ued absorption. Ipecac-induced emesis is indi-
cated in the alert patient when large amounts
of iron have been ingested. The minimum
toxic dose of iron is not well established.
Doses of elemental iron of 20 to 60 mg/kg
are not likely to cause serious toxicity and
probably can be managed at home with
ipecac-induced emesis (49).

Gastric lavage is an alternative method of
gastric decontamination if the patient is ob-
tunded or lacks a gag reflex. However, there
is much controversy surrounding the use of
intragastric complexation agents in acute iron
poisoning. Complexation agents, such as
phosphates, deferoxamine, or bicarbonate,
have been suggested.

Sodium dihydrogen phosphate (Fleet Phos-
pho-Soda enema) converts ferrous phosphate
to less soluble ferric phosphate and was pre-
viously recommended. It is no longer recom-
mended because of the possibility of causing
life-threatening hyperphosphatemia and hypo-
calcemia (4,29).

The use of oral deferoxamine has been sug-
gested to reduce absorption of iron, but its
efficacy has not been clearly established.
There is evidence that the iron-deferoxamine
complex is absorbed and may be toxic itself
(91). Another consideration includes the fact
that deferoxamine is effective in chelating
only ferric iron and medicinal preparations
contain ferrous salts (70). Also, large volumes
would be required. At this time, intragastric
deferoxamine seems to be of little value.

Sodium bicarbonate also complexes with
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iron to form insoluble ferrous and ferric car-
bonate and is usually the recommended com-
plexation agent because of its relative safety.
However, animal studies have questioned the
efficacy of this regimen, and the safety of
large volumes of sodium bicarbonate has not
been established (18,70).

Whole gut irrigation, with a polyethylene
glycol-electrolyte solution, has been sug-
gested in cases of slow-release iron formula-
tions or if an abdominal radiograph after gas-
tric lavage shows persistence of tablets in the
stomach or small intestine (10,70,83).

Iron tablets may form concretions in the
stomach and small intestine. Adherence to the
mucosal lining and continued iron release
have resulted in severe hemorrhagic in-
farction, with subsequent perforation peritoni-
tis and scarring (30,42). In situations where
conventional methods of gastric decontamina-
tion were ineffective in removing the concre-
tion or ifthe concretion failed to move through
the gastrointestinal tract, a gastrotomy has
been performed to reduce the corrosive effects
of iron and prevent perforations (52,67).

Deferoxamine (Desferal) is a selective che-
lator of ferric ions, with little affinity for cal-
cium, copper, magnesium, or zinc. Deferoxa-
mine combines with iron to form an iron-
deferoxamine complex (brownish-red), which
is water soluble and readily excreted by the
kidneys. Deferoxamine (1(X) mg) will bind ap-
proximately 9 mg of free circulating iron but
does not chelate iron bound to transferrin or
iron in cytochrome and hemoglobin (54,73).
Its volume of distribution is about 60% of
body weight. Its plasma half-life is 10 to 30
min. Toxicity of deferoxamine is minimal.
Adverse effects, however, may include gastro-
intestinal distress and hypotension.

Use of deferoxamine in iron poisonings is
based on severity of symptoms and serum iron
concentrations. Any patient with serum iron
concentrations greater than 350 /rg/dL who is
symptomatic or who exhibits serious systemic
toxicity with unknown serum iron concentra-
tions is a candidate for chelation therapy (70).
Chelation therapy is not necessary if (a) the
patient is asymptomatic, (b) the total iron-
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binding capacity is greater than the serum iron
concentration, or (c) the patient ingested ISO
to 300 mg of elemental iron per kg. Peak se-
rum iron concentrations greater than 500 /xg/
dL should be treated promptly with deferoxa-
mine.

Chelation therapy with deferoxamine is rec-
ommended when serum iron concentration ex-
ceeds 300 /xg/dL, even if clinical signs of poi-
soning are not evident (70). This therapy
should be given quickly after acute iron inges-
tion, since efficacy decreases with time (65).
Deferoxamine complexes preferentially but
not exclusively with ferric ions. It can be
given orally to bind with iron in the gut and
reduce its absorption. Deferoxamine is typi-
cally administered intravenously. It should be
administered cautiously to minimize drug-
induced hypotension. If poisoning is mild, it
can be administered intramuscularly. Urine
should be monitored for the characteristic red-
dish orange (yin rosi) color, which indicates
excretion of the chelated complex. Chelation
therapy should be continued until urine returns
to normal color, indicating termination of iron
complexation.

LEAD

Lead toxicity has probably plagued humans
since earliest civilization. It was found in al-
most all early utensils, storage containers, and
vessels used for cooking. Besides metallic
lead, it can exist in both inorganic and organic
forms. For all practical purposes, inorganic
lead salts have the same action on the body.
Organic lead compounds, primarily the tetra-
ethyl and tetrame”yl forms (TEL, TML), act
similarly to each other but differently from
inorganic salts.

Sources of exposure to lead are listed in
Table 9.9. Lead is a cumulative poison that
causes both acute and chronic intoxication.
Acute poisoning with lead is rare; chronic poi-
soning is more common and serious.

Lead toxicity is of special concern to work-
ers, such as miners and smelters, automobile
finishers, foundry and storage battery workers.
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TABLE 9.9. Sources oflead exposure

Environmental
Water
Air
Soil
Food
Household
Crayons and toys
Paper and clothes
Dirt and sand
Paint flakes
Furniture
Wallpaper
Lead-glazed dishes, cups, glasses, etc.
Persons at high industrial risk
Miners
Smelters
Automobile finishers
Storage battery workers
Sheet metal workers
Spray painters

typesetters, sheet metal workers, and spray
painters. Lead (as well as potentially toxic lev-
els of copper and zinc) may also be a contami-
nant in moonshine whiskey. Sometimes old
automobile radiators are used as condensers,
and the beverage becomes contaminated with
lead from solder used in the original construc-
tion of the radiator (34). Before World War
II, paints containing lead concentrations up to
40% dry weight were used for both exterior
and interior surfaces.

The Lead Poisoning Prevention Act, passed
by Congress in 1971, limited the acceptable
lead concentration to 1%. In 1977, this legisla-
tion was amended to reduce the acceptable
level to 0.06%. Although the use of paint with
a high concentration of lead has been largely
discontinued, there still exists a potential haz-
ard for children obsessed with pulling paint
chips from walls and woodwork of older
homes and buildings. A tiny paint chip from
one of these old buildings may contain as
much as 100 mg lead. If a child ingested a few
chips, this would exceed the daily permissible
intake by a factor of at least 30.

Some children possess abnormal craving
for placing unnatural, non-nutritional sub-
stances in their mouths. Such substances in-
clude paint chips, plaster, pencils, and paper.
This habit is referred to as pica. Although the
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term is often used to describe a craving for
paint or plaster chips alone, pica is, in reality,
a generic term that describes a craving for
placing anything abnormal in the mouth. Most
lead poisoning in children occurs between
ages 1and S years. There is a higher incidence
of child-related lead poisoning during the
warmer months.

There are a number of sources of lead expo-
sure (11). It has been estimated that the aver-
age body burden among children and adults
in the United States is 100 times greater than
the so-called natural burden.

Organic lead intoxication occurs less fre-
quently than inorganic lead poisoning. Or-
ganic lead compounds have been used in gaso-
line as antiknock additives. With the nation
converted to nonleaded gasoline, the risk of
organic lead poisoning may decline even
more.

Pharmacokinetics of Lead

Adults absorb approximately 10% of in-
gested lead per day; in some children the
amount of dietary lead absorbed is much
greater. Inorganic lead salts do not penetrate
through skin very well. However, alkyl deriv-
atives (tetraethyllead) are capable of penetrat-
ing intact skin. Inhalation of lead v:qx>r results
in rapid alveolar absorption.

Inorganic lead salts are distributed first from
blood to such soft tissues as the kidney, lung,
liver, and spleen and later are redistributed
and deposited in teeth, hair, and bone as insol-
uble lead triphosphate. Bone is the major stor-
age depot of lead, comprising nearly 90% of
the total body lead burden. In the absence of
toxic blood lead concentrations and with good
renal function, the kidney accounts for 75%
of the daily lead loss.

Mechanism of Toxicity

Lead manifests toxicity primarily by bind-
ing to sulfthydryl groups of protein molecules,
which inactivates several vital enzyme sys-
tems. Lead produces many structural and
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functional changes within the mitochondria of
cells. The resultant inhibition of cellular respi-
ration produces a variety of deleterious effects
on cell function, particularly the gastrointesti-
nal system, hematopoietic system, and central
nervous system.

The earliest effect of lead poisoning is inhi-
bition of heme formation. Lead interferes with
heme synthesis by preventing conversion of
delta-aminolevulinic acid (delta-ALA) to por-
phobilinogen and incorporation of iron into
protoporphyrin IX to form heme in bone mar-
row normoblasts (erythrocyte precursors) by
inhibiting delta-aminolevulinic acid dehydra-
tase (ALA-D) and ferrochelatase, respectively
(Fig. 9.5). This causes increased urinary co-
porphyrin and delta-ALA excretion and de-
creased heme synthesis.

To compensate for decreased heme synthe-
sis, bone marrow erythrocyte production is in-
creased. These cells are released as immature
reticulocytes and stippled cells. Basophilic
stippling occurs as part of the metabolic dis-
turbance of heme synthesis, which occurs with
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FIG. 9.S. The inhibition of heme production by
lead.
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lead poisoning. Erythrocytes fail to mature
completely and retain some of the cellular or-
ganelles that usually disappear during cell
maturation. When peripheral blood smears are
stained, the irregular polyribosomes and asso-
ciated RNA aggregate and produce the charac-
teristic stippled cell.

Basophilic stippling is not pathognomonic
of lead poisoning. The ultimate effect of lead
on the hematopoietic system is microcytic hy-
pochromic anemia, which is usually not se-
vere, even in children. Anemia results from a
decrease in the life-span of erythrocytes, as
well as interference with hemoglobin syn-
thesis.

In vitro experiments suggest that accumula-
tion of delta-ALA and protoporphyrin may
produce a toxic effect on some tissues. For
example, animal studies have shown that
quantities of delta-ALA have been found in
the hypothalamus and that protoporphyrin ac-
cumulates in the dorsal root ganglion. This
may be responsible for lead encephalopathy.
Peripheral neuropathies associated with lead
poisoning seem to be related to demyelination
and degeneration of peripheral nerves.

Lead circulates bound to erythrocytes. It is
initially distributed to soft tissues, such as the
kidney and liver, but it eventually incorporates
into bone, hair, and teeth for storage (11). Up
to 90% will be stored as tertiary lead phos-
phate in bones (40).

Any factor that affects calcium absorption
or desorption can modulate the stability of
stored lead. A diet low in phosphate, for exam-
ple, favors release of lead into blood, whereas
a high phosphate intake promotes storage. Vi-
tamin D promotes lead deposition if phosphate
concentration is sufficient, and parathyroid
hormone causes its removal.

Characteristics of Poisoning

Acute lead poisoning is rarely observed.
Most acute poisoning results from accidental
ingestion of large quantities of one of the acid-
soluble salts. Characteristics of lead poisoning
are listed in Table 9.10. Presenting signs and
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TABLE 9.10. Characteristics
of lead poisoning

Acute lead poisoning (rare)

Sweet metallic taste

Salivation

Vomiting

Intestinal colic

Chronic lead poisoning (plumbism)

Hematologic
Basophilic stippling
Hypochromic microcytic anemia

Neurologic (lead encephalopathy)
Ataxia, nausea, vomiting
Restiessness
Irritability
Convulsions
Coma

Gastrointestinal (lead colic)
Anorexia
Constipation
Metallic taste

Neuromuscular (lead palsy)
Wrist-drop, foot-drop
Fatigue
Muscular weakness

Renal
Fanconi-like syndrome (reversible)
Chronic nephritis (irreversible)

symptoms of acute lead poisoning are nonspe-
cific and related to gastrointestinal inflamma-
tion. Stools may be black from formation of
lead sulfide. Urinary output decreases because
ofrenal damage. Massive ingestion may cause
death as a result of cardiovascular collapse. If
the patient survives the initial toxic effects of
acute poisoning, symptoms of chronic toxicity
are commonly seen.

Chronic lead poisoning (plumbism) results
in a variety of signs and symptoms that pri-
marily involve the hematopoiectic system, GI
tract, and nervous, renal, and neuromuscular
systems. In early stages of plumbism, anemia
causes tiredness and weakness. Hematologic
changes result from a decreased life-span of
erythrocytes due to interference in the synthe-
sis of the heme portion of hemoglobin. As a
result, hypochromic, microcytic anemia and
reticulocytosis are evident. Hypochromic cells
are due to reduction in heme synthesis. In-
creased reticulocyte count is a compensatory
process responding to the decreased number
of erythrocytes. The effects of lead on the
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hematopoietic system are seldom life threat-
ening.

Lead stimulates the smooth muscle of the
GI tract; abdominal pain is a striking feature
of plumbism. It may become so severe as to
suggest possible bowel obstruction on prelimi-
naiy diagnosis. Early symptoms are mild and
nondescript. However, as lead intoxication
progresses, anorexia and constipation (adults)
or diarrhea (children) appear, and intestinal
spasms increase in frequency and intensity to
produce even more severe abdominal cramp-
ing, coiiunonly referred to as lead colic. There
are complaints of persistent metallic taste in
the mouth.

Lead is toxic to the kidney. Damage to
proximal tubules results in impaired tubular
leabsorption of glucose, phosphate, amino
acids, “carbonate, and uric acid. Lead also
causes irreversible nephritis characterized by
progressive interstitial fibrosis, sclerosis of re-
nal blood vessels, and glomerular atrophy.
This irreversible damage is usually observed
in individuals who have been exposed to high
concentrations for prolonged periods.

Lead palsy is another characteristic of
chronic lead poisoning, resulting from action
of lead on the neuromuscular system. Lead
causes demyelination of the median nerve,
which innervates extensor muscles of the hand
to produce a wrist-drop phenomenon. A simi-
lar effect is seen on the foot, but with less
frequency and severity.

The most serious manifestation of lead poi-
soning is encephalopathy, which occurs more
often in children than adults. Local edema,
hemorrhage, and necrosis of brain tissue are
seen. The first indications of lead encephalop-
athy include clumsiness, lethargy, insomnia,
restlessness, and irritability. Symptoms may
eventually progress to delirium, convulsions,
and coma. Projectile vomiting and visual dis-
turbance are common. One-fourth of all vic-
tims with lead encephalopathy will not sur-
vive. Up to 40% of survivors experience
severe neurologic dysfunction (74,79). Low-
level lead exposure has led to deficits in gross-
and hne-motor development, as well as intel-
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lectual and academic deficits up to 10 years
later (9,19).

Lead sulfide may deposit as a thin line along
the gingival margin. This line appears blue
to black and is called a Burtonian line. It is
characteristic of chronic lead poisoning. A
similar discoloration of the gums along a line
just above the teeth may also be caused by
chronic accumulation of other metals, such as
silver, iron, or mercury.

Management of Poisoning

The Centers for EHsease Control established
guidelines for the standardization of lead in-
toxication (12). These guidelines are pre-
sented in Table 9.11.

New data indicate significant adverse ef-
fects of lead exposure in children at blood lead
concentrations previously believed to be safe.
Some adverse health effects have been shown
to occur at 10 p%of lead per dL of blood. For
1985, the intervention blood lead concentra-
tion of concern was reduced to 25 /iig/dL. In
years to come, this intervention value will
likely be lowered to 10 /xg/dL. Blood lead
concentrations of less than 10 “g/dL are not
considered to be indicative of poisoning,
whereas concentrations between 20 and 69 *g/
dL require a complete medical evaluation.
Blood lead concentrations greater than 45 /xg/
dL probably will require chelation therapy.
See Table 9.11 for a description of the appro-
priate action required for children.

The erythrocyte protoporphyrin (EP) test
measures the amount of erythrocyte protopor-
phyrin in whole blood; results greater than 35
/xg"dL are considered abnormal. Lead inhibits
ferrochelatase in the final step of heme synthe-
sis and prevents the insertion of iron into pro-
toporphyrin IX (Fig. 9.5). Inhibition of these
steps results in the accumulation of free eryth-
rocyte protoporphyrin (FEP) in red blood
cells, with zinc generally occupying the posi-
tion normally taken by iron. The resulting
complex is referred to as zinc protoporphyrin
(ZnPP). Analytical methods are available to
measure zinc protoporphyrin by direct fluo-
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TABLE 9.11. Children grouped by class and recommended action
according to blood lead measurement

Action

Low risk for high-dose exposure: a child in Class 1is not considered

High risk for high-dose exposure: rescreen.

if many children in the community have biood lead concentrations

of 10 or higher, community interventions (primary prevention
activities) should be considered by appropriate agencies.

Take a history to assess possible high-dose sources of lead.

Educate parents about diet, cleaning, etc. Test for iron deficiency.
Consider environmental investigation and lead hazard abatement

Conduct a complete medical evaluation. Identify and eliminate

environmental lead sources. Such a child may need
pharmacologic treatment.

Begin medical treatment including chelation therapy, and

environmental assessment and remediation within 48 hr.

Blood lead
concentration
Class (iig/dL)
1 <9
to be lead poisoned.
A 10-14
MB 15-19
if ievels P>ersist.
n 20-44'
v 45-69*
\" 70+

Begin medical treatment and environmental assessment and

remediation IMMEDIATELY. A child with Class V is a medical

emergency.

‘ Based on confirmatory blood lead concentration.

rescence or free erythrocyte protoporphyrin
extracted from RBCs by fluorometiy. Results
are reported in EP equivalents.

An elevated EP can be caused by lead ab-
sorption or iron deficiency. The EP test is a
more sensitive indicator of iron status than
of elevated blood lead. The combination of a
blood lead test and an EP test is required in
screening children for potential toxic lead ex-
posure (66,94).

For blood lead concentrations of 25 to 44
fig/dL, a CaNaj-EDTA mobilization test can
be performed to assess lead stores and the
necessity for subsequent treatment (58,69). An
abnormal or increased blood lead concentra-
tion in urine after administration of CaNaj-
EDTA is a very good predictor of a significant
risk of lead toxicity.

A variety of chelators are used in treatment
of lead poisoning. These drugs are capable of
chelating lead from blood, soft tissues and
bone, reducing its acute toxicity (69).

Chelation therapy is advised for patients in
groups III and IV (see Table 9.11) according
to the CDC guidelines, including asymptom-
atic children. Symptomatic plumbism (colic,
seizures, acute encephalopathy) is usually as-

sociated with blood lead concentrations
greater than 70 /xg/dL, and chelation therapy
should be administered promptly.

Calcium disodium EDTA is the drug of
choice for acute and chronic lead poisoning
and lead encephalopathy. Calcium disodium
EDTA increases urinary lead excretion by 20-
to 50-fold. Calcium disodium EDT.A removes
lead from the extracellular compartment of
soft tissue only (62). Use of CaNa2EDTA
should continue no more than 5 days and be
followed by a rest period of at least 5 days to
allow recovery of zinc depletion. It should be
used in conjunction with dimercaprol (BAL)
when blood lead concentrations are greater
than 70 /xg/dL, since use of CaNa2EDTA
atone may aggravate symptoms in patients
with very high blood lead concentrations (69).

Dimercaprol chelates lead intracellularly
and extracellularly. Two molecules of dimer-
caprol combine with one atom of lead to form
a stable complex that is excreted in urine.

Until the recent approval of succimer, d-
penicillamine was the only commercially
available ora! chelating agent. The FDA has
approved its use for treatment of Wilson’s dis-
ease, cystinuria, and severe, active rheumatoid
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TABLE 9.12. Chelation therapy In lead poisoning

Blood lead

concentration
Typo (I*g/dL)
70+
45-69
25-44
20-24
70+
45-69

Asymptomatic lead poisoning

Symptomatic lead poisoning

aithritis. It is used by some for the treatment
of lead poisoning. Although D-penicillamine
is not as effective as CaNa2-EDTA in enhanc-
ing urinary lead excretion, it has been used
with blood lead concentrations less than 4S
pg/dL. One advantage is that it can be given
over a long period (weeks to months). Adverse
effects to D-penicillamine occur at a rate of
33% (76). The use of chelation therapy in lead
poisoning is summarized in Table 9.12.

MERCURY

Mercury compounds are divided into three
chemical classes: elemental mercury (quick-
silver, mercury vapor, Hg®), inorganic mer-
cuiy salts, and organic mercury salts. Inor-
ganic mercury salts exist either in the
mercurous (Hg"”") or mercuric (Hg*") state.
Mercuric salts are more toxic. Aryl, alkyl, and
alkoxyalkyl mercury compounds represent the
organic mercury compounds that are of great-
est toxicologic significance.

Through the years mercury has been used in
medicine, agriculture, and industry. Medicinal
uses to treat syphilis originated as carly as
1500 A.D. Calomel (mercurous chloride) was
used as a cathartic until a few decades ago.
Organic mercury compounds, used for a num-
ber of years as diuretics, have been replaced
by safer, more effective nonmercurial diuret-
ics. An amalgam of mercury is used in
dentistry.

Mercury is popular in agriculture because
of its ability to counteract fungi and mold
growth. It, therefore, has been widely used to
prevent grain spoilage. A serious outbreak of

Action

BAL and CaNai-EDTA

CaNa2-EDTA for 3-5 days

CaNsj-EDTA mobilization test

No chelation

BAL and CaNaz-EDTA

CaNaj-EDTA and penicillamine succimer

mercury poisoning occurred in the early 1970s
when grain treated with methyl mercury was
inadvertently mixed with flour and consumed.
Over 500 people died in Iraq (6).

Elemental mercury vapor is the most vola-
tile of all mercury compounds. Intoxication
of mercury vapor is mainly an occupational
problem, usually from chronic exposure. Ele-
mental mercury has a high vapor pressure. At
a saturated atmosphere at 20°C, iqrproximately
15 mg mercury vapor is present per m"; at
24X, 18 mg/m\ and at 40°C, 80 mg/m” is pres-
ent. Exposure to an atmosphere of 0.7 mg/m”
for 5 hr/day is associated with symptoms of
mercury poisoning (40,61). One of the case
studies at the end of this chapter illustrates
this principle very well.

Suicide attempts by injecting elemental
mercury have been documented (1,41). Ele-
mental mercury is nontoxic when ingested due
to lack of absorption but can be toxic when
introduced subcutaneously (82). Toxic mer-
cury salts may form and enter the blood to
cause dangerously high concentrations.

Inorganic mercury salts exist in two oxida-
tion states. Mercurous salts include mercurous
chloride (Hg2Cl2) and mercuric chloride
(HgCb, corrosive sublimate), formerly used
as an antiseptic. Mercuric chloride is still
widely used in industry. Mercuric nitrate was
conunonly used in the felt hat industry, and
occupational exposure has been associated
with neurologic changes. In fact, the phrase
mad as a hatter describes symptoms charac-
teristic of chronic exposure to mercury. One
wonders if Lewis Carroll knew a real-life hat-
ter after whom he patterned the character in
Alice’s Adventures in Wonderland.
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Differences in toxicity among organic mer-
curials are due to ease of dissociation between
the organic moiety and the anion attached.
Alkyl mercury salts are of greatest toxicologic
importance because they are incorporated into
the food chain. The most toxic of all alkyl
mercurials is methyl mercury. Characteristic
and usually irreversible CNS damage has been
associated with methyl mercury exposure
(61,68).

Mechanism of Toxicity

Mercury ions produce toxic effects by pro-
tein precipitation, enzyme inhibition, and gen-
eralized corrosive action. Mercury binds to
sulthydryl groups, as well as to phosphoryl,
carboxyl, amide, and amine functional groups.
Mercury also reacts with several enzymes and
other proteins that contain these functional
groups. Thus, mercury interferes with cellular
enzyme reactions.

The toxic effects produced by various com-
pounds of mercury are functions of their
chemical form, route of administration, and
duration of exposure. For example, it was
mentioned previously that mercuric salts are
more toxic than mercurous salts. This is partly
because divalent inorganic mercury com-
pounds (e.g., HgCl2) are more soluble than
are monovalent mercury compounds (e.g.,
Hg2XC12). Therefore, when ingested, HgC12will
be more rapidly absorbed and thus produce
greater toxicity.

On the other hand, at least 90% of a methyl
mercury ingestion is absorbed from the Gl
tract, compared to about 10% with the soluble
inorganic salts. Organic mercurials are less
corrosive to intestinal mucosa than are inor-
ganic compounds such as mercuric chloride.
The organic mercurials also cross the blcod-
brain barrier and placenta and cause neuro-
Ic™ic and teratogenic disorders more readily
than do inorganic salts (59).

Elemental mercury vapor presents unique
toxicologic problems. There are two important
properties of elemental mercury that make it
a potential health hazard. First, it crosses cell
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membranes with little difficulty because of its
high lipid solubility. Second, elemental mer-
cury is easily oxidized to the mercuric form.
Chronic exposure to mercury produces sig-
nificant toxic effects to two separate organ
systems (16).

To illustrate, in mercurialism due to chronic
inhalation of mercury vapor, mercury preferen-
tially attacks the CNS (45). Chronic exposure
to inorganic mercury compounds leads to renal
complications. Again, this difference can be
explained on the basis of high lipid solubility.
After elemental mercury has rapidly accumu-
lated in the brain, it oxidizes to the mercuric
form, and the expected reactions occur.

Independent of the chemical form of mer-
cury, two major target organs affected are the
CNS and kidney. Central nervous system
specificity is characteristic of elemental mer-
cury vapor and short-chain alkyl mercury
compounds. When they enter the CNS,
degenerative changes occur from the action
of mercury on structural proteins and enzyme
systems. Synaptic and neuromuscular trans-
mission is blocked.

Although the kidney is the principal target
organ for inorganic mercurials, all mercury
compounds concentrate in the kidney to some
extent. Inorganic compounds, however, pro-
duce the majority of toxic renal effects.

Characteristics of Poisoning

Signs and symptoms are qualitatively and
quantitatively dependent on the chemical
structure of the compound, amount and dura-
tion of exposure, and individual sensitivity to
the particular compound. Table 9.13 lists clin-
ical manifestations according to the chemical
form encountered.

Prolonged exposure to mercury vapor at con-
centrations greater than 100 mg/m” results in
insidious onset of symptoms. Anorexia, weight
loss, fatigue, and muscular weakness are some
nonspecific clinical manifestations of chronic
exposure. Chronic mercury toxicity is evi-
denced by a variety of neurologic and behav-
ioral problems due to accumulation of mercury
in the cerebral and cerebellar cortex (17).
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TABLE 9.13. Characteristics of morcu/y poisoning

Charactaristtc Elemental
Primary route of exposure Inhalation
Target organ CNS, kidney
Clinical manifestations
Local
Lungs Bronchial irritation
Pneumonitis
Gl tract Metallic taste
Stomatitis
Gingivitis
Excessive salivation
Skin
Systemic
CNS Erethism
Tremors
Kidney Tutxilar necrosis
Treatment BAL
CaNaz-EDTA
Penicillamine
Biologic half-Hfe 10-15 days

G|, gastrointestinal; CNS, central nenrous system.

Fine muscle tremors are among the early
signs of mercurialism. Tremor usually begins
in the eyes, tongue, or fingers, with progres-
sion to an entire limb. Handwriting suffers
severely and can be used as a qualitative mea-
surement of the success of treatment. The
magnitude of tremors may also affect the fa-
cial muscles, resulting in slurred speech. In
extreme cases, there can be generalized tremor
involving the entire body.

Tlie emotional state of the individual who
has been repeatedly exposed to mercury is also
altered. Sudden attacks of anger, increasing irri-
tability, loss of memory, and drowsiness occur.
The person loses interest in life and withdraws
from society. The syndrome is referred to as
erethism, with the origin of the word based on
the blushing and sweating that also occurs.

At one time, mercuric chloride was avail-
able as a blue coffin-shaped tablet with the
skull and crossbones depicted on one side and
the inscription poison on the other (Fig. 9.6).
Despite obvious warnings, the tablets were
commonly ingested, usually accidentally. A
0.5-g tablet dissolved in water and swallowed
will produce immediate corrosive injury to the
mucosa of the mouth, throat, esophagus, and
stomach. As a result the mouth, pharynx, and

Inorganic Organomercurial
Oral Oral, food chain
Kidney CNS, liver

Metallic taste
Stomatitis
Gastroenteritis

Urticaria
Vesication

Ataxia, chorea, athetosis, tremor
Convulsions, paresthesia, erethism
Tubular necrosis
BAL Chelators are not effective

65-70 days 70-60 days

gastric mucosa appear ashen and are severely
painful. If a large quantity of an inorganic salt
is ingested, intense epigastric pain, profuse
vomiting of mucoid material, bloody diarrhea,
circulatory collapse, shock, and sudden death
may occur. A metallic taste is usually present.

Organomercuric compounds are classed
into two separate groups, based on chemical
stmcture and relative toxicity. These groups
are the long-chained aryl mercury compounds
and short-chained alkyl mercury compounds.
The group that poses the greater hazard to
humans is the short-chained alkyl compounds
such as methyl mercury. These are more haz-
ardous because they possess greater inherent
toxicity and because they are a inajor threat
to the environment (21).

The alkyl mercury compounds are almost
completely absorbed from the GI tract; distrib-
uted to the brain, liver, and kidney; and ex-
creted primarily in the feces. The aryl mercury
compounds are excreted as mercuric ions.

Differences between acute and chronic tox-
icity are minimal. A characteristic feature is
that symptoms may occur weeks to months
after an acute exposure. Neurologic manifes-
tations of organic mercury poisoning are due
to toxic effects on the cerebellum and can lead
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FIG. 9.6. Mercuric chloride (coffin-shaped) tablets.

to ataxia, tremors, unsteady gait, and difficulty
in maintaining equilibrium. Simple tasks, such
as buttoning a shirt, become difficult to per-
form. Illegible handwriting and slurred speech
are noted also. Sensory involvement includes
paresthesia of the lips, hands, and feet, as well
as visual and hearing impairment. Emotional
disturbances and erethism are also manifesta-
tions of organic mercury poisoning. If poison-
ing is severe, symptoms may not be reversible.

Organic aryl mercury poisonings are rare.
When they occur, poisonings show signs of
gastrointestinal and renal toxicity because these
compounds are metabolized to mercuric ions.

The biologic half-life of methyl mercury is
approximately 70 to 90 days. Elimination is
slow and irregular, and accumulation can eas-
ily produce toxicity. Mercury concentrations
in the blood at about 10 to 20 ~g/dL are usu-
ally not associated with toxic symptoms, but
blood concentrations around 50 to 100 //g/dL
are considered toxic.

Management of Poisoning

Choice of treatment depends on the form of
mercury involved. Mild exposure to mercury

vapor may require only that the victim be re-
moved from the source of the vapor. In the
case of acute oral inorganic mercury poison-
ing, the initial concern is removal of mercury
from the GI tract. A considerable amount of
mercuric chloride can be removed by sponta-
neous or ipecac-induced emesis or gastric la-
vage. This can be followed with a generous
slurry of activated charcoal and a cathartic.
Shock, due to peripheral vascular collapse,
can be treated with fluid replacement.

The most effective means to eliminate inor-
ganic mercury for both chronic and acute poi-
soning is with chelators. A chelator is indi-
cated in all mercury poisonings except alkyl
mercuric compounds. The choices include di-
mercaprol, penicillamine, and its A*-acetyl de-
rivative, yV-acetylpenicillamine (78). Calcium
disodium EDTA should not be used because
it binds poorly to mercury and is potentially
nephrotoxic.

Dimercaprol is indicated as the chelator of
choice in severe inorganic mercuric salt poi-
sonings, in which the critical target organ is
the kidney, but its effectiveness in elemental
and organic mercury poisoning is doubtful.
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It is much less effective in chronic mercury
poisoning, also. Dimercaprol is maximally ef-
fective when given early. It enhances the renal
excretion of mercury, which may aggravate
mercury-induced renal damage, and should be
used with caution in patients with acute renal
insufficiency.

OTHER METALS

In addition to the metals already discussed,
several others occasionally cause toxic reac-
tions. They are discussed in this chapter. An
additional metal, thallium, was discussed in
chapter 8.

Copper

Copper occurs throughout nature in a vari-
ety of salt forms and as the pure metal. It is
widely used in industry and at home as metal-
lic copper in electrical wiring and compo-
nents. Copper sulfate is added to farm ponds
and swimming pools as an algicide. It is also
occasionally reconunended for use as an
emetic, although this use is outmoded and
dangerous. Death has resulted from the inges-
tion of 10 g.

Poisoning usually results from acute oral
ingestion of a copper salt, such as copper sul-
fate. It has also resulted ftom repeated wash-
ing of burned skin with copper sulfate (44).

Although not a form of poisoning in the
true sense, patients with Wilson’s disease have
abnormally high blood copper concentrations.
An inborn error of metabolism, Wilson’s dis-
ease is a hereditary disorder in which cerulo-
plasmin is decreased. Ceruloplasmin is one
of the plasma alpha-globulins that normally
transports copper through the body. Wilson’s
disease is an uncommon disorder resulting in
accumulation of copper in the CNS, which
destroys nerve cells in the putamen, caudate
nucleus, and cerebral cortex. The neurologic
syndrome consists of tremors of the extremit-
ies, muscle rigidity, choreoathetoid move-
ments, and personality changes progressing to
dementia. Centrilobular hepatic necrosis de-
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velops, producing cirrhosis with ascites,
edema, and progressive hepatic failure. Also,
a golden-brown ring of accumulated copper
is deposited on the cornea and is known as
Kayser-Fleischer rings. They are present in
50% of patients with Wilson’s disease. Al-
though Wilson’s disease is incurable, therapy
with chelating agents can control copper con-
centrations so that the patient can lead a nearly
normal life.

Characteristics o f Poisoning

After ingestion of an excessive dose of cop-
per, victims experience severe nausea with
vomiting, bloody vomitus and stool, diarrhea,
hypotension, and jaundice (Table 9.14). Re-
peated exposures have been associated with
hemolytic anemia (57). Death usually occurs
within 24 hr, preceded by coma. If there arc
hepatic or renal complications, death may be
hastened.

Management o f Poisoning

The most effective medical means to man-
age copper poisoning is with penicillamine.
This chelator is also widely used in treating
patients with Wilson’s disease and certain
other diseases such as rheumatoid arthritis.

TABLE 9.14. Characteristics
of copper toxicity

Acute exposure
Nausea, vomiting
Bloody diarrhea
Hypotension
Hemolytic anemia
Uremia
Cardiovascular collapse

Chronic exposure
Sporadic fever
Vomiting
Epigastric pain
Diarrhea
JaurKilce

Inhalation
Ulceration and perforation of nasal septum
Necrotic hepatitis
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Selenium

Selenium is produced mainly as a by-product
of copper refining. Although technically not a
metal from a purist’s standpoint, it possesses
metallic characteristics. It has a variety of in-
dustrial applications, including use in the elec-
tronics, glass, and paint industries. Selenium
is a vulcanizing agent for rubber. Selenious
acid is a gun bluing agent. Selenium is used
as a drench for sheep and cattle, and selenium
sulfide is employed as a shampoo for dandruff
control. Aside from causing irritation to the
eyes or mucous membranes, this latter form of
selenium is nontoxic. More recently, selenium
has been widely promoted as a nutritional ele-
ment and food additive. It is because of these
uses that contemporary interest in potential
selenium toxicity has emerged.

Mechanism o f Toxicity

The precise mechanism of toxicity is not
understood. Selenium has a high affinity for
thiol groups (20). It may thus inhibit certain
sulthydryl-containing enzymes.

Characteristics o f Poisoning

Acute poisoning causes a variety of gastro-
intestinal and CNS effects (Table 9.15). Ner-

TABLE 9.15. Characteristics of selenium
toxicity (selenosis)

Acute exposure

Nervousness

Drowsiness

Fever

Vomiting

Decreased blood pressure

Convulsions

Death due to respiratory or cardiovascular failure
Chronic exposure

Depression

Garlic-like odor mi breath

Pallor

Loss of nails and hair

Hemolytic anemia

Liver and spleen damage

May be teratogenic and carcinogenic
Inhalation

Chemical pneumonitis
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vousness, drowsiness, and convulsions are
common. The bizarre behavior experienced
when horses grazed on loco weed in western
movies of the 1930s and 1940s may be attrib-
uted to selenium at 15,000 ppm or more (89).
This plant concentrates selenium. A fatal case
of poisoning from ingestion of gun bluing
showed widespread focal hemorrhages and
edema. Death is usually due to depression of
the respiratory or cardiovascular centers.

Chronic poisoning may induce pallor, a
garlic breath, metallic taste, liver and spleen
damage, and anemia, in addition to gastroin-
testinal and CNS effects. Fatty necrosis of the
liver is a frequent finding. Selenium is be-
lieved to be teratogenic in humans (72), and
it may be carcinogenic.

Management o fPoisoning

Treatment of poisoning by ingestion or in-
halation includes symptomatic and supportive
care. Influenza-like symptoms may be con-
trolled with salicylates. The individual must
be immediately removed from inhalation ex-
posure. Contaminated skin and eyes should be
thoroughly rinsed.

Zinc

Zinc is widely used in industry in the galva-
nizing processes, in paints, and as ZnCI2 for
preserving wood. Zinc is an essential trace
element, necessary for enzyme reactions, pro-
tein synthesis, and carbohydrate metabolism.
It is a.component of numerous enzymes, in-
cluding alcohol dehydrogenase, carbonic an-
hydrase, carboxypeptidase, and lactic dehy-
drogenase.

Over the years, various zinc salts have been
used in medicinal preparations as a topical
astringent, antiseptic, and antifungal agent.

Characteristics ofPoisoning

Poisoning occurs most commonly by inha-
lation of zinc oxide fiimes or ingestion of one
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TABLE 9.16. Characteristics of zinc toxicity

Oral
Lassitude
Enteritis
Diarrhea (bloody, watery)
intense abdominal pain
CNS depression
Tremors
inhalation
“Fiinfte fever”— sudden onset of thirst,
fever, chills, myalgias, aiKf headaches

of the salts. A syndrome known as metalfume
fever results from inhalation of fumes of zinc
oxide produced when zinc is heated to high
temperatures, such as during welding, metal
cutting, or smelting zinc alloys. Victims com-
plain of nausea and vomiting, chills and fever,
muscular aches and pains, and weakness (Ta-
ble 9.16). Zinc chloride fumes have caused
fatalities, with death from pulmonary edema.
Although metal fume fever may occur from
heating other metals, it is most common with
zinc.

Management o f Poisoning

Treatment of poisoning includes immediate
removal of the victim from the source of poi-
soning. Tlie victim is treated symptomatically.
Salicylates help control influenza-like symp-
toms. Corticosteroids are useful in manage-
ment of pulmonary edema.

SUMMARY

The clinical characteristics of poisoning
with individual metals are classic and often
predictable. Management is directed at min-
imizing gastrointestinal absorption, provid-
ing symptomatic and supportive care, and
applying speciflc chelating antidotes.

Case Studies

CASE STUDY: ACUTE ARSENIC
EXPOSURE
History

When found in her backyard, a 16-month-
old, 10-kg girl was holding a wafer from a
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package of Grant’s Ant Control. Her face had
traces of a gel-like substance around the
mouth. Her parents washed her hands and
face. Approximately 30 min later, the child
began to vomit and experienced a watery
bowel movement.

She was rushed to a local emergency facil-
ity and given IS mL of syrup ofipecac, which
provoked further vomiting. After a bout of
copious emesis, she was given 20 g of acti-
vated charcoal and 2.5 g of sodium sulfate. A
short while later, the child became lethargic
and had three rice-water stools. At this point
she was transported to a larger medical facility
for further care.

It was later estimated that she ingested 2 to
3 g of ant killer, resulting in consumption of
9 to 14 mg of arsenic trioxide. Because of the
severity of symptoms, it was assumed she had
swallowed a toxic dose.

While she was being transported, she was
given 25 mg BAL intramuscularly. She pre-
sented with a pulse that varied between 130
and 156 beats/min. Blood pressure was 110/
55 mm Hg; respirations, 36/min; and rectal
temperature, 36.7°C. Arterial blood gases,
electrolytes, and renal and liver function tests
were all within normal limits. A total of 185
mg of BAL was administered over 18 hr. This
was followed by 250 mg of penicillamine ev-
ery 6 hr for 5 days.

A charcoal stool was passed about 22 hr
postingestion. During her hospital stay, there
were no seizures, arrhythmias, vomiting, wa-
tery diarrhea, or changes in laboratory values..

The patient was released from the hospital
on her 3rd day. Penicillamine treatment was
continued by her private physician for 5 days.
Her arsenic blood concentration on admission
was in excess of 7 /xg/dL and on the 2nd day
had decreased to approximately 2 /xg/dL. (See
ref. 88.)

Discussion
1. With the exception of some early gastroin-

testinal symptoms, this young patient did
not experience many of the symptoms
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listed in Table 9.5. What are some possible
reasons for this omission?

2. Why was penicillamine initiated and BAL
discontinued?

3. Was the initial blood arsenic concentration
suggestive of a mild, moderate, or severe
toxic exposure?

4. Compare the toxic effects produced by ar-
senic trioxide with arsenic pentaoxide.

5. What is the significance of knowing that a
charcoal stool was passed?

CASE STUDY: CADMIUM
FUME POISONING

History

A 25-year-old male sailor was cleaning the
sanitary tank (approximately 428 ft*) of a sub-
marine. The job required heating a pipe joint
that had been brazed previously with a cad-
mium-containing grade of silver braze alloy.
After heating the joint he began coughing. He
discontinued his work and left the area. He
had worked about 8 min in the confined area.

The coughing ceased upon exposure to
fresh air, but he experienced a mild sore throat
and dyspnea, which rapidly improved. Dys-
pnea and cough reappeared 4 hr later, and his
cough worsened, forcing him to report to the
sick bay the following morning.

The patient presented with moderate respi-
ratory distress. Auscultation of the chest re-
vealed bilateral rales over the posterior aspect
of the thorax. Vital signs were blood pressure,
130/80 mm Hg; pulse, 120/min; and respira-
tions (shallow), 40/min. A chest X-ray film
revealed a diffuse, bilateral infiltrate in the
lungs, indicating pulmonary edema.

Treatment consisted of furosemide and dex-
amethasone. The patient recovered completely
within 2 days. No arritythmias were noted. He
was discharged 2 days later and returned to
full duty. (See ref. 85.)

Discussion

1. In this case study, there was an asymptom-
atic period after initial pulmonary irrita-
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tion. Is this typical of cadmium intoxica-
tion?

2. Is chelation therapy indicated for most
acute cadmium exposures?

3. Would the clinical manifestations pre-
sented by this patient have been different
if the route of exposure was by ingestion?

4. Explain why furosemide and dexametha-
sone were given.

CASE STUDIES: IRON POISONING
History: Case 1

A 19-year-old woman ingested 50 to 60 fer-
rous sulfate tablets, representing 9.8 to 11.7 g
elemental iron. Within 1 hr she developed ab-
dominal cramping and vomited a dark brown
liquid. She later indicated that there were no
tablet fragments in the vomitus. Over the next
several hours, she vomited bright red blood.
She was admitted to a hospital approximately
8 hr postingestion.

On admission she appeared slightly intoxi-
cated but was not in acute distress. Vitals in-
cluded blood pressure, 110/80 mm Hg; pulse,
80 beats/min; respirations, 16/min; and oral
temperature, 37°C. Neurologic examination
was normal. Physical examination revealed
slight epigastric tenderness. There were no
masses or organomegaly. Bowel sounds were
normal. Laboratory values are shown in Ta-
ble 9.17.

The patient underwent gastric lavage with
5% sodium bicarbonate and normal saline for
approximately 1 hr. The return was blood
tinged; no tablet fragments were recovered.

TABLE 9.17. Laboratory values

Na* =142 mEq/L
=3.4 mEq/L
cr =116 mEq/L
PH =7.34
Hematocrit =34.2%
Hemoglobin =11.3 g/dL
Prothrombin time =normal
Partial thromboplastin time =normal
Blood glucose =223 mg/dL
Blood ethanol =225 mg/dL
Serum lIron =915 pg/dL
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Deferoxamine therapy (IS mg/kg/hr intra-
venously) was initiated approximately 1 hr
after admission and was continued for 4 hr.
A red-tinged urine was noted within 2 hr of
initiating the chelator. After checking the liter-
ature to assure that continued therapy with
deferoxamine was safe, therapy was reinsti-
tuted and continued for a total period
of 52 hr.

Over this period the patient experienced a
low-grade fever. She had no change in vital
signs or renal function and displayed no other
difficulties. She was discharged after S days
of hospitalization with no sequelae. She did
not return for follow-up. (Sec ref. 65.)

History: Case 2

In a suicide attempt, a 17-year-old pregnant
girl ingested 90 ferrous sulfate capsules (325
mg each). On admission to an emergency de-
partment 30 min later, physical examination
revealed no strikingly abnormal values, and
vital signs were all within normal limits.

Vomiting was induced with 30 mL of syrup
of ipecac. The vomitus contained many par-
tially digested iron capsules. An unprovoked
emesis resulted about 4 hr later. This was fol-
lowed by diarrhea. Both were positive for
blood. Physical examination was still unre-
markable, except for hypoactive bowel
sounds. About 12 hr after admission, the pa-
tient began vomiting bloody material.

Laboratory results revealed hypoglycemia,
metabolic acidosis, bleeding tendencies, and
renal dysfunction. She had tachycardia and
eventually developed renal impairment.

Treatment consisted of fluids, dextrose, so-
dium bicarbonate, and diuretics. Deferoxa-
mine was not given because the patient was
pregnant and had renal failure. Instead, she
underwent an exchange transfusion 30 min
after admission, after which she spontane-
ously aborted a 16-week fetus.

Her condition became progressively worse.
In addition to hypotension, hypoglycemia, and
clotting deficiency, she became febrile
(105°T), tachypneic, and cyanotic. She contin-
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ued vomiting dark brown material and experi-
enced a seizure 74 hr after admission. She was
intubated and given a pressor agent because
of progressively decreasing blood pressure,
but she died 80 hr after admission.

It was later reported that the victim did not
mean to corrunit suicide. She intended only to
draw attention to herself. (See ref. 56.)

Discussion

1. Identify which lab results for patient I (Ta-
ble 9.17) are not within the normal ranges
and cite reasons for each of these discrep-
encies.

2. A red-colored urine was noted within 2 hr
of the initiation of deferoxamine treatment
in patient 1. What does this color indicate
and how long will the color of the urine
remain affected?

3. Based on your knowledge of the organ spe-
cific toxicity of ferrous sulfate, what patho-
logic findings would you expect from an
autopsy of patient 2?

4. Comment on the production of hypoglyce-
mia with iron poisoning. Is it a common
characteristic of iron toxicity? Why do you
think it occurred in patient 2?

5. What led to the death of patient 2? What
caused the fetus to abort?

6. Did patients 1 and 2 exhibit ail five clinical
phases of toxicity?

CASE STUDIES; INTOXICATION
WITH LEAD

History: Case 1

A 3-year-old girl was brought to the emer-
gency facility by her parents after they tried
unsuccessfully to awaken her. Her father had
noticed over the past 2 days that she was le-
thargic, easily fatigued, and sleepy. Her per-
sonality had changed, and she complained of
abdominal pains and headaches.

She had been given acetaminophen 3 times
daily for aches and pains. The previous day
she had vomited 3 times. Her dietary intake
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had been restricted to orange juice, which was
one of her favorite beverages. The family sus-
pected that the little girl had picked up some
kind of a virus while vacationing, causing flu-
like symptoms.

When responding to a physician’s ques-
tioning to obtain a complete history, the father
remembered that his daughter had taken a spe-
cial interest in a pink funny-faced Indian mug.
Whenever she drank liquids she used this par-
ticular mug. She drank at least five to six mug-
fuls of orange juice per day.

The girl was admitted with a pulse of 80
beats/min; temperature, 101°F; and blood pres-
sure, 130/90 mm Hg. She was in lighter stages
of coma and able to awaken on verbal com-
mands. Physical examination revealed question-
able blurring of the optic disc and hyperactive
reflexes.

Laboratory values showed a hemoglobin con-
tent of 12 g/dL, hematocrit of 38%, and mean
corpuscular volume of 78. Her WBC count was
8,000 cells/mm”; the differential count showed
60% leukocytes, 35% polys, 3% eosinophils,
and 2% mononucleocytes. The free erythrocytic
protoporphyrin concentration was 300 “g/dL.
Lead poisoning was the diagnosis at this point.

The patient received treatment with CaNa2
EDTA and improved with time. She was dis-
charged without apparent sequelae. (See ref. 64.)

History: Case 2

A 59-year-old woman was admitted to the
hospital with diffuse pains and anemia. About
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1 year previously, she had injured her back.
She had been treated with acupuncture by an
herbalist-chiropractor on two separate occa-
sions. She was given two herbal products to
be ingested daily.

A few months after initiating therapy, she
had begun to complain of pain in her knees,
hips, and abdomen. Also, she became unusu-
ally irritable and could not sleep well. It was
difficult for her to hold objects in her hands,
and she often felt constipated.

On admission, the laboratory results shown
in Table 9.18 were obtained. Symptoms and
laboratory values suggested lead poisoning.
Her husband's blood and urine showed lead
levels within normal limits. The herbal pills
were therefore suspected to be a possible
source. They were analyzed and found to con-
tain 0.5 mg of lead. She had ingested 30 pills
per day for 2 to 3 months. Therefore, she
had a daily lead intake of 15 mg.

The patient was started on CaNa2EDTA at
2 g/24 hr intravenously, along with intravenous
fluids. Marked reduction in symptoms occurred
within 24 hr. She was also given antibiotics,
chlordiazepoxide for anxiety, and vitamins.
Her improvement was remarkable and quick.
After the Ist day of treatment, blood lead con-
centration decreased to 70 /rg/dL. She was re-
leased after 10 days. (See ref. 47.)

History: Case 3

A 23-year-old male amateur painter was ad-
mitted to the hospital after experiencing violent

TABLE 9.18. Signs and symptoms in a patient poisoned with iead

Hematocrit

Reticulocyte count

Blood iron

Total iron-binding capacity
RBC* (protoporphyrin)
Urine delta-ALA" (24 hr)
Urine lead (24 hr)

Blood lead

Results Normal”
27% 36-42%

5.6% 0.5-2.0%

98 ljg% 80-160 #<g%
260 fig% 250-350 fig%
403 *g% 40-100 /rg®l«
51.9 mg 1.5-7.5 mg
0.281 mg <0.100 mg
90 m9% <60 ttgVa

Peripheral blood smears showed marked basophilic stippling

From ref. 47.

* RBC, red blood cells.
“ALA, aminolevulinic acid.
"Reflects 1977 standards.
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abdominal cramps. The only physical findings
were facial pallor and mild icterus. Laboratory
findings shown in Table 9.19 were obtained.

At the time of admission, the source of his
intoxication was not established, and the pa-
tient denied exposure to lead. Treatment was
initiated with CaNaj-EDTA and continued
over the next 50 days. Chelation therapy
caused reversal of his abdominal colic and
hyperbilirubinemia within 2 weeks. Thirty
days after the final CaNa2EDTA treatment,
laboratory values were again obtained.

The patient finally identified the source of
lead exposure. He had ingested about IS g
of lead white (basic lead carbonate) within a
month. His intent was to produce hallucina-
tions so that he could be more artistically cre-
ative. (See ref. 13.)

History: Case 4

The patient was a 63-year-old timber cutter
living in a rural envirorunent, who had been
admitted to the hospital because of recurrent
painful abdominal colic of4 months’ duration.
Although the laboratory tests on admission
suggested lead poisoning (basophilic stippling
of'some erythrocytes), at that time this diagno-
sis had been rejected as being incompatible
with the man’s work. Because of the onset of

TABLE 9.19. Signs and symptoms
In a patientpoisoned with lead

On admission

Hematocrit 25.5%

Hentoglobin 8.9 g%

RBC count 288 X 10* cellss/mm*
Total bliirubin 4.3 mg%

indirect bliirubin 2.7 mg%

Serum Iron 205 pg%

Total iron-binding capacity 86%

Urine delta-ALA 144 mg/day

Urine coproporphyrin 1.800 pg%

Serum lead 112 pg%

30 days after final
CaNaj-EDTA treatment
Urine delta-ALA
Urine coproporphyrin
Serum load
Serum Iron

1.9-3.9 mg/day
60-140 pg/day
47pg%
67pg%

From rof. 13.
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severe weakness in the upper and lower limbs
on both sides, he was referred to the neurology
department.

Neurologic examination disclosed marked
weakness, mainly affecting the limb girdle,
extensors of the hands and fingers, and exten-
sors of the feet and toes. E)eep tendon reflexes
were absent. Clinical examination revealed no
sensory impairment. Neurophysiologic studies
demonstrated severe axonal damage in the
sensory and motor fibers of the median, radial,
common peroneal, and sural nerves and severe
denervation of the deltoid, biceps, abductor
pollicis brevis, and tibialis anterior muscles.
Laboratory investigations revealed the follow-
ing: moderate normochromic, normocytic
anemia (hemoglobin, 10.7 g/dL; mean cor-
puscular volume, 90 fL) with basophilic
stippling of some erythrocytes, increased re-
ticulocytes (180,000/tnm*), indirect hyperbili-
rubinemia, negative direct and indirect
Coombs’ test results, and erythroblastic hy-
perplasia on bone marrow examination; al-
tered porphyrin metabolism and abnormal
lead concentrations in urine and blood, with or
without chelating agents (Table 9.20); normal
cerebrospinal fluid levels of proteins, glucose,
immunoglobulins, and cellularity. Nerve bi-
opsy showed axonal degeneration with seg-
mental demyelination secondary to axonal
damage.

The patient underwent a chelating course
with slight improvement in the laboratory
data. Nevertheless, his clinical picture wors-
ened and was complicated by respiratory fail-
ure. Despite respiratory assistance, the patient
died 14 days later.

The blood lead content of persons living in
the same building was within the normal
range, and no water pollution was detected.
These results suggested a poisoning source
within the household environment, to which
only the woodcutter was exposed. Tests re-
vealed lead contamination in a batch of home-
produced wine. The source of pollution was
finally identified as the container used for stor-
ing the wine, which was lined with lead-glaze
ceramic tiles. (See ref. 2)
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TABLE 9.20. Laad and porphyrin concentrations
in a woodcutter with wine lead poisoning

Measurement

In blood
Lead (/ig/dL)
Zinc protoporphyrin (pg/dL)
Total porphyrins (pg/24 hr)
In urine
Lead (pg/dL)
Coproporphyrins ipg/24 hr)
Uroporphyrins (pg/24 hr)
Porphobilinogen (mg/dL)
Urinary aminolevulinic acid (mg/dL)
In wine
Lead in red wine (ppm)
Lead in white wine (ppm)

From ref. 2.

Discussion

1. The preceding case studies deal with a vari-
ety of sources oflead exposure. What clini-
cal findings are common to all three cases?

2. In case 1, what role do you think the orange
juice that the little girl drank, played in the
lead exposure?

3. In case 3, which laboratory tests were in-
dicative ofjaundice? Is lead poisoning usu-
ally associated with hepatotoxicity?

4. Is CaNa2-EDTA the only chelator used for
lead toxicity? If not, what others could be
used? Note the blood lead concentration in
these cases. How do they compare to the
new guidelines for chelator therapy in lead
poisoning?

CASE STUDY; MERCURY
POISONING

History

A 49-year-old, somnolent woman ingested
125 g of a fungicide containing 3.5% me-
thoxyethylmercury chloride in a suicide at-
tempt. She vomited a blue liquid. She pre-
sented with no outstanding physical signs or
symptoms related to the corrosive nature of
mercury poisoning.

Two hours after ingestion she was admitted

After 1 week
On admission of therapy
130 -
335 -
1.554 125
67 4,700
543 78
1,011 47
0.40 0.04
10 0.7
61
20

to an emergency facility where she was intu-
bated and gastric lavage was performed.
Forced diuresis was initiated. Two hours after
ingestion, charcoal hemoperfusion was given
for 4 hr. This was repeated 15 hr after inges-
tion. The chelators used included penicilla-
mine and BAL.

All laboratoiy results were within normal lim-
its except for a slight increase in SCOT. The
patient continued under examination for the next
3 months without experiencing further problems.
Blood concentrations of mercury remained high
throughout the period. (See ref. 50.)

Discussion

1. What organ systems are affected by this
type of mercury poisoning?

2. Three months after ingestion, the patient
had no toxic symptoms but had high blood
concentrations of mercury. Why?

3. Do you believe chelators were effective in
this case? What is the role of chelators in
this type of mercury poisoning?

CASE STUDIES: METALLIC
MERCURY POISONING

History: Case |

A 53-year-old man had been working on an
amateur ore distillation experiment. He had
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heated mercury on his kitchen stove on two
separate occasions within a 2-week period.

After the first exposure he presented to the
emergency room, cyanotic, with chills, fever,
dyspnea, and severe abdominal cramping. He
often saw red spots in front of his eyes and
became partially blinded. Symptoms gradu-
ally disappeared over 2 days from the first
exposure to mercury vapor.

On the second occasion, he noted the room
becoitting dark, and the ted spots reappeared.
He was again admitted to the hospital with
acute respiratory distress and severe abdomi-
nal cramping. He was given a tracheostomy
and mechanical assistance for breathing. Uri-
nary mercury concentration at this time was
S mg/dL (normal, 0 to 2.0 ~g/dL). He was
transferred to another facility so that charcoal
hemopeifusion could be initiated.

Physical examination showed that the blood
pressure was 130/KX) mm Hg; respirations,
18/min; and pulse, 76 beats/min. A chest X-
ray film depicted extensive bilateral pulmo-
nary infiltrates, but no signs of cardiomegaly.
Laboratory findings are shown in Table 9.21.

The patient was given 500 mL 5% dextrose
over 4 hr. He also received a course of BAL.
Urinary mercury concentrations were 0.06
mg/dL by the 7th day, and renal function im-
proved. He temporarily recovered but later de-
veloped a nosocomial pneumonia, which
proved to be fatal. He died during his 3rd
week of hospitalization. (See ref. 46.)

History: Case 2

The patient was a 17-year-old male store-
keeper who ingested the metallic mercury

TABLE 9.21. Laboratory findings

Na* =131 mEqri-
Ccr =94 mEq/L
Glucose =172 mg/dL
BUN =45 mg/dL
Uric acid =9.6 mg/dL
LDH* =2,400 U
Urinary Hg =0.37 mg/dL
Serum creatinine =1.5 mg/dL

From ref. 46.
* LDH, lactate dehydrogenase.
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content of a clock pendulum (i.e., approxi-
mately 204 g or IS mL). (For comparison, a
clinical fever thermometer contains appioxi-
mately 1g mercury.) He arrived at the hospital
asymptomatic 2 hr after ingestion. Blood urea,
electrolyte, and hematologic findings were
normal.

Treatment consisted of a mild laxative and
bed rest. X-ray films of the abdomen were
used to follow passage of the mercury through
the GI tract, and by 3 weeks all mercury had
been excreted in the feces. Daily urine mer-
cury excretions were all less than IS /xg. There
were no gastrointestinal symptoms, and appar-
ently the mercury was not absorbed. He was
discharged without further problems. (See
ref. 93.)

History: Case 3

A 14-year-old boy took apart two thermo-
stats 4 months before coming to medical atten-
tion. He poured the mercury (estimated vol-
ume, S mL) into a test tube and toyed with it
repeatedly. Three weeks later, he spilled the
mercury on the carpet and managed to pick
up about half. He vacuumed the remainder
repeatedly. The vacuum cleaner did not have
a disposable bag, but instead a filter over the
motor, with dust gathering in the canister.
During the next 3 months, the vacuum was
used exclusively by the patient once every 2
to 3 weeks. The canister had not been emptied
up to the time when health inspectors sur-
veyed the home 4 months later.

Two months before admission, the patient
had a brief “flu-like” illness and then gradu-
ally developed progressive weakness until he
was barely able to hold a cup, button his but-
tons, or climb stairs. Over 6 weeks, he slept
and ate poorly and lost 4 kg.

On admission, 4 months after the mercury
spill, he was cachectic and depressed but alert
and oriented. He showed moderate proximal
and distal weakness with diffuse muscle wast-
ing. He walked with bilateral foot-drop and
rose from the floor with a partial Gower’s
sign. His hand grip was very weak with strik-
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ing wasting of the small muscles of the hands.
Deep tendon reflexes were present but reduced
without sensory loss. Tandem gait was poorly
performed. There was no tremor. Cranial
nerves and skin examination were normal with
no signs of acrodynia. (See ref. 95)

Discussion

1. Is the delayed onset of respiratory distress
with mercury vapor exposure typical?
What are some of the signs and symptoms
related to this type of exposure?

2. In case 2, do you think chelation therapy
was indicated for metallic mercury inges-
tion?

3. If anuria or renal shutdown had occurred
with either of these patients, describe the
procedure that could be used to decrease
the concentration of mercury.

4. Patient 2 ingested a much greater amount
of mercury than did patient 1. However,
patient 1 was more seriously intoxicated.
Discuss the reasons why this occurred.

CASE STUDY: ZINC ABUSE
History

The patient, a 34-year-old man, presented
with a 10-day history of feeling tired and
“run-down.” He noted, in addition, heart pal-
pitations and shortness of breath with minimal
activity. His history was notable for the treat-
ment of schizophrenia, for which he was tak-
ing chlorpromazine, thiothixene, and benztro-
pine mesylate. He denied any incidences of
melena, hematuria, or a change in urine color.
Three years before admission he had stopped
using street drugs and alcohol.

On physical examination, he was pale and
obese but apparently in no acute distress. His
blood pressure was 130/74 mm Hg, and his
pulse rate was 112 beats/min and regular. He
had no lymphadenopathy, petechiae, hepato-
splenomegaiy, or cardiopulmonary abnormali-
ties.

Pertinent normal laboratory values included
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the platelet count, the mean corpuscular vol-
ume, serum B,2, and folic acid, liver function
studies [except for a serum albumin concen-
tration of 29 g/L (normal, 35 to 50)], and renal
function studies. Serum iron concentrations,
total iron-binding capacity, and iron saturation
were normal. Ferritin concentration was ele-
vated at 485 /ig/L (normal, 125 to 350). A
serum zinc concentration determined on the
2nd hospital day was elevated at 23.4 “mol/
L (normal, 11.5 to 18.5). A serum copper con-
centration measured at the same time was 0.16
“mo\IL (normal, 11.0 to 22.0).

The patient received 2 units of erythrocytes
during the first 2 days, with a rise in his hema-
tocrit from 0.10 to 0.15. At this time the results
of the bone marrow aspiration done on admis-
sion indicated myeloid hyperplasia with vacu-
olation of both the erythroid and myeloid pre-
cursors. Minimal megaloblastic changes were
seen in the erythroid series. Iron stores were
greatly increased, with 15% of the erythro-
blasts showing ring forms. A pronounced in-
crease in reticuloendothelial cell iron stores
was noted (4+/5). No other abnormal forms
were seen in the bone marrow. The peripheral
blood smear did not show any abnormalities.

At this point, copper replacement therapy
was begun. An intravenous solution of copper,
2 mgin 1L of 5% dextrose in saline solution,
was infused over 12 hr daily. This regimen
was continued until discharge on day 15. No
side effects were noted. By day 7 of therapy,
his reticulocyte count reached a maximum of
176 X 10"’. He was discharged on a regimen
of copper sulfate, 2.0 mg/day by mouth. After
10 weeks of oral therapy, his blood counts
had become normal, and the copper therapy
was discontinued. No further problems were
noted. During outpatient follow-up, he con-
fided that he had abused vitamins A, C, and
D in the past. (See ref. 26.)

Discussion

I. The patient admitted to consuming large
amounts of vitamin and mineral products.
In addition, it was later shown that he took
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1 to 2 g elemental zinc each day over sev-
eral months. This case study illustrates
what can happen when people abuse
such products without knowing what can
happen.

Review Questions

. Chronic exposure to which of the follow-
ing metals is referred to as ouch-ouch dis-
ease?

A. Cadmium
B. Lead

C. Mercury
D. Selenium

. Which of the following is characteristic
of BAL toxicity: bradycardia (I), sedation
(I), or paresthesia (I11)?

A. T only

B. Il only

C. I and II only
D. II and III only

. Which of the following is the antidote of
first choice for treating iron poisoning?
A. CaNaz-EDTA
B. Deferoxamine
C. Dimercaprol
D. Penicillamine

. Which of the following mercury salts is
extremely toxic, and which one has lim-
ited toxic potential?

A. HgCh
B. HgjCh

. Which of the following is the principal
site of toxicity of inorganic mercury com-
pounds?

A. Kidney
B. Brain
C. Heart
D. Bone

. Which of the following forms of organo-
mercuric compounds is more toxic?
A. Long-chain aryl compounds
B. Short-chain alkyl compounds

. Which of the following is a true state-
ment?

A. Pica refers solely to ingestion of lead-
based substances.
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10.

11

12.

13.

B. Each of the inorganic forms of lead
produces symptoms of poisoning that
are specific for that form.

C. Acute poisoning from lead is rare;
chronic intoxication is a serious prob-
lem.

D. Inorganic lead poisoning is more rare
than organic lead poisoning.

. A request to supply BAL refers to which

of the following?

A. CaNaj-EDTA

B. Deferoxamine

C. Dimercaprol

D. Penicillamine

Which of'the following is a true statement

about deferoxamine?

A. It imparts a greenish blue color to
urine.

B. It complexes more tightly with ferric
iron.

C. Rapid injection is associated with hy-
pertensive crisis.

D. Therapy is indicated when the serum
iron concentration exceeds 1(X) mg/
dL.

Which of the following forms of mercury

has the most potential for CNS toxicity?

A. Hg"

B. Hg"

C. Hg™"

The term plumbism refers to toxic symp-

toms produced by chronic ingestion of

which of the following metals?

A. Zinc

B. Lead

C. Iron

D. Arsenic

Which of the following is the chelator of

first choice for treating a toxic ingestion

of arsenic?

A. CaNa2EDTA

B. Deferoxamine

C. BAL

D. Penicillamine

A victim of heavy metal poisoning has

an odor of garlic on his breath. Of the

following, which is the most probable
cause of poisoning?

A. Mercury
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15.

16.

17.

18.

19.

20.

21.
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B. Lead

C. Zinc

D. Arsenic

The chelator of first choice for treating a
toxic ingestion of copper is:

A. CaNaz-EDTA

B. Deferoxamine

C. BAL

D. Penicillamine

Arsine gas is produced when acid reacts
with arsenic-containing metals.

A. True

B. False

The toxic action of lead on erythrocytes
is usually life-threatening.

A. True

B. False

Gastric lavage with a bicarbonate solution
is recommended as a means of gastric de-
contamination after acute ingestion of
which of the following metals?

A. Tron

B. Zinc

C. Arsenic

D. Cadmium

Which of the following metal poisonings
is associated with erethism?

A. Mercuric chloride

B. Arsenic trioxide

C. Elemental mercury

D. Lead acetate

Which of the following will /east benefit
a victim who has ingested a toxic dose of
iron?

Syrup of ipecac

Gastric lavage with NaHCOs

Gastric lavage with sodium phosphate
Deferoxamine i.m. or i.v.

. Prussian blue p.o.

Whlch of the following mercury expo-
sures is least likely to produce mercury
toxicity?

A. HgCI2 p.o.

B. Elemental mercury p.o.

C. Inhalation of elemental mercury vapor
D. Methyl mercury p.o.

E. Elemental mercury s.c.

Which of'the following is a true statement
about deferoxamine?

moow>

22.

23.

24.

25.
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I. It readily competes for the iron of
ferritin and hemosiderin.

II. It does not remove iron from cyto-

chromes and hemoglobin.

Administration sometimes causes hy-

pertensive episodes.

A. 1I only

B. Il only

C. land II only

D. II and III only

E. L. II, and III

Which of the following is an expected

toxic symptom of dimercaprol adminis-

tration?
I. Paresthesias

II. Hypotension

III. Headache

I only

11 only

I and II only

I and 111 only

IT and III only

. I, and 111

Wthh of the following target organs is

associated with Ca-EDTA toxicity?

Heart

Brain

Liver

Kidney

. Lung

Wthh of the following is seen with ele-

mental mercury poisoning?

A. Pneumonitis

B. Erethism

C. Stomatitis

D. All of the above

E. A and B only

Which of the following is a true state-

ment?

A. Pica refers solely to ingestion of lead-
based paints.

B. Each of the inorganic forms of lead
produces symptoms of poisoning that
are specific for that form.

C. Acute poisoning from lead is rare;
chronic intoxication is a serious prob-

III.

mmoUaw>

moow>

lem.
D. Lead is best chelated with dimer-
caprol.
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
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Which of the following chelators is effec-

tive if administered orally?

A. Succimer (Chemet)

B. CaNa2-EDTA (Calcium Disodium
Versenate

C. Dimercaprol (BAL)

D. Deferoxamine

Succimer (2,3-dimercaptosuccinic acid;

Chemet) is a heavy metal chelating agent

indicated for increasing the urinary elimi-

nation of which of the following?

A. Mercury

B. Arsenic

C. Cadmium

D. Lead

E. Tron

Lead poisoning can be positively identi-

fied by determining the urinary concentra-

tions for precursors to heme synthesis. A

positive indication for lead intoxication

would be:

A. Increased delta-ALA; increased co-
proporphyrins

B. Increased delta-ALA; decreased co-
proporphyrins

C. Decreased delta-ALA; decreased co-
proporphyrins

D. Decreased delta-ALA; increased co-
proporphyrins

Throughout the chapter, reference is made

to the body burden of various metals.

What does this term mean?

What characteristic odor may be detected

on the breath after selenium ingestion?

A young girl has been brought to an emer-

gency facility. A fever thermometer had

been broken within her rectum. Discuss

the problem.

What is lead colic? What are the major

symptoms?

E)escribe major symptoms associated with

various stages of iron poisoning. What are

the inherent dangers of stage 2?

A delayed symptom of arsenic poisoning

is the presence of Mee’s lines. What are

they?

Discuss the pros and cons of using a

chemical chelator to treat heavy metal in-

toxication. Why might a physician decide

10.

11.

15.

16.

17.

against using a chelator, even if the victim
has seriously high blood levels of metal?
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The category of corrosive substances is broad
in nature. It includes acids such as hydrochlo-
ric, sulfuric, oxalic, and phenol; and alkali,
including potassium hydroxide, sodium hy-
droxide, sodium phosphate, and potassium
permanganate per se, and a larger variety of
miscellaneous products found around the
home and workplace (e.g., creosote, electric
dishwasher detergents, hydrogen fluoride,
drain cleaners, toilet bowl cleaners). Their
chemical and physical properties vary widely,
although expected outcomes after a toxic ex-
posure are similar. All corrosives produce ex-
tensive tissue damage, but the site at which
damage occurs and the specific form of dam-
age depends on the type of corrosive involved.
Table 10.1 lists common acidic and alkaline
corrosive products.

Most households contain a wide variety of
corrosive substances that invite curious chil-
dren to explore, or adults to use inappropri-
ately. The toxic potential of many of these
substances is obvious to adults, and generally,
they avoid them. All of these substances are
extremely irritating to mucous membranes.
Thus, massive intentional ingestions are rare.

TABLE 10.1. Examples of common
acids and alkali

Acid
Hydrochloric acid
Metai cleaners
Muriatic acid
Swimming pool cieaners
Toiiet bowi cleaners
Sulfuric acid
Battery acid
Toilet bowl and drain cieaners
Aikaii
Sodium or potassium hydroxide
Ciinitest tablets
Detergents
Drano crystals
Drain pipe and toilet bowl cleaners
Lye
Paint removers
Washing powders
Others
Ammonia (NH4OH) solutions (hair products,
jewelry cleaners, household cleaners)
Electric di*washing granules
Potassium permcuiganate
Sodium carbonate (nonphosphate) detergents
Sodium hypochlorite (bleach)

CORROSIVES

Even small quantities (in the range of 1 mL
of liquid or a single granule of crystalline
solid) can produce severe irritation or burning
to a child within a short period of time. Chil-
dren have been known to suffer serious injury
from corrosive ingestions that required many
years of reconstructive surgery to correct.
These injuries have occurred, for example,
when they drank the remaining few drops of
a liquid corrosive from an apparently empty
container that had been carelessly discarded
in a wastebasket (17,46).

Some corrosive substances are not gener-
ally recognized as being dangerous. Special
precautions are, therefore, seldom taken to
keep them away from an inquisitive child’s
reach, or to make sure that adults use them
properly. Rust remover products (oxalic
acid), electric dishwasher detergents, and cit-
rus-scented bowl cleaners are in this cate-
gory. Tissue damage from corrosives is listed
among the more common type of poisoning
emergencies that occur around the home.

It has been reported that 1.7% to 9.6% of
all accidental ingestions by children involve
alkali or acids (54). The major reason for
this high incidence among children is that too
many of these toxic substances are stored in
old, unmarked beverage containers (68).
Among adults, poisonings with corrosives
are often related to suicide attempts (10).

Traditionally the term corrosive denotes an
acidic substance capable of inflicting tissue
injury. Caustic describes an alkaline sub-
stance having similar properties. The Federal
Hazardous Substance Act of 1967 specifl-
cally defines as corrosive any substance that,
in contact with living tissue, will cause de-
struction by chemical action (42). This defi-
nition does not differentiate acids from alkali.
Throughout this chapter and book, the term
corrosive is used to encompass both extremes
of pH, except where specifically indicated.

ACIDS

Strong acids are substances with a pH be-
low 2. Some substances, such as lemon juice
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and carbonated beverages, can have a strongly
acidic pH, but not be corrosive. Acidic com-
pounds include a wide variety of inorganic
(e.g., sulfuric, hydrochloric/muriatic, nitric,
phosphoric) and organic (e.g., oxalic, tartaric,
acetic, etc.) acids. Even though all acids can
produce similar tissue damage, they differ in
intensity of damage. Not all acids are common
causes of poisoning. Nitric and phosphoric
acids, for examples, are less commonly en-
countered. Also, not all acids are sufficiently
corrosive to be of major toxicologic concern.
Acetic and tartaric acids exemplify these.

Mechanism of Toxicity

Corrosive damage is caused by direct chem-
ical action on the involved tissue. Acids dena-
ture tissue proteins. The resulting lesion
causes cell death that is represented as coagu-
lative necrosis. Consequently, both structural
and enzymatic proteins are denatured but cel-
lular morphology is not grossly interrupted. In
addition, a tough, leathery scab (eschar)
forms, which delays further corrosive damage
and helps reduce systemic absorption. Thus,
damage, especially with small quantities of
acid, is often limited to local sites of injury
to the skin or gastrointestinal tract.

Characteristics of Poisoning

After an acid ingestion, intense corrosive
damage to the oral mucosa and esophagus
may occur, but most significant damage oc-
curs in the lower two-thirds of the stomach
(Table 10.2). The involved areas frequently

TABLE 10.2. Sites and types of damage
after ingestion of a corrosive®

Corrosive Site of injury Type of injury
Acid Stomach Coagulative necrosis
Alkali Esophagus Liquefacttve necrosis

*Tissue damage by corrosives is a (unction of nu-
merous factors (see text). The information presented
in mis table represents the classic situation; the actual
deimage may vary depending on these factors.
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appear brown or black (except when damaged
by picric and nitric acids, which stain tissue
yellow). Precipitated blood may be found in
the stomach, and is described as having a cof-
fee grounds consistency. Damaged gastric
glands are usually not regenerated, but are re-
placed by a thin epithelial layer. Gastric motil-
ity is disrupted also (50).

Ingested acid normally passes through the
esophagus quickly and causes little damage to
this area. Studies have shown that esophageal
damage occurs in as few as 6% to 20% of all
acid ingestions (10,24). This is not to imply
that significant damage could not result if acid
were left in contact with esophageal tissue.
For example, 30 seconds contact with 9% sul-
furic acid solution causes coagulative necrosis
in vitro (2). The extent of esophageal damage
is a function of the volume of acid ingested,
its strength, and length of contact. This is why
emetics are contraindicated in acid ingestion
because they increase the contact time be-
tween acid and esophageal mucosa.

Strong acids, such as sulfuric, are more
likely to cause gastric necrosis and perforation
than weaker ones, such as hydrochloric. How-
ever, chronic gastric problems have been re-
ported more frequently after hydrochloric acid
ingestion, rather than sulfuric acid. This may
be due to the severity of damage that occurs
from sulfuric acid ingestion. Poisoning vic-
tims are more likely to die shortly after inges-
tion of the latter.

The premorbid condition of the stomach is
a fairly good predictor of the site of toxic
gastric injury. In patients with a full stomach
before acid ingestion, damage is confined
mainly to pyloric and lesser curvature regions.
For those victims with a fluid-filled stomach,
damage is proximal and generalized. For fast-
ing persons, acid ingestion causes antral dam-
age, as well as a wide variety of other toxic
involvement (50).

Damage to the small intestine as a result of
acid ingestion is rare. This most likely relates
to pylorospasm induced by the acid, which
limits its entiy into the duodenum.

Table 10.3 lists major clinical manifesta-
tions that have been reported for acid and
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TABLE 10.3. Clinical manifestations of
corrosive toxicity in acute poisoning

Route of

exposure Sigits and symptoms

Severe burning pain in mouth, throat,
and abdomen

Vomiting, possibly blood-tinged

Diarrhea— bloody, mucoid

Stains around mouth

Dysphagia

Drooling

Hypotension

Bronchial irritation

Pulmonary edema

Frothy sputum

Moist rales

Hypotension

Hemoptysis

Dyspnea

Staining of skin

Burning pain

Coniuncthritis

Comeai destruction

Pain, iacrimation

Photophobia

Ingestion

Inhalation

Dermal

Ocular

alkali poisonings, according to the route
of exposure. An excellent review of the
pathogenesis of acid toxicity is provided by
Penner (50).

Management of Poisoning

Poisoning by acid, whether localized or sys-
temic, is a medical emergency and treatment
must be initiated at once. Unfortunately,
though reports of acid ingestion and resultant
toxicity continue to appear in the literature,
there is an insufficient number of controlled
clinical studies that identify the best therapeu-
tic management. The rules of treatment that
follow are based on clinical experience, and
do not always receive universal acceptance.

Skin or Eye Contact

Contamination of the skin or eye with acid
must be given immediate attention. The area
should be washed thoroughly with large quan-
tities of room-temperature water. A 15- to 20-
min wash is usually necessary to completely

CORROSIVES

neutralize and remove all residual traces of
contaminant. Contaminated clothing and jew-
elry should be removed. Contact lenses, if
present, should be removed to avoid pro-
longed contact of acid with ocular tissues.

A mild soap solution may be used to wash
the skin and aid in neutralizing the acid, but
soap should not be placed in the eye. After
washing, no cream, ointment, or dressing of
any kind should be applied to the affected
area. These may cause further tissue injury to
an already damaged area, and make it difficult
for emergency personnel to remove them
without inflicting additional irritation, trauma,
and intense pain.

Ingested Acid

Management of a corrosive acid ingestion
is outlined in a decision flow chart. Fig. 10.1.
The inunediate concern for acid solutions that
are not mineral acids or in high concentrations
is to dilute them with copious amounts of wa-
ter or milk. Antacids may be given as a demul-
cent. Under no circumstance should carbon-
ated beverages or sodium bicarbonate be used
because carbon dioxide gas is released, which
quickly distends the stomach wall. Distention
imposes a greater chance for perforation of
already weakened tissues and may hasten the
time for gastric emptying. If the ingested acid
was concentrated (mineral or organic) it is un-
likely that the patient will be able to swallow,
and dilution becomes a mute point.

Emesis must be avoided to prevent recur-
rent damage to the esophagus. Spontancous
emesis is common enough with corrosive in-
gestion. If emesis is prolonged, antiemetics
may be necessary to control vomiting. The
use of opioids for pain management and fluid
replacement to correct circulatory shock may
be necessary.

If a large quantity of acid has been swal-
lowed, gastric lavage may be considered (50).
It is best performed as soon as diagnosis of
acid ingestion has been conflrmed and the ex-
tent of mucosal damage evaluated by esopha-
goscopy and gastroscopy. FirsL acid is sue-
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Corrosive (Caustic, Acid) Ingestion
I

possible Ingestion

IMMEDIATELY:
REVIEW HISTORY:

Dilui» Ingested material. /rrigai» exposed surfaces.
Clarify ingr»<ii»nis of product. Determine concaniralion.

Determine if »xpoaur» was real.

DETERMINE PATIENT SYMPTOMS:

product concentration sulfldentto praduee conoaive alficl

and exposure potentially toxic or unknown
or patient is symptomatic °

ESTABLISH AIRWAY CONTROL AND IV/CP SUPPORTIVE
MEASURES AS NECESSARY. EXAMINE ESOPHARYNX
I-
product Is caustic (alkaline)

REFER FOR ESOPHAGOSCOPY
1

esophagoscopy cannot be
performed within 24 hours

Any pain, irritation, dysphagia, excess drooling, obvious bumns.

producttoo dilule 10 baconoaive
or exposure clearly non-toxic and
patient asym ptomagc

OBSERVE FOR SYMPTOMS

product Is acid

asophagoscopy can be
performed within 24 hours

INITIATE CORTICOSTEROIO THERAPY—APERFORM ESOPHAGOSCOPY PERFORM

PENDING ESOPHAGOSCOPY i

ESOPHAGOSCOPY

burns present

INITIATE CORTICOSTEROID THERAPY

AND ENDOSCOPY

T

PROVIDE SUPPORTIVE CARE AND FOLLOW UP AS INDICATED

FIG. 10.1.

Flow chart illustrating the steps involved in assessment and management of a victim

of corrosive ingestion. (Reproduced with permission of the Soap and Detergent Association.)

tioned out of the stomach as completely as
possible to reduce the risk of heat formation
when the lavage fluid is added. Then, cold
water or milk can be used as the lavage fluid,
followed by antacid washes. The tube should
be repositioned frequently to assure that all
traces of acid have been removed.

Surgical resection of damaged tissue is
sometimes advised. It is not always possible
to easily identify the damaged area and after
resection, leaking may occur at anastomoses.
When tissue has been damaged beyond repair,
it is usually removed surgically (17).

The remaining treatment is largely support-
ive. Antibiotics should be used only if infec-
tion occurs. The value of corticosteroids after
acid ingestion is questionable because esopha-
geal stricture is less common than alkali (SO).
Acids, unlike alkali, do not produce their en-
tire range of toxic damage immediately. In
fact, injury may continue to develop over 90
min or longer (52). The patient must be
closely monitored during this period and treat-

ment continued, even in the absence of per-
ceptible or worsening symptoms.

Controversy o fDilution

Frequently, while managing a victim of acid
ingestion, the corrosive agent is treated by di-
lution but damage due to exothermic heat pro-
duction is ignored. This results in the follow-
ing dilemma: To dilute (neutralize) or not to
dilute—that is the question! Considerable
heat is released when strong acids come in
contact with water or antacids. For example,
55 mL of sulfuric acid, 91.6% by weight,
mixed with 54 mL of water results in an al-
most instantaneous solution temperature of
79°C (50). When water is added to sulfuric
acid (as opposed to mixing in the reverse or-
der), it results in an explosive release of steam
and heat. The resulting diluted solution, how-
ever, is still strongly acidic and highly corro-
sive (41).
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Moreover, heat is released when acids react
with antacids. The heat of neutralization of 1
mole of sulfuric acid with magnesium hydrox-
ide suspension (80 mg/mL) is about 40 kcal.
Approximately 730 mL of antacid would be
required to neutralize the acid, resulting in a
final mixture temperature of about 62°C (50).

SPECIFIC ACID CORROSIVES
Fluorides

Hydrogen fluoride (hydrofluoric acid, HF)
induces damage that differs from other corro-
sives, and it is described separately. Hydro-
fluoric acid is a widely used industrial com-
pound that exists as an extremely corrosive,
colorless volatile liquid. Its coirunercial uses
include glass and computer chip etching, and
cleaning metal, and production of various syn-
thetic chemicals. Some rust remover agents
contain hydrofluoric acid (32). Industrial
smoke often contains high levels of HF be-
cause it is evolved from burning coal. The
exposure limit for HF is 3 ppm.

Sodium fluoride is a soluble salt that is used
as a rodenticide, insecticide, and anthelmintic
for swine. As expected, fluoride salts are more
conunonly encountered around the home than
HF, and it is this group of products that is
responsible for most acute fluoride poison-
ings (47).

Fluorides are rapidly absorbed after inhala-
tion, ingestion, dermal, or even rectal expo-
sures (7,18,59). Systemic absorption results in
acute fluoride poisoning. The amount ab-
sorbed is dependent principally on the solubil-
ity of the fluoride, and the duration of expo-
sure. Sodium fluoride, which is very soluble,
is readily absorbed 75% to 90% (43).

Knowledge of the relative solubility of vari-
ous fluoride salts is beneficial in understand-
ing one of the mechanisms for treating fluo-
ride toxicity. Administration of calcium
gluconate (oral or dermal) is used to convert
soluble fluorides to insoluble calcium fluoride
(43). As a result, absorption is limited.
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Mechanism o f Fluoride Toxicity

Hydrogen fluoride causes deep corrosive le-
sions on tissues. It has a high affinity for water
and rapidly hydrolyzes to hydrofluoric acid.
All fluorides are protoplasmic poisons. Fluo-
rides bind many cations, most notably cal-
cium. The binding of calcium results in the
arrest of many cellular enzymatic processes
and decreases the coagulation process. Al-
though many believe that the cardiovascular
collapse associated with fluoride toxicity is
due to the precipitous fall in serum calcium
concentrations, others support a theory involv-
ing fluoride-induced potassium efflux from
cardiac cells (43). The neurologic effects of
fluoride toxicity are related also to the
calcium-binding effect of fluorides.

Toxic symptoms from sodium fluoride may
appear after ingestion of as little as 200 mg.
The lethal dose may be closer to 4 g (II).
Death usually results from cardiac or respira-
tory failure, preceded by intense gastrointesti-
nal symptoms (Table 10.4), hypotension, and
convulsions. If death does not occur immedi-
ately, jaundice and oliguria may onset later.
Chronic exposure has produced skeletal fluo-
rosis (i.e., osteosclerosis, periosteal apposition
of bone, and calcification of ligaments and
joints) (5).

Management o f Toxicity

Quick treatment is necessary if the fluoride-
intoxicated patient is to survive. Fluoride is

TABLE 10.4. Characteristics of fluoride
poisoning

Location Signs and symptoms

Gastrointestinal Abdominal pain, nausea,

vomiting, diarrbea, salivation

Neurologic mParesthesia, hyperactive reflexes,
donic-tonic convulsions,
positive Chvostek's sign,
muscular pain and weakness

Blood Hypocalcemia, hypoglycemia

Cardiovascular/ Hypotension, respiratory

respiratory stimulation followed by

depression
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best inactivated by converting it to an insolu-
ble form, e.g., calcium fluoride. Treatment of
HF bums of the skin consists, first of all, of
decontamination with copious amounts of wa-
ter (7). Limiting the duration of exposure by
flushing with water immediately and continu-
ously for 30 minutes, decreases the severity
of toxicity. Sodium bicarbonate can be given
to prevent or correct metabolic acidosis. Since
fluoride-induced hypeilcalemia cannot be re-
versed effectively, removal of potassium, as
well as fluoride by hemodialysis or hemoper-
fusion, may need to be considered (43). To
avoid local damage and reduce systemic ab-
sorption, calcium gluconate gel 2.5% to 5%
can be applied (40). Eye exposure may be
treated by irrigation with 1% calcium gluco-
nate drops after immediate and copious irriga-
tion with water for at least 30 min (7).

Ifingestion was recent, a source ofcalcium,
such as milk, calcium chloride, or lime water,
should be given orally and/or by gastric la-
vage. Calcium will react with fluoride within
the GI tract to form calcium fluoride, a rela-
tively insoluble, nonabsorbable complex, and
thus, reduce systemic toxicity.

Calcium gluconate is administered to pre-
vent rapid depletion of plasma calcium or to
replace it (60,62). Aggressive fluid replace-
ment is necessary to increase renal clearance
of the ion, and counteract losses from bums,
vomiting, and diarrhea and to counteract
hypocalcemic-induced vasodilation. Whitford
et al (66) demonstrated in rats that administra-
tion of sodium bicarbonate, to induce meta-
bolic alkalosis, reduces fluoride toxicity.

Boric Acid

At one time boric acid (H3BO3) was recom-
mended for more than 40 medical uses. It is
a weak bacteriostatic compound with great po-
tential for causing toxicity. Boric acid is an
excellent insecticide for roaches and other
crawling insects. It can be mixed with flour
or sugar and water and is formed into clumps,
which are put where insects congregate. Bo-
rates (e.g., as sodium tetraborate) are widely
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used as cleaning aids. Despite the eventual
decrease in use of boric acid for its alleged
medical purposes, the incidence of poisoning
will probably not decline.

Ingestions of boric acid solution are re-
ported in individuals who have accidentally
used boric acid in place of Epsom salt (magne-
sium sulfate). Boric acid solutions have been
mistakenly used in the preparation of baby
formula, resulting in several deaths (14,15,63,
69). Boric acid readily penetrates abraded, but
not intact skin (16,26,56,57). Problems are
encountered when a boric acid solution or
powder is applied to a wound, especially
with occlusion. Absorption causes signiflcant
systemic effects.

Boric acid is cytotoxic. Its greatest danger
is in tissues where it concentrates, such as the
kidney. The fatal dose in adults is estimated
to be 15 to 20 g, and in infants 5 to 6 g, but
as little as one gram has been fatal (63,68).

After exposure, the signs and symptoms
listed in Table 10.5 may be seen. A character-
istic feature of boric acid poisoning is a severe
erythematous rash {boiled lobster rash) that
is seen on the palms, soles, and buttocks. The
immediate cause of death is usually CNS de-
pression. If the patient survives the acute poi-
soning event, complications, such as hepatic
fatty necrosis, cerebral edema, or renal failure,
may appear.

Treatment of poisoning is nonspecific and
symptomatic. A fatality rate of 50% of those
who ingest a toxic dose has been reported. In
ingestion, gastric evacuation should be used.

TABLE 10.5. Characteristics
of boric acid poisoning

Skin: erythematous ("boiled lobster”) rash, blistering,
desquamation, excoriation

Lethargy, weakness

CNS' depression, collapse, coma

Cardiovascular collapse

Twitching, tremors, convulsions

Hyperpyrexia

Hypotension

Cyanosis

Jaundice

Renal failure

‘ CNS, central nervous system.
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Removal of boric acid or borates from blood
can be accomplished by peritoneal dialysis or
hemodialysis (3,69).

Phenol

Phenol (carbolic acid), one of the oldest
disinfectants/deodorizers, is still used alone,
and as an ingredient in many commercial
products. Phenol is a significant cause of
poisoning. .

Intoxication can occur after absorption
through intact skin, or by ingestion. Most poi-
sonings are accidental. Phenol has a strongly
characteristic odor and its presence can be
readily detected on the breath.

Phenol is a protein precipitant that induces
strong corrosive actions (22). It is a cellular
depressant and causes a variety of signs and
symptoms (Table 10.6). Death immediately
after poisoning usually occurs from respira-
tory depression. Survival beyond a day or two
is often met with renal damage that eventually
leads to death. Although esophageal stricture
is rare, it is a long-term complication that may
develop. The adult lethal dose is estimated at
10 to 30 g (22).

Immediate emesis or lavage after phenol
ingestion is important to consider, but are con-
traindicated in esophageal injury. Egg whites,
milk, or gelatin solution, which serve as pro-

TABLE 10.6. Characteristics of phenol
(carbolic add) poisoning

Nausea, vomiting, bloody diantiea, abdominal
cramping

Sweating (profuse)

Cyanosis

CNS stimulation, hyperactivity, convulsions, followed
by CNS depression

Stupor

Hypotension

Increased respirations followed by depressed
respirations

Pulmonary edema, pneumonia

Esophageal stricture

Hemolysis, methemoglobinemia

Jaundice

Renal failure

Cardiovascular collapse, shock

Skin: blanching, erythema, corrosion
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tein sources to interact with phenol remaining
in the stomach, may be given. Activated char-
coal, followed by a cathartic, may be preferred
to ipecac-induced emesis or lavage in decon-
tamination of the GI tract and preventing sys-
temic absorption of phenol.

ALKALI

Alkaline substances are chemicals that have
apH of 11.5 or higher. The label ofan alkaline
product is sometimes misleading when trying
to determine the degree of alkalinity. A re-
ported pH value of a product that is intended
to be diluted before use may refer either to the
concentrated or diluted form. The user may be
misinformed if the label is only casually read.
Careful reading of labels is always necessary.

One way to report the degree of alkalinity
of a product is to list potency as a percent of
sodium hydroxide. Some household alkaline
products contain this information, and a con-
centration of sodium hydroxide greater than
1% can cause tissue damage (49). The degree
of injury as a result of alkali exposure is re-
lated to the quantity, concentration, length of
exposure, and type of alkali. With most alkali
solutions, concentration is more critical than
volume.

In the United States, the greatest number
of injuries from corrosive substances involves
ingestion of alkali, rather than acids. The rea-
son is probably related to the wider availabil-
ity of alkaline household products. Also, the
toxic potential of many alkali products is not
universally recognized. Although the term
“acid” is a common household term, “al-
kali” or “base” is less common. As a result,
alkaline substances, such as dishwasher deter-
gents and nonphosphate detergents, are stored
carelessly in areas where children have easy
access to them.

Most damage from ingested alkali occurs
primarily to the esophagus (see Table 10.2),
with gastric involvement reported in about
20% of cases. Seventy-five percent of all caus-
tic injury to the esophagus in children under S
years results from sodium hydroxide. Eighty-
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Unknown

Type of Caustic Agent

FIG. 10.2. Relation of the severity of esophageal injury to the type of caustic agent ingested. Solid
bars represent first-degree bums, hatched bars second-degree bums, and stippled bars third-
degree burns. The causative agent was known in 55 of 60 children with esophageal injuries. (From

ref. 1.)

three percent of these victims are under 3
years, and 62% are males (6). Gastric acid is
not sufficiently strong or present in sufficient
quantity to neutralize even small quantities of
strong alkali.

The physical form of an alkaline substance
may determine the site and severity of caustic
damage (Fig. 10.2). To illustrate, solid crystal-
line forms are not easily swallowed, nor are
they readily spit out unless taken with lots of
fluid. They adhere to the glossopharyngeal,
palatal, and proximal esophageal mucosa to
cause deep, irregular painful bums (28). Be-
cause of this adherence proximally, less dam-
age is apt to occur distally. Liquid alkaline
substances, on the other hand, pass freely
through the esophagus and are considered to
be more hazardous (22). Tissue damage will
be more diffuse to the esophagus, as well as
to the stomach (10,34,44,52). Suicidal adults
often ingest alkaline products along with lig-
uids so that they can ingest larger quantities.
Deep esophageal and gastric damage, there-
fore, are seen commonly in these individuals
(10,39,52).

Oral caustic bums cause much discomfort
(see Table 10.3). A lack of dysphagia does
not necessarily mean that esophageal injury is

absent, and early management must still be
initiated. Examining the mouth often confirms
that an alkali substance was ingested. Some-
times a probable diagnosis can only be made
from the child’s obvious distress, along with
discovery of an overturned or partially emp-
tied alkaline-product container.

Mechanism of Toxicity

The initial reaction after contact of tissues
with alkali is saponification (soap formation).
Tissue damage resulting from alkali is a form
of liquefactive necrosis, which destroys not
only the surface epithelium, but also the un-
derlying mucosal wall. This enhances its pene-
tration into tissues (58). Consequently, sys-
temic complications are common.

Characteristics of Poisoning

Esophageal damage after alkali injury oc-
curs in stages (61). Initially, in the acute
phase, which manifests within 3 to 5 days,
there may be intramucosal or transmural dam-
age involving the periesophageal tissues and
structures in the mediastinum. Inflammation,
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edema, and congestion occur throughout the
entire esophageal wall. In severe cases, the
esophagus may perforate.

Tlie second stage occurs over the next S to
12 days and is characterized by liquefacdve
necrosis resulting in intense inflammation and
edema. This is the point at which the esopha-
geal wall is most susceptible to ulceration,
bleeding, and perforation. To illustrate the po-
tential for damage, a 10-sec exposure of rabbit
esophagus to 7N (22.5%) sodium hydroxide
produces necrosis in all layers of the tissue
(31). This phase is associated with deposition
of fresh granulation tissue, which is eventually
replaced by collagen fibers.

After the acute stage, healing and scarring
begin. After 3 to 4 weeks, contraction and
stricture are seen. Esophageal strictures are
the most frequently observed complications of
alkali ingestion. The usual incidence of stric-
tures with granular or solid lye ingestion is
10% to 25% compared to approximately
100% for liquid lye (6,28).

Management of Poisoning
Skin and Eye Contamination

Skin and eye contamination should be
flushed immediately and thoroughly with wa-
ter for at least 15 to 20 min. Some treatment
regimens suggest that severe alkali bums
should be irrigated for at least 8 to 24 hr (58).
All contaminated clothing and jewelry, and
contact lenses if present, should be removed.
As with acids, no medication should be placed
on the lesion. Strong soap should not be used
during or after the rinsing process.

Ingestion o fAlkali

Ingestion of even a single granule of solid
alkaline material or a milliliter or more of a
liquid alkali warrants emergency consultation
by qualified medical personnel. The extent of
damage cannot be estimated from presenting
symptoms. If a victim displays bums around
the mouth and lips, then moderate-to-severe
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toxicity may be suspected. However, even
though the individual may not have observ-
able bums in or around the mouth, this does
not mean that severe esophageal damage has
not occurred. Reflex swallowing of irritating
substances is so quick that the substance is
present in the mouth only for a short period.

As with acids, the treatment regimen for
alkali ingestion is not standardized, and there
are controversial points of view. Many precau-
tions must be kept in mind. For example,
emetics are contraindicated. Emesis reexposes
the esophagus to the corrosive. Moreover,
there is a possibility of aspiration of contents
to cause severe edema, inflammation, ulcer-
ation of the glottis, and aspiration pneumo-
nitis.

Gastric lavage is not universally recom-
mended for alkali ingestion, but is occasion-
ally performed only for large volumes of acid
(50). Also, there is no great advantage to using
activated charcoal since it adsorbs caustics
poorly, and interferes with the endoscopy pro-
cedure used to determine extent of injury (29).

As a means of terminating exposure, dilu-
tion or neutralization after alkali ingestion has
been questioned again. The general recom-
mendation is to dilute with one or two glass-
fuls of cold milk or water. The objective is to
minimize damage to the mouth, esophagus,
and stomach.

Those who disagree with this approach con-
tend that damage is instantaneous, and the re-
sulting exothermic reaction increases the risk
of further damage and vomiting (29,50). Also,
it is difficult to persuade a small child to drink

TABLE 10.7. Composition of Drano
crystals and Clinitest tablets

Orano crystals

Sodium hydroxide 54.2%

Sodium nitrate 30.45%
Aluminum shavings 4.10%
Inert substances 11.25%

Clinitest tablets

Sodium hydroxide 232.5 mg
Sodium carbonate 80.0 mg
Copper sulfate 20.0 mg
Citric acid 300.0 mg
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Time—Seconds

FIG. 10.3. The heat of reaction that occurs when various diluents are added to Crystal Drano.

(From ref. 55.)

anything after ingestion of a corrosive because
of the pain and tenderness experienced.

Rumack and Burrington (55) examined the
neutralization/dilution question. In a series of in
vitro experiments, a weired quantity of crystal
Drano or a Qinitest tablet (Table 10.7) was ex-
posed to water, milk, lemon juice, or vinegar.
The resulting temperature was determined and
plotted as shown in Figs. 10.3 and 10.4.

It can be seen from these figures that the
choice of diluent makes a difference in the
amount of heat formed and its rate of forma-
tion. Milk appears to be the diluent of choice

for Clinitest tablets. Heat production was
slower when milk was added to Drano. It is
difficult to state with certainty that milk
should be used to dilute Drano crystals since
the temperature at the end of 2 min is similar
as with the other diluents. Diluted solutions
of vinegar or lemon juice (neutralizing agents)
produce a significant increase in temperature,
as compared to milk, and are not indicated in
the management of ingested alkali.

If swallowing is possible, antacids and dairy
products, such as ice cream and milk, are per-
missible. As long as the individual can swal-

F 16 .10.4. The heat of reaction that oc-
curs when various diluents are added to
Clinitest tablets. (From ref. 55.)
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low, all medications and clear liquids can be
given orally and the diet increased progres-
sively as tolerated.

Lesions may develop for 24 hr cr more after
ingestion. Patients must be observed closely for
several days after ingestion. Endoscopic exami-
nation has proved to be useful in assessing esoph-
ageal dam ~ after alkali ingestion (71).

When surgery is indicated it must be per-
formed quickly. Early indications for surgery
include mediastinal drainage after acute perfo-
ration, tracheostomy for laryngeal edema and
respiratory distress, or a gastrostomy for feed-
ing in acute severe injuries or extensive
chronic strictures (6).

Occasionally the esophagus will require
surgical reconstruction.

Steroids and Antibiotics

The rationale for use of glucocorticoids is
to reduce fibrosis and esophageal rupture after
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alkali ingestion. It is based on animal studies
(31,53). Using corticosteroids within the first
24 hr after corrosive alkali damage has been
shown to decrease collagen formation, fibro-
plasia, and subsequent formation of scar tissue
and stricture (20,64). Steroids are probably
most effective in preventing stricture in cases
of second-degree bums, are less effective in
reducing damage in first-degree bums of the
esophagus, and are questionable in treating
third degree bums (8,23,25,61,65). On the
other hand, steroids increase the possibility of
infection. Antibiotics may be administered to
reduce further complications from microbial
invasion (45). Therapy with both agents must
be initiated quickly to be effective. Some stud-
ies have shown steroids to be ineffective in
decreasing development of esophageal stric-
ture after ingested alkali in children, and de-
velt*ment of stricture is related to the severity
of the initial corrosive injury (1).

Emergency Management Outline:
Household Cleaning Product Ingestion

1
possibto Ingntlon

1
IMMBNATELY:
aiutt (ngestad malerM. krigete exposed surface.

DETERMINE NATURE OF PRODUCT

BleacNng ~ Ammonia
Agent Containing
(Hypochlorlta) Product

Strongly acid or
Alkaline Products
(Caustic, Corrosive)

Cationic Detergent

Soap; ardenlc or
Quaternary Arrimonlum Compounds
.

rwnlonic detergent

DETERMINE AMOUNT INGESTED DETERMINE PRODUCT CONCENTRATION
|
norMoide houashoM Mustrial strength
amount toade amount product ( <5%) product ( > 5%)
°
INDUCE EMESIS
*OBSERVE FOR SYMPTOMS"- TREAT AS POSSIBLE CORROSIVE

GO TO CORROSIVE MANAGEMENT OUTUNE.

FIG. 10.5. Emergency management outline. Flow chart lllustrating the steps involved in assess-
ment and management of a victim of poisoning by a household product. (Reproduced with permis-
sion of the Soap and Detergent Association.)
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Bougienage

With bougienage, a bougie (dilator) is
passed through the esophagus to increase its
caliber after stricture. Increasing the size of
the dilator over a period of time aids in eventu-
ally widening the esophageal lumen. For se-
vere strictures, bougienage may be required
over many years.

Figure 10.5 presents a flow chart that illus-
trates important decisions and procedures in
management of corrosive poisonings. This
may be helpful when reviewing major treat-
ment modalities discussed in this chapter.

SPECIFIC ALKALINE CORROSIVES
Disk Batteries

The use of small, flat disk-shaped {button)
batteries has increased as the use of cameras,
calculators, and other electronic gadgetry has
increased in recent years. The incidence of
ingestion of these batteries has increased pro-
portionately (38). One estimate puts the num-
ber at 510 to 850 ingestions annually in the
United States (36). A summary of 125 battery
ingestions over an 11-month period revealed
the location of the batteries before ingestion:
48.7%, loose or discarded; 34.4%, in the prod-
uct; and 3.4%, in the manufacturer’s package.
Hearing-aid batteries were most commonly
swallowed (33.9%), and 14 batteries were in-
gested by children after they removed them
from their own hearing aids (37).

Plastic Grommet
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These batteries are constructed of a cathode
can and anode cap separated by an electrode-
soaked fabric (Fig. 10.6). Most often disk bat-
teries are passed through the GI tract without
incident (32,37). However, batteries have been
known to become lodged within the esophagus
and leak into the GI tract, resulting in severe
corrosive toxicity and, sometimes, death.

Disk batteries may contain oxide salts of
mercury, silver manganese, zinc, or cadmium;
or lithium hydroxide. They also contain con-
centrated potassium or sodium hydroxide as
a major ingredient.

In vitro studies have demonstrated that
when the batteries come in contact with a
moist environment they quickly begin to re-
lease their contents. In one study, batteries
were immersed in normal saline in a 10 to
15:1 (vol:vol) ratio (64). The initial pH was
5.0. Bubbles were soon noted to emanate from
the batteries, and a black-brown precipitate
formed. The solutions quickly became alka-
line and achieved a final pH between >10
to >12 by 2.5 hr. Even used or discarded
(uncharged) batteries produced a pH of 8 to
9, accompanied by a brown-black precipitate.

Disc batteries may pass beyond the esopha-
gus and are recovered in the stool within 48
to 72 hr. Those that lodge in the esophagus
must be removed surgically (37,64). Activated
charcoal is not indicated because of the small
but real risk of airway obstruction (36). It is
also uniformly unsuccessful as is ipecac-
induced emesis (37). Cathartics are advocated
to hasten removal of batteries that will reach

FIG. 10.6. Cross-section of a mercuric oxide button battery cell consisting of an amalgamated
powdered zinc anode, a tightly compacted mercuric oxide and graphite cathode, an electrolyte-
soaked felted fabric separator, and a plastic grommet, all contained in a steel can coated with
nickel, and a steel top coated internally with copper and externally with gold and nickel.
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the stomach or beyond, and H2-antagonist$
and antacids are advocated to help reduce gas-
trointestinal bleeding. Benefit from these
agents remains unproven. Metoclopramide
may be given to hasten removal of batteries
that demonstrate a persistent gastric position.
The vast majority of battery ingestions are be-
nign and do not require endoscopic or surgical
intervention.

Soaps, Detergents, and Shampoos

Soaps and detergents constitute the largest
class of household products found in greatest
quantity around the household. Most soaps are
relatively nontoxic and possess an emetic ac-
tion that is possibly as effective as syrup of
ipecac (Table 10.8). Soap-induced emesis is
mediated through a direct effect on the GI
tract, rather than systemic action (9). Ingestion
of many soap products is not especially dan-
gerous because soap is self-eliminating, and
very few symptoms, other than upset stomach,
will be experienced.

Bar soaps have a low order of toxicity. The
most prominent symptoms produced by inges-
tion are usually nausea and vomiting, although
diarrhea can appear and may become severe.

Although the same general statement about
emetic action of soap is true, ingestion of
strong detergents may cause a variety of reac-
tions, depending on the specific product. De-
tergents contain a wide variety of inorganic
and organic ingredients, among which are sur-
factants and wetting agents. Surfactants may
be anionic, cationic, or nonionic. Most house-
hold detergents contain anionic or nonionic
surfactants. Cationic detergents have a greater
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toxicity potential compared to anionic and
nonionic detergents. The latter generally pro-
duce local irritation, whereas cationic deter-
gents may incite severe irritation and possibly
systemic effects.

Builders are added to detergents to improve
cleaning action of the product, usually by in-
activating calcium and other minerals. Com-
mercially used builders may include carbon-
ates, silicates, aluminosilicates, and sulfates.
The use of phosphates as a builder was popu-
lar in previous years. Phosphates have been
largely replaced in recent years because of the
concern about their effect on the environment.
The major problem of toxicologic concern
from ingestion of most detergent products is
the builder. Because of their high alkalinity,
it may produce severe ocular irritation and
oral and gastrointestinal bums (35).

Other ingredients including whitening
agents, fabric softeners, suds-controUing
agents, and enzymes are frequently added.
These are usually of no toxicologic concern.

Granular soaps and detergents generally
have a low order of toxicity. The exception
is automatic dishwashing machine detergents,
which are highly alkaline and produce corro-
sive action (30).

Shampoos have a low order of toxicity, al-
though gastric irritation may cause a greater
incidence of nausea and vomiting. Addition of
"antidandruffagents" to shampoos generally
increases the products’ toxicity.

Management of soap, detergent, or sham-
poo ingestion should involve immediate dilu-
tion with water or milk. Spontaneous emesis
should be expected; induction of emesis is sel-
dom necessary. When highly alkaline prod-

TABLE 10.8. Emetic action of household cleaning products In dogs

Products

Heavy-duty granular laundry detergent
Ught-duty liquid detergent

General purpose liquid household cleaner
Bleach, liquid (sodium hypochlorite)
Toilet soap

Syrup of ipecac

Mean emetic dose

Mean time tor emesis
(min)
1-4
.5 15-45
.0 0.5-10

(g/kg)

0.02-0.05
-1
1

25 1-2
0 30-60
1

3
1
0.
5.
0. 30-50
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ucts, such as automatic dishwasher detergents
are ingested, management for a corrosive sub-
stance should be followed. If vomiting or diar-
rhea becomes prominent, symptomatic treat-
ment and fluid replacement may be necessary.

Management of eye or skin exposure is the
same as outlined previously for corrosives.
The management outline for household soaps,
detergents, and shampoos was given in
Fig. 10.5.

Liquid hard-surface cleaners often contain
pine oil or petroleum distillates. Although the
quantity of such substances contained in these
products is generally of little toxic concern,
their chance for being aspirated during emesis
is real. Consequently, victims who ingest one
of these products should be kept as quiet as
possible and not be made to vomit. (Refer to
chapter 7).

Ammonia and Ammonium Solutions

Ammonia, oven cleaners, and drain clean-
ers are highly alkaline and extremely corro-
sive. Ammonia solution (household ammo-
nia), per se, ranges from 5% to 10% ammonia,
but an industrial strength solution greater than
50% is also available. Ammonia is used in a
wide variety of products, and its corrosive ac-
tion is seen on all cells. Ingestion of stronger
solutions must be treated the same as any
caustic substance.

Inhalation of ammonia gas produces irrita-
tion of the upper respiratory tract, often caus-
ing cough, dyspnea, and pulmonary edema.
Contact with skin or eyes produces severe
pain and corrosive damage. Ingestion of am-
monia solution resembles that of a typical al-
kaline corrosive. Treatment is the same as for
other alkaline corrosive substances.

A distinction must be made between ammo-
nia, per se, and products advertised as having
ammonia. These latter products contain small
quantities of the substance and are usually of
little toxic concern.

Bleach

Most bleach products are solutions of 3%
to 6% sodium hypochlorite (NaOCI) in water.

229

The pH is approximately II, which makes
them highly alkaline. Bleach ingestion pro-
duces severe irritation and corrosion of mu-
cous membranes with pain and inflammation.
The amount ofbleach actually ingested is usu-
ally small, probably due to its extremely bad
taste, and bleach solutions are spontancously
vomited. Therefore, severe toxicity is often
avoided. Two large clinical studies examined
the outcome of ingestion of chlorine bleach.
They found no esophageal strictures or perfo-
rations (33,51).

Management of bleach ingestion includes
dilution with water or demulcents, such as
milk or antacids. Neutralization with acidic
solutions and ipecac-induced emesis are con-
traindicated. Hypochlorous acid is formed in
the stomach when sodium hypochlorite reacts
with hydrochloric acid. Hypochlorous acid is
not toxic when absorbed in small quantities,
since it is buffered by the blood. However, it
is extremely irritating to mucous membranes
of the esophagus and the GI tract.

Bleach should not be mixed with strongly
acidic or alkaline cleaning agents in an un-
vented area, although this is apparently com-
mon practice in some households (see the case
study at the end of this chapter). When bleach
reacts with either acid or alkali, as shown in
Fig. 10.7, either chlorine or chloramine gas
may be released. Both can cause lacrimation
and irritation to the mucous membranes and
respiratory passages if inhaled in sufflcient
concentrations. In high concentrations, both
could cause asphyxiation.

Some bleaches, especially the powdered
ones, contain other oxidizing agents, such as
peroxides or perborates. When present, inges-
tion of these types of bleaches must be treated
more vigorously.

Todine

The toxicity potential for iodine may be
overstated and overemphasized. Deaths are
rare (13). It is doubtful that the quantity con-
tained in 0.5 to 1 ounce, which is the normal
quantity found in most homes, would inflict



230
Strongacid — CL 1 *
Sodium Hypochlorite (H*) (chlorine)
(NaOCT) . { Strongalkali - NHCII *
(NH-*) (chloramine)

serious injury. Most fears of iodine or reasons
for its bad image probably resulted from use
in previous years of the 7% tincture, which is
no longer used except in veterinary practice.

Iodine is a direct protein precipitant that is
corrosive to mucous membranes. In the intes-
tine, it is converted to the less toxic iodide,
and rapidly deactivated by food in the GI tract.
Furthermore, it causes a strong vomiting re-
flex, which removes much of the poison. All
of these factors help minimize toxicity.

Major effects after ingestion of iodine (2%)
involve the GI tract, with nausea, vomiting,
diarriiea, and gastroenteritis being paramount.
Hypotension, tachycardia, cyanosis, and other
signs of shock may be apparent. Ingestion can
be quickly recognized by the appearance of
brown stains in the mouth or on the lips, or
by brown-colored vomitus.

Iodine ingestion should be treated to reduce
the extent of gastrointestinal damage. Dilution
with milk or water is appropriate. A starch
solution (1% to 10%) will absorb iodine. Gas-
tric lavage, with soluble starch, is useful.
Then, a 1% to 5% solution of sodium thiosul-
fate can be instilled to convert remaining io-
dine to iodide. Glucocorticosteroids should be
administered as quickly as possible to reduce
the chance of esophageal flbtosis, a complica-
tion that may occur later.

Death from massive ingestion usually oc-
curs within 48 hr from circulatory collapse
due to shock or from aspiration during emesis,
which causes pulmonary edema (13).

Quaternary Ammonium Compounds

Quaternary ammonium compounds (QACs)
are cationic surfactants used in a wide variety
of products, such as disinfectants, bacteri-
cides, deodorants, and sanitizers. QACs are
all potentially toxic. Toxicity varies with the
specific compound, the concentration of prod-
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RG. 10.7. Sodium hypochlorite (bleach)
mixed with strong acid or strong alkali
results in formation of chlorine or chlo-
ramine gas.

NaOH

NaOH

uct, dose ingested, and the rate of administra-
tion. All QACs produce similar symptoms
through a similar mechanism.
Concentrations above one-percent produce
superficial necrosis of mucous membranes,
causing GI tract erosion, ulceration, and hem-

.orrhage. Edema of the glottis and brain has

been reported, as well as damage to the heart,
liver, and kidney.

All QACs cause disinfection only to chemi-
cally clean areas. In the presence of any trace
of soap, they are inactivated. Thus, soap is a
suitable means for preventing damage from
QAC poisoning, from either skin contamina-
tion or oral ingestion. Ingestion of a cleaning
agent greater than 5% to 10% of QACs should
be treated as a corrosive alkaline ingestion.

SUMMARY

There is a wide variety of acids and alkali
that have the potential to cause significant cor-
rosive damage. Although acids and alkali dif-
fer in their pathophysiologic effects, precau-
tions against exposures are similar. Table 10.9
lists some common household products that
are rated based upon their relative toxicity.

Case Studies

CASE STUDY: CORROSIVE ALKALI
TABLET INGESTION

History

A 38-year-old diabetic woman sought med-
ical attention after ingesting 75 Clinitest tab-
lets (see Table 10.7) approximately one week
previously. She was nauseated immediately
after ingestion and vomited everything she ate
or drank. Still, she did not seek immediate
medical attention. In the emergency room she
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TABLE 10.9. Summary of toxic household products

Product

Soaps, Detergents, Cleaners, and Bleaches

High

Medium

Low

Inhalation
hazard

Electric dishwasher granules"
Ammonia*

Bleach, commercial

Bleach, oxygen

Bleach, chlorine

Borax
Water softeners (soluble)*

Liquid general cleaners:
Kerosene
Pine oil

Detergent granules* for
laundry, dishes, and
general use

Detergent powders*

Liquid detergents

Toilet soap

Pabiic softeners

Window cleaners (liquid)

Chlorine bleach mixed with:
Strong acid (bowl cleaner)

Ammonia

Disinfectants and Deodorizers

High

Medium to
high*

Medium

Naphthalene deodorizer
(bathroom, toilet.
garbage can)

Acid disinfectant (boric.
chloroacetic, formic.
salicytic, etc.)

Phenolic disinfectant

Alkali disinfectant (sodium or
ammonium hydroxides)

Benzalkonium and other
QAC* disinfectants

Pine oil disinfectant

Halogen disinfectant

Wick deodorizer

Deodorizing cleanser
p-Dichk>robenzene or sodium
bisulfate deodorizer
(bathroom, toilet.

garbage can)

Toxic ingredient of effect

Caustic (may be severe)

Caustic; coma and convulsions

Boric acid or oxalate poisoning

Boric acid poisoning

Gastrointestinal irritation, some
causticity

Boric acid poisoning

Some caustic; hypocalcemia and
acidosis possible

Pneumonia, systemic toxicity

Gastrointestinal and genitourinary
irritation; depression and
weakness

Gastrointestinal irritation to
causticity (some frankly
caustic and have higher
toxicity)

Gastrointestinal irritation
(causticity possible but
unlikely)

Gastrointestinal irritation

Gastrointestinal irritation

None

Alcohol

Chlorine gas (intense respiratory
irritation)

Chloramine fumes (respiratory
irritation, nausea)

Irritation, coma, convulsions,
hemolysis, kidney damage

Corrosive, plus systemic effects
of anion

Phenols; hexachlorophene
(gastrointestinal irritation.
shock, coma; corrosion or
kidney damage possible)

Potentially caustic

Gastrointestinal irritation.
convulsions, coma,
respiratory distress, collapse

Gastrointestinal and genitourinary
irritation; depression and
weakness

Hypochlorites or chlorinated
hydrocarbons (irritation;
excitation)

Formaldehyde and hydrocarbons
(gastrointestinal irritation,
abdominal pain, shock,
hematuria, coma,
convulsions)

Pine oil or QAC

Irritation, abdominal pain.
narcosis; liver, kidney
damage possible

Treatment*

Treat as caustic bum*

As caustic*; supportive

Milk, calcium; supportive

Supportive

Demulcents + treat as caust
bum

Supportive

Milk; as for caustic*;
supportive

As for petroieum distillates
Supportive; demulcents

Demulcents; treat as caustic
bum*

Demulcents, soap; + treat as
caustic bum*

Demulcents, soap
Demulcents

None

See footnote e

Bicarbonate aerosol; oxygen

Terminate exposure;
supportive

Supportive; alkalinize urine;
transfuse as needed

Supportive; treat as caustic
bum

Treat as caustic bum or
anticipate renal failure

Demulcents; + treat as
caustic bum

Supportive; demulcents; mild
soap solution or milk

Supportive; demulcents

Demulcents; + treat as
caustic bum; sedation as
needed

Supportive; demulcents

See above
Supportive; demulcents;
sodium bicarbonate



232 CORROSIVES
TABLE 10.9. Continued.
Toxldty Product Toxic ingredient of effect Treatment™
Low lodophor disinfectant Detergent-iodine complex Demulcents
(gastrointestinal irritation)
Nil Spray deodorizer Variable Symptomatic
Refri*rator deodorizer Charcoal (inert) Norte
Cosmetics
High Permanent wave neutralizer May contain either: Supportive
Pertxsrate (boric add For boric acid poisoning
poisoning)
Bromate (Irritation, collapse, Sodium thiosulfate by
hemolysis, kidney damage) rrtouth; demulcent;
consider dialysis early
Fingernail polish remover Toluene; aliphatic acetates Supportive
(Irritation; central-nervous-
system depression)
Medium Fingernail polish Same as fingernail polish Supportive
remover
Hair dye, metallic Metal salts, pyrogallol (metal For metal (if severe);
poisoning; corrosive) demulcents
Permanent wave lotion Thioglycolais (irritation; possible Supportive; demulcent
hypoglycemia)
Bath oil Perfurne; suHated castor oil Demulcent (milk)
Shaving lotion Alcohol Supportive
Hair tonic Alcohol, others (variable) SupfXHtive*; demulcents
Cologne; toilet water Alcohol, essential oils Supportive*; demulcents
Low Perfume Alcohol, essential oils (Irritation; Supfxtrtive*; demulcents
possible hypoglycemia)
Shampoo Anionic detergent (irritation) Demulcent (milk)
Bubble bath Sodium lauryl sulfate [demulcent (milk)
(gastrointestinal Irritation)
Depilatory Thioglycolate {see above) Supportive; demulcent
Hair straightener Glycols and alcohols; may be Supportive + as for caustic
caustic
Hair dye, oxidation Various amines, etc. Demulcent; methylene blue
(gastrointestinal Irritation; for severe
7methemoglobinemla) methemoglobinemia
Deodorant Alcohol; aluminum or zinc salts Supportive*; demulcents
(gastrointestinal irritation;
possible hypoglycemia)
Shaving cream Soaps Demulcent (milk)
Bath salts Polymeric phosphate; borax For causticity or boric add
poisoning
Nil Makeup, liquid
Eye makeup
Hair dye, vegetable (henna,
irKlIgo)
Cleansing or conditioning None None

cream
Hair dressing (nonalcoholic)
Hand lotion or cream
Lipstick, tube rouge

‘ In addition to evacuation of stomach (except with caustic bum) or removal from skin, when indicated.
"Products threatening caustic effects ~11 be Identified with a caution label.
‘Depending on constitution and concentration.

‘QAC, quaternary ammonium compounds.
' Ethyi alcohol, in addition to being a depressant, may produce hypoglycemia in young children. Related alcohols,
with the exception of metharKsl, have qualitatively similar effects; none of the above contains methanol.
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was in hypoglycemic coma. She received in-
travenous glucose, and was soon discharged.

Several days later, she was seen again in
the emergency room for hypoglycemic coma
and severe abdominal cramping. It was at this
time that she admitted to ingesting the Clin-
itest tablets.

Physical examination was unremarkable ex-
cept for epigastric tenderness. Esophagoscopy
of the distal half of the esophagus showed
white plaques with erythematous mucosa and
ulceration surrounding them.

The endoscope was not advanced into the
stomach until a week later. At that time, stric-
ture of the distal esophagus and esophagitis
were observed. Three weeks later, pathologic
changes in the antral portion of the stomach
included contraction and ulceration. Further
studies revealed esophagitis and food retained
in the stomach. The duodenum speared
normal.

The constricted esophagus was dilated with
bougienage. Eventually a hemigastrectomy
and gastroduodenotomy were performed. On
examination of the removed tissue, a benign
gastric ulcer with severe adjacent fibrosis and
inflammation was noted. (See ref. 39.)

Discussion

1. After ingestion of /5 Clinitest tablets, why
were symptoms delayed? What are some
of'the reasons you think helped this patient
to survive?

2. What was the purpose of the bougienage?

3. The endoscopic examination was under-
taken quite slowly (e.g., only the proximal
half of the esophagus was examined ini-
tially, with the next portion examined a
week later). Discuss the reason for this
delay.

4. Define the terms endoscopy, hemigastrec-
tomy and gastroduodenotomy.

CASE STUDY: TOXICITY TO
ALKALINE BATTERY INGESTION

History

A 16-month-old girl presented to an emer-
gency facility as an alert, irritable, tachypneic
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child. Vital signs included temperature,
102.2°F; pulse, 172 beats/min; respirations,
S2/min; and blood pressure, 118/80 mm Hg.
She was estimated to be 10% dehydrated.

Previous to admission, she experienced a
vomiting episode and developed a fever. It
was not until she became progressively irrita-
ble and developed abdominal distension and
tachypnea that she was brought to the hospital.

During examination, chest X-ray films re-
vealed a round radiopaque foreign body
lodged in the upper thoracic region. At this
time, the parents remembered that an alkaline
battery for their camera flash attachment had
been missing for about 3 days. There was no
other information the family could provide.

Laboratory results were all within the nor-
mal physiologic limits.

Treatment began with a thoracostomy,
which resulted in removing about 100 mL of
a straw-colored fluid mixed with black partic-
ulate matter. After an esophagoscopy, a flat
alkaline camera battery measuring approxi-
mately 22 mm X 5 mm was recovered. There
was marked black discoloration and necrosis
of the surrounding esophagus. It was felt that
the esophagus was probably perforated.

The victim was given clindamycin hydro-
chloride intravenously, and fluid replacement.
She remained stable after surgery, but was
later sent back to the operating room to have
the mediastinum drained and a feeding gas-
trostomy inserted.

Approximately 2 hr later she died from car-
diopulmonary arrest. A large amount of blood
was removed from her stomach during resus-
citation attempts.

Postmortem examination revealed that
death occurred from hemorrhage by perfora-
tion. Microscopic examination revealed lique-
factive necrosis which extended through the
mucosa and submucosa layers of the esopha-
gus. (See ref. 44.)

Discussion

1. The outstanding major point with regard to
this case is that an object, about the thick-
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ness of three stacked quarters was swal-
lowed and caused death, not from suffoca-
tion but from esophageal perforation. Why
do you think this smooth flat object became
lodged in the esophagus, and did not enter
the stomach?

2. It is estimated that batteries contain a 4S%
potassium hydroxide solution, that is on
the order of 8N KOH. Describe the type of
corrosive injury that occurs with a caustic
substance of this magnitude.

CASE STUDY: BATTERY
ACID INGESTION

History

A 49-year-old man who owned an automo-
tive garage ingested an undetermined quantity
of battery acid (concentrated sulfuric acid) in
an apparent suicide attempt. On admission to
the emergency room he complained of burn-
ing in his mouth and dysphagia. He later vom-
ited. A frothy, blood-tinged secretion was ob-
served in his mouth and pharynx. The mucosa
of the hypopharynx appeared white and the
uvula were swollen. Coarse rhonchi were
present bilaterally. His abdomen was tender
on touch; bowel sounds were minimal. Labo-
ratory results are shown in Table 10.10.

Alxlominal roentgenography showed a
large radiopaque mass in the region of the
stomach.

Treatment consisted of intravenous penicil-
lin and hydrocortisone acetate. Approximately
12 hr postadmission, the patient experienced
respiratory distress and a tracheostomy was

TABLE 10.10. Laboratory findings

WBC =24,000 mm®
Hct =51%

PTT =100 sec

PT =40% (16.8 sec)
pH =7.32

pO* =79 mm Hg
PCO2 =33 mm Hg

WBC, white blood cells; Het, hemato-
crit; PTT, partial thromboplastin time; PT,
prothrombin time.
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performed. A gastrostomy was planned. How-
ever, upon close examination, blood was
found in the abdominal cavity. A gastrectomy
was, therefore, performed instead.

Three days later, the patient was readmitted
to surgery for further examination and possi-
ble reassessment. At that time, 1,500 mL of
fresh blood was found in the abdominal cavity
and a gangrenous portion of the ileum was
removed.

The patient was followed closely and on
the 11th hospital day, upper gastrointestinal
bleeding from an erythematous esophagus de-
veloped. There was no esophageal stricture.
A vigorous antacid regimen was prescribed.

By the 16th hospital day, the man was
drinking fluids. He was discharged 19 days
after ingestion, and a high-protein diet pre-
scribed. Six months later he showed complete
recovery, weight gain, and no signs ofesopha-
geal stricture. (See ref. 12.)

Discussion

1. Did the ingestion of battery acid by this
man produce the expected type of injury
with respect to site and extent of damage?

2. What was the purpose of treating this pa-
tient with an antibiotic and steroid?

3. Although a gastrostomy was originally
platmed, a gastrectomy was performed in-
stead. Of what value would this later proce-
dure have considering the extent of gastric
damage?

CASE STUDY: HYDROCHLORIC
ACID INGESTION

History

The patient, a 13-year-old boy, attempted
suicide by drinking approximately 60 mL of
a liquid toilet bowl cleaner (15% HCI) and
3.250 mg acetaminophen. When he arrived at
the emergency department he was lethargic,
vomiting, and had gastric pain. He also had
tachycardia.

Esophagogastroduodenoscopy revealed muco-
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sal ulceration with hemorrhage and clotting in
the antrum, body, and fundus of the stomach.
The esophagus and duodenum were spared.
The patient was placed on a liquid diet, antide-
pressants, and ranitidine.

On the 11th day he complained of anorexia
and vomiting. He had lost 12 1b over the previ-
ous two weeks and was able to accept only
one ounce of liquid at a time.

An upper gastrointestinal series was per-
formed 14 days postingestion. It revealed an
antral ulcer and prepyloric stricture. The patient
received total parenteral nutrition (TPN)
through a central line, small amounts of oral
liquids, and antacids. Ranitidine was continued.

He was transferred to a psychiatric unit for
the next four weeks. A second upper gastroin-
testinal examination was performed 10 weeks
postinjury, and revealed multiple ulcers on the
greater curvature of the stomach. He was read-
mitted, complaining of anorexia and vomiting.
Endoscopy disclosed multiple ulcers, divertic-
ula, and prepyloric stenosis. He was now able
to tolerate a liquid diet, and was taken off
TPN and sent home.

He gained 5 1b over the next six weeks, de-
spite the fact that his appetite was poor. By four
months postinjury, the ulcer (ize had decreased.

By 11 months postingestion, the boy was
asymptomatic, and had gained 17 Ib. An upper
gastrointestinal examination revealed that the
ulcers healed, obstruction was no longer pres-
ent, and he had normal peristalsis. At 15
months all signs and gastrointestinal symp-
toms had resolved, and he returned to school.
(See ref. 28.)

Discussion

1. Of the two substances ingested by this pa-
tient, which one is considered to be of
greater concern: (a) 60 mL of the liquid
toilet bowl cleaner or (b) 3.25 g of acet-
aminophen? Give reasons to support your
answer.

2. This case is interesting because the victim
did not require gastric resection. Many
similar ingestions would have required it.
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Physicians managing this case reported
that they specifically delayed early surgery
because of the boy’s psychiatric illness.
What reasoning did they use to arrive at
this decision?

3. Comment on the type of drugs used. What
is their mechanism of action, and were they
needed?

CASE STUDY; HYDROFLUORIC
ACID POISONING

History

A petroleum refinery operator was working
in the plant’s alkylation unit. This unit used
hydrofluoric acid under pressure as a catalyst
to produce high octane gasoline components.
At the time of the accident, the unit was shut
down and neutralization of the acid was al-
most completed.

The operator attempted to remove a plug
and was splashed in the face with anhydrous
hydrofluoric acid. He was wearing protective
clothing which consisted of a hard hat with
safety visor, neoprene boots, gloves, and
jacket. After approximately 10 min, he was
washed with water, and a magnesium oxide
preparation was applied to the exposed area.

The patient was transported to an emer-
gency facility, arriving with stable vital signs:
blood pressure, 130/88 mm Hg; pulse, 88
beats/min; and respirations, 32/min. There
were third-degree burns throughout the lower
quarter of his forehead, both eyelids and
cheeks, and his nose and upper lip. His phar-
ynx was red and he had trouble swallowing.
Some keratoconjunctivitis was reported, but
no comeal damage. Also, dysphagia was evi-
dent, but breath sounds were clear.

The patient’s treatment consisted of in-
jecting the burn area with 40 mL of 10% cal-
cium gluconate and intubation of the airway
to assess respiratory function. Morphine 10 mg
subcutaneously was given for pain; Ponto-
caine drops were instilled into the eyes to re-
duce irritation. Laboratory findings are shown
in Table 10.11.
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TABLE 10.11. Laboratory findings

pH =7.21
pOz =68 mm Hg
pco’\ =36 mm Hg
HCOi =15 mEqg/LL
QO: saturation =86%
Senjm Ca** =3.5 mg/dL

The patient was later taken to the operating
room for excision of the eschar and debride-
ment of the bum area. He appeared to be
progressing satisfactorily. However, in the
recovery room, he developed ventricular fi-
brillation, which was converted successfully.
He subsequently died from a series of ventric-
ular fibrillation episodes, the last one resulting
in asystole.

Postmortem examination revealed intense
congestion of the upper respiratory mucosa
and pulmonary edema. His serum fluoride
concentration was 0.3 mg/dL. (See ref. 60.)

Discussion

1. What type of systemic toxicity does hydro-
fluoric acid manifest?

2. Why was the victim’s serum calcium so
low? What was the probable relationship
between the serum calcium concentration
and the cause of death?

3. Usually, tetany is a clinical manifestation
of hypocalcemia. In this patient, what was
the sign (aside from the laboratory report)
that indicated a decreased serum calcium
concentration?

CASE STUDIES: ACUTE SODIUM
FLUORIDE TOXICITY

History: Case 1

A 25-year-old man who intentionally in-
gested a commercially available rat poison
was admitted to the emergency room 2.5 hr
later. An unmarked box containing a finely
textured blue powder was also brought along.
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It was thought at the time to contain arsenic.
Later, it was shown to be sodium fluoride.

Physical examination was unremarkable ex-
cept for tachycardia (160 beats/min) and gal-
lop rhythm. The stool was positive for occult
blood. Cyanosis was not apparent. Laboratory
values are shown in Table 10.12.

An ECG recording revealed tachycardia
with a QT interval of 0.45 sec. Blood and
urine toxicologic analyses were negative for
drugs and arsenic.

Treatment consisted of 300 mg dimercaprol
intramuscularly, since the initial diagnosis
was arsenic poisoning. A nasogastric large-
bore tube was inserted. Gastric lavage was
performed using 3 L milk. After a while, there
was profuse drainage of bright red blood from
the nasogastric tube. Fluid replacement con-
sisted of saline and dextrose.

The patient developed ventricular fibrilla-
tion about 1 hr after admission. The arrhyth-
mia continued despite defibrillation proce-
dures and treatment with lidocaine. He died
after 30 min of unsuccessful resuscitation.

Postmortem findings showed severe con-
gestion of the lungs and liver, along with en-
largement of the left ventricle. The stomach
and esophagus had marked hyperemia, and the
lumen of the stomach contained about 50 mL
of a purplish-brown fluid that tested positive
for fluoride. (See ref. 4.)

History: Case 2

A 2.5 year-old girl ingested an undeter-
mined amount of commercial grade laundry
powder that was intended for use as a whit-
ener. The major ingredient was sodium sili-
cofluoride, although this information was not

TABLE 10.12. Laboratory findings

Na* =148 mEq/L
K* =4.3 mEq&E
cr =105 mEq/L
COz =47 mEq/L

Hot =48%

Hb' =164 g%

" Hb, hemoglobin.
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table 10.13. Laboratory findings

Na* =138 mEq/L
K =6.7 mEq/L
HCOi =mEq/L

a- o =107 mEq/L
+2 protein in urine

BUN* =31 mg/dL
Ca** =3.4 mg/dL

*BUN, blood urea nitrogen.

made available to emergency room personnel
for some time after admission. She was
brought to the emergency facility because of
progressive vomiting and lethargy that had
been evident for about 6 hr. She experienced
respiratory distress and periods of ventricular
tachycardia and fibrillation for the next 2 days.
She presented in a coma with respirations
of 6 to 8/min. Other vital signs were normal.
Generalized twitching and nystagmus were
also present. Chvostek’s and Trousseau’s
signs were not present. She responded only
to deep pain. Gastric lavage was performed
yielding a yellowing viscous material.
Laboratory findings were unremarkable for
hematology, blood glucose, and supine fluid
analysis. Other values are shown in Table 10.13.
The electrocardiogram showed a normal si-
nus thythm and QT interval of 0.52 sec.
Nine hours after admission, peritoneal dial-
ysis was initiated with calcium chloride added
to the dialysate. The patient received a contin-
uous infusion of calcium, and was also given

0. 1% calcium hydroxide (lime water) orally.

Ventricular tachycardia was controlled with
lidocaine and eight separate courses of electri-
cal cardioversion.

Nine hours after peritoneal dialysis was ini-
tiated, she became responsive and was fully
conscious 2 days later. No other major prob-
lems were noted, aside from a bout of viral
pneumonitis. (See ref. 70.)

Discussion

1. In both cases, there was a prolonged
QT interval. Discuss the mechanism of
fluoride-induced cardiotoxicity.
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2. What is the mechanism of fluoride-induced
pulmonary toxicity?

3. Are there any specific antidotes for fluoride
toxicity? If so, what are they?

4. Patient 1 tested positive for fecal occult
blood. How does this relate to the patho-
genesis of fluoride toxicity?

CASE STUDY: CHRONIC BORAX
INTOXICATION

History

A 4 1/2-month-old boy had experienced sei-
zures since age 2 months. At 3 months of
age, he was diagnosed as having epilepsy and
treated with phénobarbital. Seizures continued
despite the use of anti-epileptic medication.
On admission to the hospital, he appeared pale
and irritable and had patchy, dry erythema
over the scalp, trunk, and limbs. The results
of a physical examination were generally
unremarkable.

Laboratory values were mainly within nor-
mal limits, but a hypochromic normocytic
anemia was detected.

During examination the patient was quite
irritable and began to cry. In order to appease
the child, his mother dipped a pacifier into a
small brown bottle she carried in her purse.
When she gave the baby the pacifier coated
with this thick yellow-brown liquid, he imme-
diately stopped crying.

The bottle was labeled “Borax and
Honey.” Listed ingredients were: borax 10.5 g,
glycerin 5.25 g, and honey to 100 g. Appar-
ently she had learned this practice from her
own mother who had used this preparation
on all her children. The child had received
approximately 1 ounce per week since he was
1 month old.

With this information, blood and urine sam-
ples were analyzed for boric acid content (Ta-
ble 10.14).

After the borax-honey-pacifier therapy was
discontinued the child had no further seizures,
and the EEG recording returned to normal
after 1 week. Phénobarbital therapy was
discontinued.
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TABLE 10.14. Laboratory findings
mg/dL
Measurement Blood Urine
Borax 14.5 12.3
Boric acid 9.44 7.95

The infant was discharged, but therapy with
iron supplements was initiated. After several
months, the blood profile became normal. (See
ref. 21.)

Discussion

1. How does acute borax poisoning differ
from chronic borax intoxication as seen in
this case study?

CASE STUDIES: CHLORINE
BLEACH POISONINGS

History: Case 1

A 2-year-old girl drank several ounces of
household bleach (5.4% sodium hypochlo-
rite). She vomited almost immediately, and
was given milk and olive oil. She presented
to the emergency room with bums of the lips,
tongue, and hard and soft palate. Esophagos-
copy was delayed because the child had pneu-
monia. The course of treatment consisted of
antibiotics and corticosteroid therapy.

It was necessary to begin parenterhl feeding
because of increased difficulty in swallowing.
Hematemesis and fecal occult blood were
noted on the 4th hospital day. It was not until 3
weeks after admission that an esophagoscopy
could be performed. At that time it revealed
a severely burned esophagus with a4 to 5 cm
area of narrowing. At the end of 1 month there
was no change in the size of stricture, despite
several attempts at dilation. The following
week a gastrostomy was performed. She was
discharged 2.5 months after admission. (See
ref. 19.)
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History: Case 2

An 83-year-old diabetic woman was clean-
ing her bathtub with undiluted Clorox (5.2%
sodium hypochlorite). The stain was stubborn
to remove, even with soap, so she added al-
most a full can of Sani-Flush (80% sodium
bisulfate). Almost immediately she experi-
enced an intense burning sensation around the
mouth, nose, throat, and eyes. Though she be-
gan coughing, she persisted in cleaning the
area. She finally left the small unventilated
room when her breathing became extremely
difficult, approximately 3 to 4 min after
coughing began.

She presented at the emergency room with
symptoms of severe, near-fatal pulmonary
edema.

Treatment consisted of oxygen, morphine,
rotating tourniquets, prednisone, and a di-
uretic. She recovered completely within 10
days and was discharged. (See ref. 27.)

History: Case 3

A 3l-year-old man injected 0.3 mL of
5.25% sodium hypochlorite (Clorox) into a
right antecubital vein and then injected ap-
proximately the same amount into a left ante-
cubital vein using a 1.0-mL insulin U-100 sy-
ringe. He experienced immediate left-sided
chest pain and several episodes of vomiting
and was taken to the emergency department
by ambulance.

On arrival, his vital signs were normal ex-
cept for blood pressure of 162/98 mm Hg. He
was alert, awake, and in no apparent distress.
He had tenderness in the right lower quadrant
of his abdomen, and his liver edge was 3 to
4 c¢cm below the coastal margin. There was
erythema on both antecubital areas.

The ECG, urinalysis, serum electrolytes, ar-
terial blood gas, and serum glucose were nor-
mal. His urine toxicology screen was negative.
The blood ethanol concentration was 135 mg/
dL. Measured serum osmolality was 324
mOsm/kg; calculated osmolality, 288 mOsm/
kg; and osmolar gap, 36 mOstn/kg.



CORROSIVES

The patient said that he felt depressed and
had given himself the bleach injections while
watching a movie. This was the patient’s first
suicide attempt.

Emergency medical personnel applied
warm compresses to each antecubital area and
observed him for six hours, during which he
experienced neither further chest pain nor
vomiting. After psychiatric consultation and
treatment with multivitamins, folate, and thia-
mine, he was discharged after arranging out-
patient follow-up. He continued to do well
three days later. (See ref. 48)

Discussion

1. Is a solution of sodium hypochlorite acidic
or basic?

2. Is the site of injury consistent with the
chemical classification of this poison?

3. What happens when bleach is mixed with
gastric juice?

4. What is a gastrostomy, and why was it per-
formed on the patient in case 1?

CASE STUDY: BENZALKONIUM
CHLORIDE POISONING

History

Two and one-half month old twins (one
each boy and girl) were brought to a hospital.
They had fever, dehydration, circumoral ery-
thema, and numerous oral and pharyngeal
grayish-white lesions. Both infants also had a
red, dry, scaly diaper rash. The boy had been
diagnosed the day before as having candidia-
sis, and benzalkonium chloride (1:50,000) was
prescribed to be applied topically.

The mother had a prescription filled and had
been applying the medication to the mouth
of both children. But whenever the drug was
applied, immediately the children would sali-
vate profusely and cry. This was followed by
a period of anorexia, irritability, and fever. It
was at this point the twins were brought to
the hospital.

Direct laryngoscopy showed no lesions.
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TABLE 10.15. Laboratory findings

Measurement Male infant Femaie infant
WBC 22.700 mm’ 24,800 mm’
Serum uric acid 12 mghdL 9.2 mg/dL
Alkaline

phosphatase 350 IUL 240 UL
SGOT* 40 1U/L 20 UL

'SGOT, serum glutamate oxaloacetic transami-
nase.

Drooling and an intermittent cough were
noted. The boy also had evidence of pneumo-
nitis, which cleared within 4 days. Laboratory
results are shown in Table 10.15.

Information was later obtained from the
pharmacist who dispensed the benzalkonium
prescription that a 17% stock solution had
been diluted incorrectly to its prescribed con-
centration. Instead, it was diluted two parts to
one part water (resulting in an 11% solution)
and was dispensed.

The girl stayed 1 week, but the boy re-
mained in the hospital for 2 weeks. (See
ref. 67.)

Discussion

1. How is benzalkonium chloride classified,
and what is its toxicity rating?

2. What toxic effects are produced by this
type of product?

3. What is considered a safe or recommended
dose of benzalkonium chloride for topical
use?

4. How would the clinical manifestations of
acute ingestion of this compound differ
from the present case study?

5. On admission, the boy had a fever; the girl
did not. What was the probable cause?

Review Questions

1. Poisoning with a rust remover will most
likely involve which of the following sub-
stances?

A. Hydrochloric acid
B. Sulfuric acid
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C. Oxalic acid

D. Ascorbic acid

Electric dishwasher detergents are highly;

A. Acidic

B. Alkaline

Strongly acidic substances are all strongly

corrosive.

A. True

B. False

With which of the following blood elec-

trolytes does sodium fluoride react to

cause major deficiency problems?

A. Potassium

B. Manganese

C. Chloride

D. Calcium

Poisoning by muriatic acid indicates that

treatment is required for which of the fol-

lowing acids?

A. Hydrochloric

B. Sulfuric

C. Oxalic

D. Tartaric

In the United States, which is the more

common cause of poisoning?

A. Acids

B. Alkali

Laundry bleach contains a 3% to 6% con-

centration of:

A. Sodium hypochlorite

B. Carbon tetrachloride

C. Oxalic acid

D. Carbolic acid

Which of the following is a true state-

ment?

A. Soap causes emesis through stimula-
tion of the chemoreceptor trigger zone
(CTZ).

B. On the average, detergents are more
toxic than soap.

C. Enzymes in some soap and detergent
products are of toxic concern.

D. Shampoo ingestion should be treated
as a toxic emergency.

Erythema, repotted as a boiled lobster

rash is a symptom of toxicity with:

A. Phenol

B. Boric acid

C. Oxalic acid

D. Benzalkonium chloride

10. A major and early symptom of oxalic acid

intoxication is:

A. Hyponatremia

B. Hypernatremia

C. Hypokalemia

D. Hyperuricemia

E. None of the above

11. Which ofthe following is a manifestation
of iodine toxicity; corrosive action on
membrane protein (I), circulatory col-
lapse and shock (II), or stimulation of re-
spiratory secretions (I1I1)?

A. T only

B. 1II only

C. 11l only

D. I and II only
E. II and III only
F. I, Il and 1II

12. The most appropriate treatment for strong
acid spilled on the skin is to treat the le-
sion with;

A. Vinegar solutions

B. Mineral oil

C. Water

D. Sodium bicarbonate solution

13. A “button battery” that is lodged in the
esophagus for more than 24 hours should
be removed.

A. True
B. False

14. Outline the procedures to follow when
managing bleach ingestion.

15. Cite the advantages and disadvantages of di-
luting ingested corrosives with (a) water, (b)
milk, and (c) carbonated beverages.

16. A particular danger exists when an in-
gested acid or corrosive substance is neu-
tralized in vivo with another chemical
agent. Describe the potential problem.

17. Describe the toxic reaction expected from
ingesting Clinitest tablets.

18. Ingested acids and alkali cause tissue ne-
crosis that is characteristic for each type
of corrosive, based on its site and descrip-
tion of damage. Fill in the blanks;

Site of damage  Type of damage

Acid

Alkali
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. A patient presents at the ER with fine

material in the stomach that is described
as coffee grounds in consistency. What is
the most likely source of this material?
It is often stated that no creams or oint-
ments should be placed on skin that has
been severely damaged by an acid or al-
kali, if the victim is to be transported to
a emergency facility. Why is this so?
Outline the procedure for managing acid
or alkali bums to the eye.

Compare and contrast use of the terms
caustic and corrosive.

Corticosteroids and antibiotics are often
given after ingestion of corrosive sub-
stances. Why?

Discuss the specific action of sodium
thiosulfate in treating iodine ingestion.
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Plant ingestion is a common cause of poison-
ing exposures in children under age 5 in the
United States, and a significant cause of toxic-
ity in adults (Table 11.1) (22). Each year more
than 15,000 Americans are poisoned by plant
ingestion (16). The incidence of calls into Poi-
son Control Centers in the United States con-
cerning plant ingestions is estimated to be in
the range of 5% to 10% of all calls (21).
The incidence of plant-induced poisoning
is also reported to be increasing. As more and
more adults forage through the countryside in
search of nature 5foods, poisonous plants can
be mistaken for edible ones. Also, as the na-
tion’s awareness for self-care and self-medica-
tion grows, many are exploring the use of
herbs and natural products for disease preven-
tion or self-treatment of various maladies.
Studies have shown that many products of
plant origin are available in numerous retail
outlets and these are potentially toxic if mis-
used (1). Moreover, children often see the
bright berries of many plants and, perhaps be-
lieving they are fruits or confections, consume

TABLE 11.1. Substances most frequently
Involved In human exposure

Substance Number % ¢
Cleaning substances 191,830 10.4
Analgesics 183,013 10.0
Cosmetics 153,424 8.3
Plants 112,564 6.1
Cough and cold preparations 105.185 5.7
Bites/lenvenomations 76,941 4.2
Pesticides (including
rodenticides) 70,523 3.8
Topicals 69,096 3.8
Antimicrobials 64,805 3.5
Foreign bodies 64,472 3.5
Hydrocarbons 63,536 3.5
Sedatives/hypnotics/
antipsychotics 58,450 3.2
Chemicals 53,666 29
Alcohols 50,296 2.7
Food poisoning 46,482 25
Vitamins 40,883 2.2

From ref. 24.

Despite a high frequency of involvement, these sub-
stances are not necessarily the most toxic, but often
represent only ready availability.

* Percentages are based on the total number of hu-
man exposures rather than the total number of sub-
stances.
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them. Sometimes the green, leafy foliage of
some plants are used in salads, or with other
nontoxic food items growing in tlie family
garden. Both adults and adolescents may ex-
periment with plants that they believe have
hallucinogenic properties.

In some cases, an actual plant part may not
need to be ingested. Drinking water from a
vase containing plant stems may be sufficient
to cause serious toxicity. In other instances,
plants that are considered to be harmless have
been treated with toxic insecticides, herbi-
cides, or fertilizers may be consumed (22).

Although plant ingestions are common-
place, they rarely cause serious toxicity or
death. In most instances, a victim of plant in-
gestion experiences little more than localized
irritation, such as pain or edema in and around
the mouth. Some plants, however, can cause
serious toxicity and possibly death. Any inges-
tion of plant material of unknown identity

. should be treated as potentially toxic ingestion

until it can be classified otherwise.

Of the approximately 30,000 species of
plants growing in North America, both culti-
vated and wild, only a surprisingly few are
responsible for most poisonings (Table 11.2).
In one year, 12 species represented over 30%
of all toxic ingestions (13). Fewer than SO
species, of the approximately 700 to 1,000
toxic plants growing in the United States,
cause over 95% of all poisonings.

Defining exactly what constitutes a poison-
ous plant is not easy. Almost any plant can
cause nausea and vomiting or intestinal
cramping when enough ofit is ingested. Sepa-
rating scientific reality from folklore and
myth, when it concerns plant toxicity, is ex-
tremely difficult. However, a suitable defini-
tion is that poisonous species are those that
contain specific components that, when small
quantities are ingested, cause specific bio-
chemical alterations or physiologic symptoms.
According to this definition, jimsonweed and
foxglove are poisonous plants because small
quantities of their components can produce
significant toxic effects, even death.

Not all parts of some poisonous plants are
toxic, and the toxic principle(s) may be pres-
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TABLE 11.2. Frequency ofplant exposures

by plant type

Botanical name Common name Frequency
Philodendron spp. Philodendron 6.407
Dieffenbachia spp. Dumbcane 4.242
Capsicum annuum Pepper 3,687

spp.

Euphorbia Poinsettia 3,289
pulcherrima

llex spp. Holly 2,839

Phytolacca Pokeweed. 2,349
americana Inkberry

Crassula spp. Jade plant 2,244

Spathiphyllum spp. Peace lily 1,969

Brassaia & Umbrella tree 1,878

Schefflera spp.

Epipremnum Pothos, Devil's 1,735
aureum ivy

Toxicodendron Poison ivy 1,735
radicane

Saintpaulia spp. African violet 1,509

Taxus spp. Yew 1,452

Pyracantha spp. Fire thorn 1,265

Rhododendron Rhododendron, 1,192
spp. Azalea

CNorophytum Spider plant 1,034
comosum

Ficus benjamina Weeping fig tree 1,030

Chrysanthemum Chrysanthemum 990
spp.

Solanum Climbing 989
dulcamara nightshade

Quercus spp. Oak 932

From ref. 24.

ent in the plant only during certain seasons or
stages of growth. Slight variations in methods
used to prepare plants for intentional con-
sumption may make a tremendous difference
in whether or not the final preparation is safe
or toxic. The specific plant or plant parts in-
gested, therefore, must be identified before
one can formulate an opinion on its toxicity
and the best way to manage the ingestion.

MANAGEMENT OF THE PLANT-
POISONED PATIENT

Several important rules dictate what should
be done when a person is the victim of a poten-
tially toxic plant ingestion. Figure 11.1 is a
guide to the procedures most commonly used.

All plant ingestions must be considered po-
tentially toxic until shown otherwise. Identi-
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hcation of the plant is often the most difficult
task. The parent of a child who has ingested
a plant part may be completely unaware of its
identity, or where the child found it. The name
of a plant used by the parent may or may not
be an accurate description. Frequently nick-
names or family or trivial nomenclature for
plants are used and often the correct botanical
name is not known. Also, different names may
be applied to the same plant, depending on
the region of the country. In certain areas,
poison dogwood refers to a species of Comus,
whereas in other regions it refers to poison
sumac. The name elephant’s ears may refer
to Caladium, Colocasia, or Dieffenbachia spe-
cies, to mandrake, or to several other plants.

The first task is to try to identify the plant.
Table 11.3 provides some helpful information
used to describe plants. Time is usually to the
victim’s advantage. Since the toxic principles
of most plants must first be leached out of the
plant leaf, stem, etc., there is usually sufficient
time to properly identify the plant.

The first point of contact should be the local
or regional Poison Control Center. Poison
Control Centers are equipped with a variety
of information retrieval systems and they rep-
resent countless hours of experience in the
management of plant ingestions. If the Poison
Control Center cannot positively identify the
plant, it may suggest other centers in the coun-
try that specialize in phytotoxicology. Alter-
natively, nurserymen are usually very knowl-
edgeable in botanical plant names and
common names when a specific plant is de-
scribed to them. Wild plants are best identified
by a botanist, or local agricultural extension
agency. For mushrooms, a mycologist may
need to be contacted for proper identification
of some species.

For most plant ingestions, management
consists of demulcent therapy. Many plants
contain constituents that are extremely irritat-
ing to the oral mucous membranes, but not
damaging to other tissues. Ice cream, milk, or
a frozen confection will soothe most irritations
of the GI tract associated with plant inges-
tions. The victim should be observed closely
over the next 12 to 24 hr to assure that no
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FIG. 11.1. Flow chart illustrating the steps involved in assessment and management of a victim

of poisoning by a plant.

additional symptoms appear as a result of de-
layed absorption or delayed toxic effects.

If the plant in question has been identi-
fied as toxic or has toxic potential or
enough ofa plant has been ingested to cause
concern, gastric decontamination should be
considered. Ipecac-induced emesis is the
preferred method. All regurgitated material
should be carefully examined for assess-
ment as to the nature of the plant parts that
were ingested.

Many plants have a powerful emetic action
oftheir own that may cause profuse, spontane-

ous vomiting. If this occurs, the vomitus
should be examined. Demulcents may be
given at this time if needed. If the plant is
poisonous, or, if after vomiting the victim dis-
plays symptoms that suggest toxicity, medical
assistance will be necessary.

Gastric lavage is limited in value for decon-
taminating the stomach after a plant ingestion.
Most undigested plant parts will not fit
through the opening of even the largest oro-
gastiic tube. However, after ipecac-induced
emesis, gastric lavage may be performed to
wash out any remaining poison and may be
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TABLE 11.3. Aids to help identify
a potentially poisonous plant

Specific site where plant was growing, including
whether in sunny or shady area, moist or dry soil.
Is this a house plant, cultivated variety, or
wild-growing weed?

Shape and texture o( leaves including description of
edges, arrangement on stalk, and vein structure.

Color, size, texture, and shape of seeds, fruits,
berries or flowers, including their arrangement and
grouping.

Plant's dimensions, both above and below the soil.

Nature of plant (e.g., free-standing plant, bush, or
tree, vine, ground cover)

Common and botanical names

useful as long as ingestion occurred within the
past 5 to 6 hr.

Activated charcoal is generally not an ac-
ceptable alternative to syrup of ipecac in gas-
trointestinal decontamination of a poisonous
plant. Adsorption of the toxic principles onto
activated charcoal is dependent on these com-
ponents existing as a fine powder or in solu-
tion. A leaf, berry, or other coarse plant part
that contains toxic principles probably will not
release them until it is sufficiently digested. It
is better to remove the entire plant part, if at
all possible. Activated charcoal may be given
after ipecac-induced emesis or gastric lavage
to adsorb residual poison.

Saline cathartics may be given to hasten
removal of ingested plants and after adminis-
tration of a slurry of activated charcoal.

COMMON POISONOUS PLANTS

As pointed out above, there are many poi-
sonous plants. However, most poisonings oc-
cur from a relatively small number of species
of both cultivated and wild plant varieties.

Arum-Family Plants

Of all the houseplants, those of the Arum
family (Fig. 11.2a-d) are responsible for most
frequently encountered plant ingestions or ex-
posures. These plants include caladium or

fancy-leaf {Caladium bicolor), dumbcane
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ELEPHANT SEAR

(d

FIG. 11.2. Common household plants of the
Arum family that cause poisoning.

{Diejfenbachia picta) and D. sequine, ele-
phant’s ear {Colocasia antiquorum), and
philodendron (Philodendron spp.). Table 11.4
lists others.

These plants all possess large leaves that
contain tiny needle-sharp crystals of calcium
oxalate, arranged parallel in compact bundles
called raphides or in starlike clusters called

TABLE 11.4. Plants of the Arum family

Common name Botanical name

Alocasia Alocasia spp.
Caladium Caladium spp.
Dumbcane Dieffenbachia spp.

Colocasia spp.
Arisaema triphyllum
Philodendron spp.
Symplocarpus foetidus
Monstera spp.

Elephant ears
Jack-in-the-pulpit
Philodendron
Skunk cabbage
Swiss-cheese plant

Toxic components; calcium oxalate, bradykinin-like
substances, enzymes.
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druses. Biting into a leaf results in pain as
these crystals pierce the sensitive membranes
ofthe mouth and lips. A second bite is usually
avoided, and significant systemic toxicity is
rare.

Crystalline raphides, containing calcium
oxalate, exist in specialized cells called
idoblasts, and were once thought to be the
cause of irritation resulting from biting into a
piece of dieffenbachia (11). Early investiga-
tions implicated a substance that caused
smooth muscle contraction and was inhibited
by antihistamines (IS). In other studies, edema
and irritation seemed to result from a brady-
kinin-like substance or an enzymatic reac-
tion (3,20).

Ingestion of plants from the Arum family
results in localized edema, pain, and irritation.
Occasionally, the tongue swells to the point
that swallowing and speaking become difficult
(hence, the origin of the term dumbcane). 1If
swelling of the tongue, pharynx, or larynx be-
comes severe enough as to hamper breathing
or induce choking, emergency medical treat-
ment is necessary to maintain a patent airway.
In one instance, a victim’s tongue swelled so
much that it protruded through his mouth for
three days (31). Dermal exposure may result
in localized dermatitis, particularly when the
skin comes in contact with the sap from within
the plants.

Management of ingestions of Arum family
plants is supportive and symptomatic. E>emul-
cents and cold packs may be helpful.

Christmas Plants

Another group of houseplants reported to
entice children includes a variety of plants
commonly seen around the holidays such as
poinsettia, holly, mistletoe, and Jerusalem
cherry (Fig. 11.3a-d and Table 11.5).

Jerusalem cherry {Solarium pseudocapsi-
cum) has bright orange cherry-like ornamental
berries that contain the extremely toxic sub-
stance solanine. Solanine is a glycoalkaloid
found also in the nightshade plants which pro-
duces intense gastrointestinal symptoms. The
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JERUSALEM CHERRY
© (d)

FIG. 11.3. Common “Christmas” plants; b -d
cause poisoning.

glycoalkaloid is hydrolyzed by gastric acid to
alkamine, which has toxic action upon the car-
diovascular and nervous system to cause cir-
culatory collapse and respiratory distress, as
well as fever, drowsiness, restlessness, and
headache (10).

All ingestions of Jerusalem cherry or any
other Solanaceae plant must be treated aggres-
sively. Spontaneous vomiting will most likely
occur. If it does not, however, gut decontami-
nation, using syrup of ipecac, lavage, activated
charcoal, and cathartics should be considered.
In addition, good supportive and symptomatic
care is required.

For years there has been a misconception
that the poinsettia plant {Euphorbia pulcher-
rima) is toxic. There have been numerous pub-
lished reports warning about its toxic poten-
tial. A report of a 2-year-old child who died
after ingestion of poinsettia (33) is often
quoted, even though its conclusion is not true.
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TABLE 11.5. Ornamental Christmas plants

Common name Botanical name

Holly llex spp.

Jerusalem cherry Solanum pseudocapsicum
Mistletoe Phoradendron flavescens
Poinsettia Euphorbia pulcherrima

Poinsettia is nontoxic. The milky sap may
cause mild irritation to mucous membranes,
resulting in oral discomfort from a bite (41).

Management, if necessary, would consist of
a demulcent to reduce mouth pain. If any of
the sap touches the skin, it should be washed
off with soap and water.

White mistletoe berries (Phoradendron
flavescens) or the bright red berries of Christ-
mas holly (Ilex opaca) are potentially toxic.
Rarely does systemic toxicity occur, since
both berries cause severe gastrointestinal irri-
tation resulting in nausea and vomiting. Also,
the berries of mistletoe sold for decoration at
Christmas will usually have been replaced
with plastic spheres.

The toxicity of mistletoe is related to the
presence of alkaloids, lectins, and cardiotox-
ins. The primary manifestations are gastroin-
testinal, causing abdominal pain, nausea,
vomiting, and diarrhea. A recent assessment
of toxicity to mistletoe reveals that ingestion
of one to three berries or one or two leaves is
unlikely to produce serious toxicity. If more
than these amounts have been ingested, induc-
tion of emesis with ipecac is recommended,
followed by a slurry of activated charcoal and
a saline cathartic (17).

Holly contains saponins and triterpenes,
which are responsible for intense gastrointesti-
nal symptoms, including bloody vomitus.

Cardiotoxic Plants

Numerous plants cultivated in gardens and
displayed as houseplants contain toxic sub-

Toxic
substance(s) Signs and symptoms

llicin Gastrointestinal irritation
Saponins
Solanine Nausea, vomiting, abdominal pain,
Solanidine diarrhea, altered mental status,
Solanocapsine headache, hallucinations
Viscotoxin Nausea, vomiting, abdominal prain,
Phoratoxin diarrhea, cardiac abnormalities
Viscumin (potential)
Latex sap Nontoxic

stances that produce digitalis-like actions on
the heart (Table 11.6). These plants include
foxglove {Digitalis purpurea), oleander {Ne-
rium oleander), lily-of-the-valley {Convalla-
ria majalis) and star-of-Bethlehem {Omitho-
galum umbellatum) (Fig. 11.4a-d).

Ingestion of foxglove or oleander resembles
digoxin poisoning, with gastrointestinal and
cardiac symptoms predominating. Intoxica-
tion requires serial monitoring of the electro-
cardiogram and serum potassium, since hyper-
kalamia may be present. Ingestion of even
small quantities of these plants must be treated
aggressively. Gastric decontamination with
syrup of ipecac followed by serial doses of
activated charcoal and supportive care is
recommended.

Lilly-of-the-valley ingestions are less seri-
ous because only small amounts of convalla-
toxins are present. Large ingestions need to
be treated, as above.

The ornamental hedge, yew (Taxus cana-
densis) contains the potent cardiotoxic toxins,
taxine A and taxine B. Yew is a favorite orna-
mental evergreen shrub that grows in most
areas of the Midwest and northeast and is of
great toxicologic concern. The tiny red berries
that adorn the stems are especially attractive
and enticing to children. All portions of the
yew plant, except the bright red fleshy part
that caps the seeds, contain taxine alkaloids.
A single chewed berry (containing the seed
that harbors concentrated toxin) is potentially
lethal to a child, but often larger quantities
need to be ingested to produce toxicity.

Ingestion of these plants may produce se-
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TABLE 11.6. Plants containing cardiac glycosides

Common name Botanical name Cardiotoxin Signs and symptoms

Foxglove Digitalis purpurea Digoxin Irritation of mouth and stomach, vomiting,
Digitoxin abdominal pain, diarrhea, cardiac
Gitoxin disturbances (ventricular ectopy,
Others conduction block, cardiogenic shock,

hyperkalemia)

Oleander Nerium oieander Oleandroside See Foxglove
Oleandrin
Nerioside

Yellow oleander, Thevetia peruviana Thevetin A & B See Foxglove

tiger apple Thevetoxin

Peruvoside
Ruvoside
Neriifolin

Uly-of-the-valley Convailaria majalis

Rhododendron, Rhododendron spp.

azalea, laurel

vere gastrointestinal irritation, but the major
concern is progressive decreased atrioventric-
ular (AV) nodal conduction, which may lead
to severe bradycardia. Treatment is aimed at
gastric evacuation, correction of electrolyte
imbalance, and maintaining cardiac function.

Rhododendron, azaleas, and laurel contain
several toxins. Grayanotoxins (formerly an-
dromedotoxin) are of special concern since
they structurally resemble cardiac glycosides
and Veratrum alkaloids. However, intoxica-
tion is more likely to be associated with brady-
cardia and hypotension than with ariliythmias.
Human poisonings are more likely to occur
from honey made from the nectar of grayano-
toxin-containing plants than from ingestion of
plant parts. Gastrointestinal decontamination
is required for large ingestons of plant parts.

Castor Bean

Seeds of the castor plant (Ricinus commu-
nis) are among the most toxic of all the culti-
vated plants that grow in the United States
The plant (Fig. 11.Sa) is grown for its oil and
as an ornamental shrub. Castor beans (seeds)
are quite attractive to children, and ingestion
of a single chewed seed may be fatal. Un-
chewed seeds often pass through the GI tract
without causing clinical problems (32).

Convallatoxins

Grayanotoxins
(andromedotoxin)

See Foxglove; but less likely to cause
serious toxicity

Nausea, vomiting, bradycardia,
hypotension, hyperkalemia

Castor beans contain the deadly phytotoxin
ricin. Ricin consists of two polypeptide
chains, one of which binds to intestinal cells
and the other is an inhibitor of protein synthe-
sis. Ordinarily inactivated by heat during pro-
duction of castor oil, ricin may cause gastroin-
testinal hemorrhage. The primary target
organs for inhibition of protein synthesis in-
clude the kidney, liver, and pancreas.

Symptoms of poisoning include intense
gastrointestinal irritation, with burning in the
mouth and throat. Muscle weakness, general
malaise, reduced reflexes, convulsions, and
dyspnea are also reported. Blood pressure re-
mains normal until 2 to 3 hr before death, at
which time it falls (5). The cause of death is
usually cardiovascular collapse and decreased
respiratory functions. Onset of all symptoms,
other than localized irritation, may be delayed
for 12 to 18 hr or more. Consequently, close
observation of the victim throughout this pe-
riod is required.

Ingestion of castor beans, even if not
chewed, or of any part of the castor plant, must
be treated as a potential emergency. Again,
spontaneous vomiting may remove most of
the plant parts from the GI tract. Activated
charcoal and cathartics should follow emesis,
and the victim must be observed for at least
24 hr. Symptoms appearing during this period
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LILV-OF-THE-VALLEV

(b)

OLEANDER STAR'OF BETHLEHEM

© (b)

FIG. 11.4. Common outdoor ornamental plants
that cause poisoning.

should be treated appropriately (e.g., convul-
sions with diazepam). Urinary alkalinization
with sodium bicarbonate may aid in elimina-
tion of absorbed ricin.

Rhubarb

The leaf, but not the stem, of the rhubarb
plant (Rheum rhaponticum) (Fig. 11.5b) con-
tains oxalic acid. The leaf is occasionally used
to embellish salads, or cooked as a side dish.
Heating does not destroy the toxic principle.
Once absorbed, it combines with calcium from
the blood to form the insoluble substance cal-
cium oxalate, which may crystallize in the re-
nal tubules. If severe, this precipitate may
block the tubules to cause acute renal failure.
A single bite of rhubarb leaf is usually not
sufficient to cause systemic toxicity, but multi-
ple bites may be.
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Symptoms of oxalic acid poisoning include
nausea and vomiting, weakness, and muscle
cramps.

Ingestions should be treated with emesis,
followed with milk (a source of calcium) or
calcium hydroxide solution (lime water). Cal-
cium combines with oxalic acid in the GI tract
to form insoluble calcium oxalate. Calcium
salts may be administered intravenously to re-
place calcium that might be lost from the
blood. Intravenous fluids are given to help pre-
vent accumulation of the precipitate in the re-
nal tubules.

Nightshade

Three nightshade species, bittersweet or
woody nightshade (Solatium dulcamara),
black or common nightshade (Solarium ni-
grum), and the deadly nightshade (4tropa bel-

NIGHTSHADE

FIG. 11.5. Common outdoor plants that cause
poisoning.
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TABLE 11.7. Nightshade species

Ck>mmon name Botanical name

European bittersweet, Solanum dulcamara
woody nightshade,
climbing nightshade

Black nightshade,
common nightshade

Deadly nightshade,

belladonna

Solanum nigrum

Atropa belladonna

Toxic substances

Solanine
Chaconines

Solanine
Chaconines
Tropane alkaloids
Atropine

Signs and symptoms

Nausea, vomiting, diarrhea, abdominal
pain, drowsiness, tremor, difficulty in
breathing

See above

Anticholinergic

Hyoscamine

jadonna) all belong to the Solanaceae family
(Fig. 11.Sc). The woody nightshade is re-
ported to be one of the most commonly in-
gested plants in the United States (24). It is
not considered lethal in quantities normally
ingested, and usually produces little more than
gastrointestinal irritation. Ingestion of several
berries may be serious. Berries of the black
nightshade are as noxious as those of the
woody nightshade (Table 11.7).

Deadly nightshade {Atropa belladonna) is
the plant to seriously avoid. Atropine, at a
concentration of 0.25% to 0.5%, is found in
this species, and can be lethal if ingested in
sufficient quantity (38).

Symptoms of poisoning and their manage-
ment are the same as for jimsonweed, dis-
cussed below. Fortunately, intoxication with
deadly nightshade is rare in the United States,
because the plant does not grow well here.

Jimsonweed

Jimsonweed {Datura stramonium), also
known as thorn apple, locoweed, and angel’s
trumpet, is commonly encountered throughout
most of the United States (Fig. 11.5d). It is
often seen growing wild among rows of crops
(Fig. 11.6). Unilateral mydriasis has been re-
ported in farmers working with harvesting
equipment, indicating poisoning. Children
have been fatally poisoned by eating the
flowers, and teenagers by ingesting a concoc-
tion made from infusing seeds in water (27).

The fruit pods that appear in the fall each
contain 50 to 100 brown-black seeds. It is
these seeds that are most toxic, with 10 seeds

containing approximately 1 mg atropine.
Other alkaloids include hyoscyamine and hyo-
scine, present throughout the plant in varying
proportions. As little as 4 to 5 g of the leaves
or seeds can be fatal (39).

Intentional ingestions of jimsonweed con-
coctions have increased in frequency over re-
cent years (25,36). During a six-year period,
73 jimsonweed exposures were reported to
one regional Poison Control Center (19). This
incidence will undoubtedly increase even
more in future years, as licit drugs become

FIG. 11.6. Jimsonweed growing in a wheat
field. Plant size may exceed 3 feet tall.
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TABLE 11.8. Symptoms and signs of
jimsonweed ingestiorf

Signs and No. of % of Not

symptoms patients patients recorded
Hallucination 26 100 3
Disorientation 27 100 2
Mydriasis 29 100 —
Dry mucous

membranes 16117 94 12
Flushed face 1113 85 16
Combative state 20 74 2
Tachycardia 21 72 —
Blood pressure

alterations 15 52 —
Temperature

>38.2"C 3 10 —

From ref. 36.

'Total number of patients = 29.

more commonly abused, and illicit drug items
become more difficult to obtain.

Symptoms of jimsonweed poisoning in-
clude typical manifestations of anticholinergic
poisoning, including blurred vision, CNS
stimulation, euphoria, delirium, terrifying hal-
lucinations, tachycardia, hyperthermia, and
coma. A study involving 29 patients who in-
gested jimsonweed revealed the composite
symptoms noted in Table 11.8 (36). Especially
vivid were the hallucinations. Most were vi-
sual, e.g., insects on the wall, persons being
chased by sharks, etc. Disorientation to time,
place, or person was also prevalent.

Jimsonweed intoxication must be treated
quickly. After gastric decontamination, phy-
sostigmine salicylate is given intravenously.
Physostigmine is a reversible cholinesterase
inhibitor that promotes accumulation of en-
dogenous acetylcholine. This neurotransmitter
competes with the poison for muscarinic re-
ceptor sites, and reverses the toxic symptoms.
Although other cholinesterase inhibitors (e.g.,
neostigmine) may benefit the victim by in-
creasing acetylcholine concentration at pe-
ripheral sites, they are quaternary amines and,
consequently, do not enter the CNS in suffi-
cient concentration. Thus, they are not effec-
tive in reversing the CNS component. Physo-
stigmine, a tertiary amine, does penetrate into
the CNS.

Hospitalization of the poisoned patient is
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indicated since a deranged mental state and
sensorium may persist for several days. Even
days after apparent recovery, victims of jim-
sonweed poisoning have been known to wan-
der aimlessly into barren areas and die of ex-
posure, or into a lake or pond and drown.

Pokeweed

Boiled shoots of the pokeweed {Phytolacca
americana) (Fig. 11.7) are considered delica-
cies and are processed and canned for use in
the home. However, pokeweed can be ex-
tremely dangerous if it is improperly prepared.
Its clumps of shiny purple berries {inkberries)
are attractive to children who may associate
them with grapes or other fruits. The berries,
although poisonous in large numbers, do not
usually cause severe toxicity in the amounts
normally ingested unless they are macerated
into grapejuice and this liquid is consumed.
Pokeweed roots are the most toxic part of the
plant, and are occasionally mistaken for horse-
radish or parsnips, or used to brew herbal teas.
They contain toxic substances that have not
yet been identified.

Pokeweed induces a variety of symptoms
that include burning in the mouth, nausea and
vomiting, visual disturbances, weak pulse, and
respiratory difficulties.

Poisoning is best treated by removing all

POKEWEED or INKBERRY

FIG. 11.7. Pokeweed.
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traces of the plant from the stomach, then ad-
ministering sequential doses of activated char-
coal and a saline cathartic. Specific symptoms
are treated as necessary.

Cyanogenic Plants

Several plants contain cyanogenic glyco-
sides, such as amygdalin, prulaurasin, and
prunasin, in their leaves, stems, bark, and seed
pits, but not in their pulpy, edible fruits. Com-
mon examples of such plants are listed in Ta-
ble 11.9. When ingested, the glycosides are
hydrolyzed in alkaline medium to hydrocyanic
acid. Cyanide-containing plants may induce
all of the symptoms discussed for cyanide in
chapter 6 and treatment is identical to that
for cyanide poisoning. Mild ingestions may
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TABLE 11.9. common cyanogenic plants

Apple (Pynts sylvestris)

Apricot {Pnmus anneniaca)

Cherry (Pnmus cerasus)

Peach (Prunus pérsica)

Wild black cherry (Prunus serétina)
Cherry laurel (Prunus caroliniana)
Choke cherry (Prunus virginiana)

require only gastric decontamination and sup-
port care.

Herbal Intoxication

Herbal remedies were once the mainstay of
treating most illnesses of Colonial Americans.
With the development or importation and
eventual refining of commercial medicinal

TABLE 11.10. Psychoactive substances used In herbalpreparations

Labeled ingredient

African yohbnbe bark;
yohimbe
Broom; Scotch broom

California poppy

Catnip
Cinrtamon

Damiana
Hops
Hydrangea

Juniper
Kavakava
Kola nut; gotu kola

Lobelia
Mandrake
Mate

Mormon tea
Nutmeg
Passion flower
Periwinkle
Prickly poppy

Snakeroot
Thom apple
Tobacco
Valerian
Wild lettuce
Wonnwood

From ref. 37.

Botanical source

Corynanthe yohimbe
Cytlsus spp.

Eschscholtzia
califomica

Nepeta cataria

Cinnamomum
camphors

Turners diffusa

Humulus lupulus

Hydrangea paniculata

Juniper macropoda
Piper methysticum
Cola spp.

Lobelia infiala
Mandragora officinarum
llex paraguayensis
Ephedra nevadensis
Myristica fragrane
Passifiora incarnata
Catharanthus roseus
Argemone mexicana

Rauwolfia serpentina
Datura stramonium
Nicotians spp.
Valeriana officinalis
Lactua sativa
Artemisia absinthium

Pharmacologic principle

Yohimbe
Cytisine
Alkaloids and glucosides

Nepetalactone
?

?
Lupuline
Hydrangin. saponin,
cyanogénes
?
Yangonin, pyrones
Caffeine, theobromine,
kalonin
Lobeline
Scopolamine, hyoscyamine
Caffeine
Ephedrine
Myristicin
Harmirte alkaloids
Indole alkaloids
Protopine, bergerine,
isoquinilines
Reserpine
Atropine, scopolamine
Nicotine
Chatinine, velerine alkaloids
Lactucarine
Absinthine

Reported effects

Mild hallucinogen

Strong sedative-
hypnotic
Mild euphoriant

Mild hallucinogen
Mild stimulant

Mild stimulant
None
Stimulant

Strong hallucinogen
Mild hallucinogen
Stimulant

Mild euphoriant
Hallucinogen
Stimulant
Stimulant
Hallucinogen

Mild stimulant
Hallucinogen
Narcotic-analgesic

Tranquilizer

Strong hallucinogen
Strong stimulant
Tranquilizer

Miid narcotic-analgesic
Narcotic-analgesic
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remedies, the use of herbs in health care began
to decline. This apparent decrease in the use of
home remedies persisted until fairly recently
when the emphasis on health care once again
began to change. Many Americans now have
renewed interest in herbal remedies. Although
many herbal remedies are safe and may even
be pharmacologically worthwhile, many oth-
ers can be lethal if misused (4,7,8,29).

The range of potential toxic action is wide-
spread. One specific toxic concern involves
the psychoactive effects that occur with a large
number of herbs. Many of these herbs are
rolled into cigarettes, boiled into tea, or taken
in capsule form. Table 11.10 lists a variety
of psychoactive substances, along with their
reported effects. Unfortunately, many of the
users may be unprepared for these effects.
They may not even suspect that these effects
can occur, since herbs are often viewed as
food rather than as drugs.

Mushrooms

Poisonous mushrooms account for 50 to
100 of the nearly 5,000 species that grow in
the United States (18). Poisoning by mush-
rooms is unpredictable, since different species
may produce variable symptoms and require
various treatment. Some are poisonous only
if eaten raw, and others only if ingested during
certain stages of growth. Even differences in
soil composition may significantly influence
the potential to cause toxicity. The problem is
compounded further because poisonous mush-
rooms may grow next to nonpoisonous varie-
ties. The rule of thumb is that no wild mush-
room should ever be consumed unless
accurate identification is possible.

Almost all cases of mushroom poisoning in
this country are caused by members of the
Amanita genus, especially 4. muscaria and A.
phalloides (Death Cap) (Fig. 11.8a,b). As little
as one-third of a cap of 4. phalloides may be
fatal to a child, and one-half of a cap fatal to
an acult. Most fatal poisonings are from A.
phalloides, and it is responsible for over 95%
of all deaths from mushroom poisoning (2).
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Amanita mushrooms contain a mixture of
thermostable cyclopeptides, including phalloi-
din, phalloin, and amanitin congeners (40).
Muscarine is the toxin in Clitocybe and Ino-
cybe, and provokes symptoms of toxicity
within a few minutes to hours. Onset of symp-
toms from phalloidin, phalloin, or amanitin is
characteristically delayed up to 24 hr. Fatal
cases of Amanita poisoning reported in one
study revealed a latent period average of 10.3
hr, whereas survivors had an average latent
period of 12.6 hr (14). It is generally accepted
that the amatoxins (primarily alpha-amanitin)
(Fig. 11.9), more than the phallotoxins, are
responsible for the lethality of 4. phalloides
mushrooms (14). They initiate cellular de-
struction by inhibiting nuclear RNA polymer-
ase II, which blocks protein synthesis, leading
to cell death. Primary action is seen on the
gastrointestinal mucosa, hepatocytes, and re-
nal tubular cells (18). Hepatic cells are espe-
cially susceptible to damage because of their
rapid uptake of the toxin (30).

Characteristics of Mushroom Poisoning

Symptoms of poisoning vary widely among
various species of mushrooms (Table 11.11).
Delayed onset of symptoms usually means
that ingestion of 4. phalloides is likely. Most
nonlethal mushrooms produce symptoms
early after ingestion. Because the patient may
remain asymptomatic for up to 24 hr after
ingestion, the victim or physician may not sus-
pect that symptoms are due to mushroom
poisoning.

The characteristics of cyclopeptides in A.
phalloides can be described in three stages. In
the early stage, 6 to 24 hr, there is generally
an abrupt onset of severe abdominal pain asso-
ciated with profuse, cholera-like diarrhea and
emesis. The next 24 to 48 hr is usually marked
by a period of apparent recovery. During this
time, cellular destruction of the kidney and
liver is ongoing. The third phase occurs about
3 to3 days postingestion, and is characterized
by hepatocellular damage and renal insuffi-
ciency. Circulatory failure manifests later.
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AMANITA phalloides
AMANITA MUSCARIA (DESTROYING ANGEL.
DEATH CUP)

(a) (b)

FIG. 11.8. Toxic mushroom species.
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with the victim showing signs of becoming
jaundiced and lapsing into a hepatic coma
within a week. Death occurs in 4 to 7 days of
mushroom consumption (18).

Management of Mushroom Poisoning

Management of poisonous mushroom in-
gestions should consist of good supportive
care, including fluid replacement and correc-
tion of metabolic disturbances. The death rate
from poisoning by A phallol'des is reported
to be 50% to 90% of untreated victims (18,30).
With good management, however, this rate
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TABLE 11.11. Comparative features of mushroom toxicity
Clinical
Group Toxin Mushroom Target organs Onset manifestations Treatment
1 Cyclopeptides Amanita Gastrointestinal Delayed Nausea, vomiting, Supportive care
—*Amanitin A phalloides tract, blood, diarrhea, (thioctic acid,
— Phalloidin A galerina liver, kidney abdominai pain. penicillin)
Jaundice, renai
failure, coma,
death
] Oyromitrin Gyromitra Gastrointestinal Delayed Nausea, vomiting, Pyridoxins
— monomethylhydrazine tract, blood, bloody diarrhea,
Kver, kidney renai & iiver
failure,
convulsions,
coma, death
1 Muscarine CUtocybe Autonomic Rapid Cholinergic crisis: Atropine
Inocybe nervous SLUD. blurred
system vision,
hypotension,
constricted pupils
v Coprine Copnnus Autonomic Rapid Antabuse-like Supportive care
nervous reaction with
system ethanol: severe
headache, facial
flushing,
orthostatic
hypotension,
tachycardia,
diaphoresis,
arrhythmias
A" Ibotenic acid Amanita Centrai Rapid Dizziness, ataxia, Supportive care;
— Muscimol A. muscaria nervous euphoria, muscle physostigmine,
system twitches, only if severe
mydriasis, anticholinergic
convulsions, signs &
coma symptoms are
present
Vi Psilocybin Psilocybe Central Rapid Hallucinations, Supportive care
Psilocin Panaeolus nervous blurred vision,
system mydriasis,
convulsions,
coma

may be reduced to approximately 20% to 25%
(14) or less (28).

For A. muscaria, if ingestion is suspected,
administer ipecac and observe for signs and
symptoms for at least three hours. Early mani-
festations are primarily CNS depression. Sup-
portive care is usually sufficient (6). For 4.
phalloides, if the time since ingestion is less
than 4 hr, ipecac-induced emesis may be bene-
ficial. Since signs and symptoms are delayed,
it is unlikely to detect poisoning before 4 hr.
Activated charcoal and cathartics have been
recommended.

A variety of potential antidotes have been
suggested to treat 4. phalloides poisonings.
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None has demonstrated a significant out-
come (14).

Thioctic acid (alpha-lipoic acid) is a Krebs
cycle coenzyme used experimentally for treat-
ment of poisoning by Amanita or the rare
Galerina species. Thioctic acid exerts a direct
protective effect against hepatocellular damage
by a yet unknown mechanism. It must be given
early after ingestion of the toxic mushroom.

Penicillin G and corticosteroids have also
been used. Given intravenously, they may limit
hepatotoxicity by competing with amanitin for
binding on serum proteins, thereby leaving
more toxin free for renal excretion (18). Cimet-
idine has been used to protect mice against
Amanita poisoning in limited experiments. The
toxin caused severe mitochondrial damage, al-
though animals that received cimetidine were
protected (35). The clinical usefulness of these

antidotes is yet to be determined.

TABLE 11.12.

Common name

African violet

Aluminum pHant
Baby'’s tears
Begonia

Boston fern
Bridal veil
Christmas cactus
Coleus
Fiddleleaf fig
Gardenia
Grape ivy
Hawaiian ti
Hen and chicks

Jade plant
Mother-In-law tongue
Rubber plant
Sensitive plant
Snake plant
Spider plant
String of hearts
Swedish Ivy
Umbrella pMant
(schefflera)
Wandering Jew

Wax plant
Weeping fig
Zebra plant

Nontoxic houseplants

Botanical name

SaintpauUa ionantha or
Episcia reptans
Pilea cadierei
Heixine soleirolli
Begonia sempetHorens
Nephrolepis exaitata
Tradescantia
Schlumberga bndgesii
Coleus blumei
Ficus lyrata
Gardenia radicane
Cissus rhombifolla
Cordyline terminalis
Echeveria spp.;
Sempetvivum tectorus
Crassula argentea
Sansevieria Irifasciata
Ficus elastica
Mimosa pudica
Sansevieria Infasciata
Chlorophytum comosum
Creopegla woodii
Plectranihus australis
Brassais actinophylle

Tradescantia albiflora;
Zebrina penduta

Hoya carnosa or H. exotica

Ficus benjamins

Apheiandra squarrosa

It should be noted that several different species
have identical common names. Some may cause diar-

rhea In Infants.
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SUMMARY

Poisoning may occur from a variety of plant
ingestions. As we learned early in the chapter,
most ingestions cause little more harm than
irritating the mouth or stimulating nausea or
vomiting. However, there are some very toxic
plants, and their ingestion must be handled as
any other toxic emergency. A list of nontoxic
plants (Table 11.12) is given below.

To date, few medical problems have been
reported from ingesting herbal remedies. The
medicinal teas and other crude dosage forms
of commerce are, for the most part, neither
uniformly prepared nor assayed for purity.
They consist of crudely prepared mixtures
containing plant fibers, crystalline oxalates,
and often pollen, mold spores, insect parts,
and other allergy-causing substances. The po-
tential for a toxic or allergic response to these
preparations is always present.

Case Studies

CASE STUDY: DIEFFENBACHIA
INGESTION

History

When brought to the emergency room, the
40-year-old woman was experiencing dyspha-
gia, excessive salivation, and pain of the
mouth and tongue. Six hours previously she
had bitten into the stalk of a Dieffenbachia
houseplant. She probably did not ingest any
of the plant material because she reported that
it caused her a great deal of oral pain and she
quickly spat out the pulp and juices.

Physical examination revealed severe edema
of the left side of the face, tongue, buccal
mucosa, and palate. Salivation was profuse
and she had extreme difficulty in speaking.
All laboratory fIndings were within the normal
limits. She was admitted for observation.

Treatment consisted of meperidine hydro-
chloride for pain, followed by oral administra-
tion of 30 mL of aluminum-magnesium hy-
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droxide every 2 hr. During the observation
period, there was no evidence of respiratory
distress, muscular hyperactivity, or gastroin-
testinal disturbance. The following day she
could swallow soft foods and liquids, but the
extent of inflammation was unchanged from
the time of admission.

She was discharged after 19 hr even though
oral inflammation and edema remained un-
changed. Pain continued in her face, and ne-
crosis of the surface of the tongue and buccal
mucosa was evident.

Eleven days later, the lesions were still ob-
servable, but the facial edema was reduced.
Dietary intake by this period was almost back
to normal. (See ref. 12.)

Discussion

1. This patient had no systemic complica-
tions. What are some of the reasons why
systemic toxicity is not generally associ-
ated with ingestion of Dieffenbachial

2. Why was aluminum-magnesium hydroxide
suspension given?

3. What treatment is usually given to initially
reduce oral swelling in the oral cavity?

4. Are antidotes available for plant ingestions in-
volving the Anim femily? If so, what are they?

CASE STUDY: JIMSONWEED
POISONING
History

A 15-year-old boy was found nude with a
flushed face, incoherent behavior, and symp-

TABLE 11.13.

Blood pressure

Time (mm Hg)
On admission 170/100
1 hr after admission 140/50
15 min after physostigmine 160/68
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toms of hallucinations. On admission to the
emergency department, he was comatose, re-
sponding only to deep painful stimuli. Pupils
were dilated and equal, but responded mini-
mally to light. His skin was hot and dry.
Doll’s eye movements were intact. Hyperac-
tive deep tendon reflexes were noted, and
positive Babinski responses were obtained.
He occasionally displayed episodes of my-
oclonic jerks.

Vital signs are listed in Table 11.13. Within
1 hr after admission, vital signs began to di-
minish. Because poisoning by an anticho-
linergic substance was suspected, 2 mg
physostigmine salicylate were administered
intravenously. Within 15 min he began to re-
spond. He became more alert and responsive
to verbal commands. He then admitted to in-
gesting (0CO seeds.

The patient was completely stabilized in 6
hr, although he continued to experience hal-
lucinations. His neurologic status improved,
and he was released by the 8th hospital day,
without apparent neurologic damage. (See
ref. 26.)

Discussion

1. What alkaloid is present in jimsonweed?

2. What is the botanical name for locoweed?

3. Discuss the mechanism of toxicity ofjim-
sonweed. What is the usual prognosis of
poisoning if the patient is (a) treated with
physostigmine, or (b) not treated?

4. If physostigmine were not available, could
neostigmine be given instead?

5. What do you suppose Dolls eye move-
ments represents?

Vital signs

Respirations Pulse per Temp
per min min ("C)
44 144 38.7

60 160 39.8

40 120 38.8
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CASE STUDY: FATAL OLEANDER
INGESTION

History

A 96>year-oid woman with suicidal inten-
tions ingested an undetermined quantity of
oleander leaf. She had previously taken no
medication except for occasional aspirin. Her
family found her at home, weak and vomiting.
She could barely talk, and within a few mi-
nutes after discovery her speech ceased.

On arrival at an emergency facility IS min
later, she experienced a transient generalized
tonic seizure, which was followed by cardio-
pulmonary failure. Cardiopulmonary resusci-
tation was begun immediately. She was given
S% dextrose in sodium bicarbonate, epineph-
rine, lidocaine, atropine, phenytoin, calcium
chloride, and isoproterenol. Despite the vigor-
ous treatment, she died 40 min after arrival.
The victim’s laboratory findings are summa-
rized in Table 11.14.

On autopsy, all coronary vessels were pa-
tent and showed no signs of thrombotic occlu-
sion. A quantity of green vegetative material
was found in the stomach.

At first, the digoxin value noted above was
thought to be in error since the patient was
not taking a digitalis product. Additional labo-
ratory studies confirmed the value, however.
Further studies showed that the lethal dose of
oleander glycosides swallowed by this patient
was approximately 200 times higher than the
dose known to be lethal in animals. (See
ref. 29.)

Discussion

1. What is the toxin present in oleander?
2. How does this toxin manifest toxicity?

TABLE 11.14. Laboratory findings

Na’ =161 mEq/L
K* =8.6 mEq”*
cr =111 mEq/L
COj =26 mEq/L
Digoxin =5.8 ng/mL
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Were this patient’s symptoms compatible
with information described within the text
concerning oleander poisoning?

3. Why was a digoxin concentration of S.8
ng/mL noted even though the patient was
not taking any heart medication?

4. Would this patient have benefitted from the
use of Digibind?

CASE STUDY: HOLLY
BERRY INGESTION

History

Identical 2-year-old twin girls reportedly
swallowed “a handful” ofholly berries. Each
child was given 15 mL of syrup of ipecac
along with 120 mL water, at home. Each vom-
ited in approximately 50 min after ingesting
the berries. The vomitus of one child (A) had
a more intense orange color than that of the
other child (B). By 90 min postingestion.
Twin A had vomited about 10 times and was
markedly drowsy.

Twin A continued to vomit over the next
hour, at which time she was taken to a physi-
cian for evaluation. She continued to vomiL
totaling about 40 times over 6 hr. Each emesis
consisted of a small volume of fluid. She did
not appear dehydrated, and was sent home
without specific treatment.

Twin B vomited only five times during the
same period. Her mother reported that she did
not become drowsy.

Around 20 hr postingestion, both children
experienced an episode of “green” watery di-
arrhea. The day after berry ingestion. Twin A
passed two green semisoft stools, and vomited
three times. Twin B passed one similar stool.
She did not vomit. Both girls were asymptom-
atic by 30 hr postingestion. (See ref. 34.)

Discussion

1. Why did Twin A react so much more pro-
foundly than Twin B?
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2. Were symptoms after ingestion of holly
berries what you would expect?

3. What is the most logical cause of drowsi-
ness in Twin A?

CASE STUDIES; MUSHROOM
POISONING

History: Case 1

A 58-year-old man picked wild mushrooms
that he cooked and ate. About 90 min later
he became nauseated and diaphoretic. After
another 30 min his family noticed that he was
confused, so he was transported to a hospital.

On arrival 15 min later, he was vomiting
and had profuse diarrhea. He was agitated and
disoriented, and had visual hallucinations. His
vital signs included blood pressure, 140/80
mm Hg; pulse rate, 84 beats/min; and temper-
ature, 36.7°C. Physical examination showed
generalized muscular fasciculations and pal-
lor. Pupils were constricted.

Treatment consisted of intravenous fluids,
gastric lavage, and activated charcoal. After 5
hr, gastrointestinal symptoms, confusion, and
agitation had resolved. He reported paresthe-
sia in his hands, and numbness in both hands
and legs. These symptoms resolved ovei the
next 24 hr and he had no further problems.
The mushrooms were identified as Amanita
muscaria. (See ref. 18.)

History; Case 2

A 59-year-old woman (patient A), who had
picked and eaten wild mushrooms on many
previous occasions, picked a batch and shared
them with a 56-year-old male friend (patient
B). Both cooked the mushrooms for their din-
ners. Patient A consumed 1 to 2 bites. Patient
B consumed more, although the exact amount
was not known.

Six hours after eating, patient A experi-
enced nausea, vomiting, abdominal cramps,
and diarrhea. Twelve hours after ingestion, pa-
tient B experienced similar symptoms. Patient
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A’s symptoms were less severe than pa-
tient B’s.

Patient B was taken to the hospital 48 hr
after mushroom ingestion. Patient A did not
seek assistance until 60 hr after consumption.

On admission, patient B was pale and dia-
phoretic. Vital signs included blood pressure,
86/60 mm Hg; pulse. 88 beats/min; and tem-
perature, 36.9°C. He experienced constant
vomiting and diarrhea, which tested positive
for occult blood. He was awake and respon-
sive, although lethargic.

Laboratory tests revealed an aspartate ami-
notransferase concentration of 5,210 1U/L
(normal, <25 1U/L), alanine aminotransferase
concentration 04,120 IU/L (normal, <20 1U/
L), and total bilirubin concentration of 1.6 mg/
dL. Prothrombin time was 22.3 sec (normal,
12.2 sec).

A diagnosis was made of amanitin poison-
ing, based on symptoms and laboratory sug-
gestion of liver damage. Therapy with thioctic
acid, 400 mg/day intravenously in four di-
vided doses, was begun and continued 13
days. The patient’s prognosis remained
guarded throughout his hospital stay due to
complications including bacterial and fungal
sepsis, respiratory distress that required venti-
latory assistance, and acute renal failure that
required dialysis. He was discharged eight
weeks later.

Patient A experienced only mild abdominal
distress, which largely dissipated by the time
of her hospital examination 60 hr after mush-
room ingestion. Signs and symptoms were not
remarkable, and she was not hospitalized.

Patient A later identified the site where she
had gathered the mushrooms. In the near vi-
cinity were numerous specimens of Amanita
virosa. (See ref. 18.)

Discussion

1. What factors might suggest the difference
in intensity of symptoms for patients A and
B in case 2?

2. Explain the temporal relationship between
elevated aspartate aminotransferase, ala-
nine aminotransferase, and bilirubin and a
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probable diagnosis of liver damage for pa-
tient B in case 2.

3. What is the reason for rapid onset of symp-
toms of poisoning in case 1, and delayed
onset of symptoms in case 2?

CASE STUDIES: POKEWEED
POISONING

History: Case 1

A 43-year-old woman purchased some
powdered poke root from a local health food
store. About 30 min after consuming a cup of
tea made from the powdered plant material
(following mixing directions on the label), she
became nauseated and vomited. She also ex-
perienced cramping, abdominal pains, and wa-
tery diarrhea. Later, she became very weak,
and blood was found in the emesis and stool.
Her husband brought her to an emergency
facility.

She presented with hypotension and tachy-
cardia. Gastric lavage was performed, fol-
lowed by nasogastric suction.

Treatment consisted of volume expansion
and electrolyte balancing. Nasogastric suction
of a bloody material continued, and the diar-
rhea continued to reveal blood. She was stabi-
lized in 24 hr and discharged the following
day. (See ref. 9.)

History: Case 2

On one summer afternoon, 52 campers and
counselors in a nature group were offered a
salad made with leaves from the pokeweed
plant. The young leaves had been picked,
boiled, drained, and boiled again earlier that
day. Within 0.5 to 5.5 hr after consuming the
salad, 21 people developed the symptoms
listed in Table 11.15.

Symptoms lasted 1 to 48 hr, with a mean
duration of 24 hr. Eighteen persons were seen
by local physicians or in a hospital emergency
room. Four were admitted to the hospital for
24 to 48 hr because of protracted vomiting
and dehydration. All survived. (See ref. 23.)
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TABLE 11.15. Symptoms ofpokeweed

plantpoisoning
No. patients
with symptoms Symptoms

18 Nausea, stomach cramps

17 Vomiting

11 Headache

10 Dizziness

8 Burning in stomach or mouth

6 Diarrhea [ ]
Discussion

1. AVhat are the active components of poke-
weed?

2. What are the major toxic actions of such
compounds? Do these case studies corre-
late with the expected signs and symptoms
of pokeweed toxicity?

3. Both of these reports of pokeweed toxicity
would not have happened if certain obvious
precautions would have been observed.
What are the precautions?

CASE STUDY: BURDOCK ROOT
TEA POISONING

History

A 26-year-old woman purchased a package
of burdock root tea from a local health foods
store. The tea was prepared by steeping the
root product in water.

One morning, she drank one-half cup of tea
that had been steeping for 1 1/2 days. Within
5 min she began to experience blurred vision
and a dry mouth. Her husband noted that her
speech and actions were bizarre, and she ap-
peared to be hallucinating. She was brought
to an emergency facility with symptoms of
dry mouth, blurred vision, urinary retention,
and bizarre behavior. Physical findings re-
vealed blood pressure, 140/108 mm Hg; and
pulse rate, 104 beats/min. Pupils were equally
dilated and minimally reactive to light. Chest
and heart auscultatory examinations were un-
remarkable. There was slight tenderness in the
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hypogastrium. Sensory and motor neuronal
examination, as well as deep tendon reflexes,
were normal.

Treatment with physostigmine salicylate
was initiated since symptoms suggested poi-
soning by an anticholinergic substance. In ad-
dition, she was catheterized. (See ref. 8.)

Discussion

1. The toxic principle in the burdock root tea
that was responsible for symptoms was at-
ropine. Although we have not yet consid-
ered atropine toxicity in depth, do the
symptoms this victim displayed represent
what you would expect, based on your
knowledge of the pharmacology of atro-
pine?

2. What is the procedure used to establish or
confirm anticholinergic poisoning?

3. Name three other toxic plants that are com-
monly ingested that contain atropine-like
alkaloids.

4. Why was the patient catheterized?

Review Questions

1. A parent who states that his son was poi-
soned by dumbcane is referring to which
of the following plants?

A. Rhubarb

B. Poinsettia

C. Dieffenbachia
D. Jimsonweed

2. Which of the following plant seeds con-
tain ricin?

A. Oleander
B. Castor bean
C. Mistletoe
D. Yew

3. Symptoms ofjimsonweed poisoning are:
A. Muscarinic
B. Antimuscarinic

4. Which of the following is a true state-
ment?

A. Rhubarb stems and leaves both con-
tain the toxic principle.

10.
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B. Jimsonweed seeds are also called ink-
berries.

C. Poisoning by oleander induces symp-
toms that are most closely descriptive
of atropine.

D. The poisonous principle of yew is
taxine.

Chronic intoxication by ingesting the

toxic principle of rhubarb is most closely

associated with dysfunction of the:

A. Brain

B. Liver

C. Heart

D. Kidney

Intoxication with oleander causes symp-

toms most closely associated with dys-

function of the:

A. Brain

B. Liver

C. Heart

D. Kidney

All of the following belong to the Arum

family except'.

A. Dieffenbachia

B. Poinsettia

C. Caladium

D. Philodendron

Plants that are considered to have a caus-

tic component should not be vomited if

ingested.

A. True

B. False

Which of the following is considered to

be the toxic principle in ‘‘Death Cap”

mushrooms?

A. Solanine

B. Taxine

C. Amanitin

D. Hyoscyamine

All ofthe following are true aboutjimson-

weed except:

A. Each seed contains approximately 10
mg atropine.

B. The incidence of poisoning is increas-
ing.

C. Hallucinations caused by poisoning
are mostly visual.

'D. It is also called locoweed.

11. Which ofthe following plants, if ingested.
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12.

13.

14.

15.

16.

17.

18.
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would most likely have caused the symp-
toms listed below, early after its inges-
tion?

Eyes: miotic

Heart: BP normal; rate = 61/min

GIT: intense vomiting; intestinal spasm;
rigid abdomen; no xerostomia or mouth
pain

CNS: normal functions

A. Philodendron

B. Rhubarb

C. Jimsonweed

D. Taxus

Jimsonweed intoxication causes symp-
toms that are most closely related to toxic-
ity by which of the following substances?
A. Ethylene glycol

B. Digitalis glycosides

C. Scopolamine

D. Physostigmine

Using the following key, identify the ma-
jor toxic concern encountered with poi-
soning by each of the following plants:
Hypertensive crisis

Delirium; euphoria

Acute renal failure

Hepatitis

Erythrocytic hemolysis

Amanita mushrooms

Jimsonweed

Rhubarb

Castor bean

What name is given to the bundles of cal-
cium oxalate crystals arranged in a paral-
lel arrangement?

Describe the two-fold beneficial effect
milk provides when plant parts containing
oxalic acid are ingested.

Thioctic acid is under investigation as a
treatment regimen for what type of plant?
Against what specific toxic action does it
protect?

What are some of the reasons for the in-
creased incidence of poisoning by plants?
Activated charcoal may be an effective
adsorbent of the toxic principles of many
plants. What are some of the limitations
with using AC for poisonous plant inges-
tions?

moQw>

19. Even in the absence of symptoms of tox-

20.

21.

22.

. Dote

icity after plant ingestion, the victim
should be carefully observed over the next
12 to 24 hr. Cite the reasons.

List some reasons why gastric lavage may
have limited value in treating plant poi-
soning.

Describe the expected outcome of poison-
ing from the deadly nightshade plant.
What is the toxic component of this plant?
Discuss why gastric lavage may be a poor
method of gastric decontamination after
ingestion of castor seeds or taxus berries.
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Numerous products contain nonnaicotic (non-
opioid) analgesics. They are used to treat a wide
variety of clinical conditions, including pain, in-
flammation, and fever. Some are available with-
out prescription, although others require the pa-
tient to be under the cate of a licensed medical
practitioner. Despite this plethora of products,
there are three nonnarcotic analgesics that are
most commonly used in the United States. These
are aspirin, acetaminophen, and ibuptofen.
Other nonsteroidal anti-inflammatory drugs
(NSAIDs) may induce a variety of adverse ef-
fects, but they are not usually associated with
acute toxic reactions. Ibuptofen, on the other
hand, has been associated with many acute poi-
sonings. Surprisingly, it has not caused severe
toxicity in adults, in spite of its widespread avail-
ability and use. The salient features of toxicity
of non-narcotic analgesics are summarized in
this chapter.

SALICYLATES

Aspirin poisoning may affect people of all
ages. Children are most susceptible and are
usually the victims of accidental ingestions.
Adult salicylate toxicity is normally due to
chronic misuse or intentional ingestions of
large quantities. Children present the greatest
risk of developing serious toxic complications
after salicylate poisoning.

The chance for a fatal outcome in children
is enhanced if the child is febrile and/or dehy-
drated. Consider what may occur when a child
with an upper respiratory tract infection or
other minor affliction is given aspirin by a
well-meaning parent. Since this child may also
be lethargic and not eating or drinking ade-
quately, the stage is now set for enhancement
of toxicity. The child is given one dose fol-
lowed by another and another. Within a short
time after continuous therapy, the tissues be-
come completely saturated with aspirin (2).
At this point, serum concentrations increase
geometrically. In other words, a 50% increase
in the daily aspirin dose may cause the serum
concentration to rise by 300% (37). Before
it is realized, the child has been accidentally
poisoned.
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Although the Poison Prevention Packaging
Act of 1970 set guidelines that have contrib-
uted to a reduction by approximately one-half
in the incidence of accidental ingestions, and
greatly decreased the number of aspirin-
induced deaths, aspirin is still a serious cause
of poisoning in children under 5 years of age
(11). The concern for a possible association
between it and Reye’s syndrome may eventu-
ally reduce the overall incidence of aspirin
poisoning in children even more (60).

Aspirin products may be referred to as
candy by parents to encourage a child to ingest
the necessary dose. The problem arises when
a curious, unattended child finds a bottle or
two of candy-flavored aspirin tablets, or even
adult aspirin products. The dose of aspirin for
children at which symptoms of toxicity are
likely to occur is ISO mg/kg. In an otherwise
healthy 20-kg child, it would be necessary for
the child to ingest approximately an entire bot-
tle of 36 children’s aspirin (81 mg of
salicylate/tablet). Ingesting only 9 adult-
strength aspirin (325 mg each) would place
the child in the same jeopardy (Table 12.1).

Methyl salicylate (Oil of Wintergreen) is
another source of salicylate intoxication in
children. Methyl salicylate is included in topi-
cal liniments, and is used alone as an analgesic
rub, and in food flavoring. A child may find
a bottle of methyl salicylate that smells like
wintergreen candy, and the opportunity to
taste it is difficult to refuse. Since methyl sali-
cylate is a liquid it can be easily ingested. It
has been shown that one teaspoonful (approxi-
mately one swallow) contains the equivalent
of 7 g salicylate, or approximately 22 adult
aspirin tablets. As little as 4 mL of methyl
salicylate may be lethal to an child (24). The
results of an interesting study that revealed
the inconsistency in the literature of reported
salicylate in methyl salicylate was presented
in chapter 1. It may be helpful to review that
section now.

Mechanism of Toxicity

Many of the pathophysiologic conse-
quences of salicylate toxicity can be explained



ANALGESICS, ANTIPYRETICS, AND ANTI-INFLAMMATORY AGENTS

TABLE 12.1.

Blood
concentration
range
(mg/dL)

<45
45-65

Signs and
symptoms

Range of
toxicity

Asymptomatic
Mild toxicity Nausea
Gastritis

Mild hyperpnea
Tinnitus
Moderate Hyperpnea
toxicity

65-90

Hyperthermia
Sweating
Dehydration
Marked lethargy
Possible
excitement
Severe
hyperpnea
Coma
Convulsions
Cyanosis
Pulmonary
edema
Respiratory
failure
Cardiovascular
collapse
Coma 120
Death

Severe 90-120

toxicity

Lethal

From ref. 14.

Single oral

ingested

(mg/dL)

<150

150-300

300-500

>500
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Toxicity profile for salicylate ingestions

Approximate no. of
tablets ingested by a
child*

Children's
aspirin
(81 mg)

Approximate no.
of tablets
(325 mg)

ingested by
an adult*

Adult
aspirin
(325 mg)

dose

<37 <9 <30

37-74 9-18 30-63

74-123 18-30 63-105

>123 >30 >105

* Acetylsalicylic acid (ASA) tablets ingested by a 20-kg child.

ASA tablets Ingested by a 68-kg adult.

by CNS stimulation and interference with the
uncoupling of oxidative phosphorylation
within the electron transport system. It may
be helpful to follow these events outlined in
Fig. 12.1.

The respiratory center is stimulated directly
by salicylates, and indirectly by an increase in
pCO02 production. Salicylates enhance oxygen
consumption by increasing the cellular meta-
bolic rate. This results in hyperthermia with
accumulation of CO2 which then causes hy-
perpnea (increased depth ofrespiration). Also,
toxic doses of salicylate stimulate the respiratory
center directly, producing both hyperpnea and
tachypnea (increased rate of respiration). The
increased respiration rate causes a greater than
normal amount of CO2 to be expired by the
lungs. As a result, there is less plasma CO2

Recall the following reactions of the bicarbonate
buffer system for maintaining blood pH:

H20 + CO2 H2C03 = H" £ HCO3-

Since there is less CO2 available, less car-
bonic acid [H2COg3] is formed resulting in a
deficit of carbonic acid with a subsequent de-
crease in hydrogen ion concentration [H*].
Blood pH is dependent on the bicarbonate/
carbonic acid ratio according to the Hender-
son-Hasselbalch equation:

[HCO3I

H = 6.1 -
P € [H2CO3I

The concentration of HCO3 in plasma and
extracellular fluid is normally 27 mEq/L, and
the concentration of carbonic acid is 1.35
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A. CNS Effects of Saficytate Intoxication

Salicylate level Increases in the brain
Stimulates the respiratory center

Hyperventilation

iPco,
RESPIRATORY ALKALOSIS

B Metabolic Effects of Salicylate Intoxication

Increased
peripheral

Lincoupling
oxidativs-

mEq/L. The pH of plasma is dependent on
the HCO J/H2CO03 ratio of 20/1. At this ratio
the pH of blood is 7.4. Therefore, as the Pcoj
and H2CO3 concentrations decrease, the
HCOJ concentration is the same and the ratio
of HCO J/H2XCO03 increases, resulting in eleva-
tion of blood pH.

The kidney attempts to compensate for the
acid-base imbalance by excreting more
HCOJ, and retaining H* and nonbicarbonate
anions. Usually this mechanism operates to

Inhibition
of Kreb s
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Inhibition
of amino acid

Renal compensation
by excreting more

correct the acid-base imbalance and return the
ratio to 20/1. However, as can be seen in Fig.
12.1, in salicylate toxicity this may add to the
latent metabolic acidosis.

The second action of salicylate intoxication
results from uncoupling of oxidative phos-
phorylation, which ultimately produces meta-
bolic acidosis with a high anion gap (31).
Again, it may be useful to follow these events
in Fig. 12.1.

The electron transport chain and oxidative
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phosphorylation were previously discussed in
chapter 6 in response to cyanide-induced cel-
lular anoxia. It should be remembered that
mitochondria are organelles whose prelimi-
nary function is production of an energy
source, ATP. Hydrogen atoms and electrons
from glycolysis and the Krebs cycle are trans-
ferred, via a series of oxidation-reduction re-
actions of the cytochrome system of the elec-
tron transport chain, to molecular oxygen,
forming water. During these reactions, inor-
ganic phosphate becomes coupled with ADP
to form ATP. The process of electron donor
to acceptor with resultant production of ATP
is termed oxidative phosphorylation.

Uncoupling of oxidative phosphorylation
results in a decrease in ATP production. Cells
attempt to compensate by increasing glycoly-
sis. However, only 2 moles of ATP are pro-
duced by substrate phosphorylation during
glycolysis. In addition to a less efficient en-
ergy pathway, increased glycolysis also re-
sults in production of lactic and pyruvic acids.
The body also uses its glycogen stores to ob-
tain energy. Eventually, these are depleted and
the body switches to lipid metabolism to meet
energy demands. Although this is an efficient
mechanism, it leads to excessive free fatty
acid in the liver, producing increased ketone
bodies, which can cause ketoacidosis.

Other contributing factors, which lead to
metabolic acidosis as a result of salicylate tox-
icity, include (1) inhibition of dehydrogenase
enzymes of the Krebs cycle, causing an accu-
mulation of alpha-ketoglutarate and oxaloace-
tate and (2) inhibition of amino acid metabo-
lism, resulting in accumulation of amino
acids. The culminating result of biochemical
actions of salicylate is metabolic acidosis with
a high anion gap (Fig. 12.1).

Salicylates also interfere with normal blood
glucose concentration. There may be an initial
increase in blood glucose because of the utili-
zation of muscle glycogen stores and mobili-
zation of fats to free fatty acids and ketones.
Eventually, however, there is depletion of glu-
cose stores with resultant hypoglycemia. Hy-
poglycemia may be of greater significance in
chronic salicylism, or during the latter stages
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of acute salicylate toxicity. It has been shown
in animal studies that, even with normal blood
glucose concentrations, there may be a sig-
nificant decrease in brain glucose (63).

Ingesting high doses of salicylate results in
switching salicylate metabolism from first-
order to zero-order kinetics. That is, the rate
of degradation is independent of dose, and
an increase in dose results in a greater than
expected increase in serum and tissue salicy-
late concentrations. After an acute overdose
of salicylate, there is an increase in apparent
volume of distribution with increasing amount
ingested and absorbed. This is a result of de-
creased plasma protein binding of salicylate
at high doses (38). The practical implication
is that higher drug concentrations produce dis-
proportionately higher concentrations of drug
in tissues, especially the CNS (60).

Characteristics of Poisoning

Clinical manifestations of salicylate toxicity
are presented in Table 12.1. They are arranged
in increasing order of severity and related to
amount ingested and blood salicylate concen-
tration.

The major early toxic manifestations of sal-
icylate poisoning result from stimulation of
the CNS. These may include nausea, vom-
iting, tinnitus, headache, hyperpnea, and neu-
rologic abnormalities, such as confusion, hy-
peractivity, slurred speech, and generalized
convulsions. The severity of CNS toxicity is
related closely to the brain salicylate concen-
tration (23). As previously mentioned, salicy-
late-induced CNS stimulation results in hyper-
ventilation, decreased Pco”, and respiratory
alkalosis. In subtoxic quantities, renal com-
pensation proceeds to counteract the respira-
tory alkalosis. Compensated respiratory alka-
losis is accomplished by renal excretion of
bicarbonate, resulting in lowering of the blood
pH toward normal. In adults and children
older than 4 years of age who have ingested a
mild-to-moderate dose of salicylate (see Table
12.1), the acid-base disturbance at this point
tends to correct. Young children develop met-
abolic acidosis rapidly.
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In the discussion of mechanism of toxicity,
several metabolic abnormalities have been
identified. Increased glycolysis, gluconeogen-
esis, and lipid metabolism result in depletion
of glucose from peripheral tissues, accumula-
tion of organic acids in the blood, and an in-
crease in ketone bodies (see Fig. 12.1). Two
other factors also contribute to metabolic aci-
dosis: the vasomotor depressant effect related
to toxic quantities of salicylate which impair
renal function, and the dissociation of salicy-
late at plasma pH contributing to lowering of
the plasma pH. The severity of metabolic aci-
dosis is dose-related and occurs more fre-
quently in infants and very young children
after chronic salicylate therapy for some fe-
brile conditions (62). In adults, salicylate tox-
icity usually results from accidental or inten-
tional ingestion of a large single dose of
salicylate; metabolic acidosis is normally de-
layed (18,62).

Efehydration is another serious consequence
of salicylate toxicity. There are several con-
tributing factors. First, increased heat produc-
tion from salicylate-induced glucose and lipid
metabolism results in hyperpyrexia and dia-
phoresis. Also, hyperventilation occurs as a
result of CNS stimulation, and there is in-
creased pulmonary fluid loss. Renal-compen-
sated respiratory alkalosis results in the loss
of HCO3, followed by sodium, potassium, and
an equiosmolar quantity of water. Metabolic
acidosis adds to the increased urinary output
and electrolyte loss. The severe dehydration
described above is more common in children,
and usually associated with moderate-to-
severe salicylate toxicity (60).

A useful way to evaluate the degree of po-
tential toxicity after acute oral ingestion is to
correlate blood salicylate concentrations with
the patient’s clinical .status. Several factoid
have been included in Table 12.1 to aid in
predicting the extent of toxicity after an acute
overdose.

Blood salicylate concentration ranges were
selected from the Done nomogram (Fig. 12.2).
This nomogram is valuable when evaluating
acute salicylate poisoning, provided the ap-
proximate time of ingestion is known and a
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FIG. 12.2. Done nomogram for assessing the
extent of salicylate poisoning. (From ref. 14.)

single oral dose has been ingested. It is recom-
mended that serial salicylate determinations
be made, beginning at least within 6 hr postin-
gestion. The nomogram is not useful in cases
of chronic salicylate toxicity, multiple inges-
tions, or ingestion of enteric-coated tab-
lets (66).

If a 6-hr postingestion blood salicylate con-
centration is less than 40 mg/dL, it is unlikely
that serious toxic effects will be observed.
This correlates with salicylate ingestions of
less than 150 mg/kg. The patient is generally
asymptomatic and can usually be managed
easily at home.

It has been estimated that in up to 50% of
suicide attempts involving aspirin, the medi-
cation was ingested in combination with other
drugs such as anticholinergics, narcotics, iso-
niazid, or aluminum hydroxide (3). Some
salicylate-intoxicated patients may, therefore,
present with a variety of signs and symptoms
not generally related to salicylate toxicity
alone.

Poisoning by methyl salicylate proceeds in
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a manner similar to aspirin. Symptoms appear
earlier, partly because methyl salicylate
causes higher blood concentrations more rap-
idly. Prevalent early symptoms include CNS
excitement, hyperpnea, and hyperpyrexia.

For salicylic acid, symptoms are similar to
aspitin, but it causes greater gastrointestinal
initation. Salicylic acid is an infrequent cause
of poisoning.

Management of Poisoning

Salicylate poisoning from acute oral inges-
tions of large quantities requires prompt medi-
cal attention. Treatment is multifaceted and
largely supportive. Results are not always sat-
isfactory. Management strategies involve re-
moval of aspirin from the GI tract, and correc-
tion of metabolic acidosis, dehydration,
hyperthermia, hypoglycemia, and hypoka-
lemia.

The general sequence for managing salicy-
late toxicity should begin with gastric decon-
tamination. In children, emesis is easier to ac-
complish and probably more effective.

After ingestion of large amounts of salicy-
late, time to peak concentration is delayed,
and absorption may continue over a period of
8 to 12 hr due to decreased gastric emptying
and decreased drug dispersion in the GI tract
(36). Also, overdoses with enteric-coated or
sustained-release salicylate preparations may
result in delayed peak concentrations greater
than 24 hr (66). Therefore, measures to pre-
vent absorption, such as ipecac-induced eme-
sis, gastric lavage, and activated charcoal, may
be helpful even several hours postingestion
(47). There are no data, however, to support
the use of either multiple-dose activated char-
coal or irrigation as a means to enhance excre-
tion of salicylates (43).

Evacuation of the stomach should be fol-
lowed by administration of activated charcoal
to adsorb any remaining drug. Salicylate bind-
ing to activated charcoal has been shown in
one study to be reversible over a 24 hr period
by 15% to 20% (15). This is another reason to
emphasize the use ofa cathartic after activated
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charcoal to prevent the development of intesti-
nal obstruction and enhance the transit time
of charcoal through the GI tract. Data from
studies with volunteers demonstrated that sor-
bitol with activated charcoal was superior to
charcoal alone in preventing salicylate absorp-
tion when the combination was administered
within 1 hr after ingestion (5,29,30).

Dehydration is common in salicylate poi-
soning and appropriate fluid replacement is
critical. This may be managed by administer-
ing oral fluids. When toxicity is within the
moderate-to-severe range, dehydration is usu-
ally treated with parenteral fluids. At this point
rehydration, not correction of acid-base imbal-
ance, is the major consideration. It is im-
portant to keep the patient hydrated so that
kidney function is maintained. Salicylates are
largely excreted by the kidney.

Replacement of lost fluid and electrolytes
is essential, but the CNS and metabolic actions
of salicylate toxicity are not reversed until sa-
licylate concentrations fall below 50 mg/dL.
Therefore, it is important to concentrate on
ways to improve salicylate excretion, since
there are no specific antidotes available.

Sodium bicarbonate is given to help correct
metabolic acidosis associated with moderate-
to-severe toxicity, and to produce an alkaline
urine that will promote movement of salicy-
late from intracellular sites to plasma to en-
hance excretion by the kidney. Glucose is
added to correct hypoglycemia and ketosis.
Potassium chloride is added to correct hypo-
kalemia and help prevent alkalosis from so-
dium bicarbonate administration. Alkaline di-
uresis is only effective in removing salicylate
from the body when potassium depletion is
corrected. During potassium replacement, se-
rum potassium concentrations should be
closely monitored because either hypokalemia
or hyperkalemia may cause cardiac arrhyth-
mias.

Enhancing elimination of salicylate by
forced alkaline diuresis was encouraged pre-
viously (45). However, forced alkaline diure-
sis (infusion of large volumes of sodium
bicarbonate and furosemide) has produced
complications, such as pulmonary and cere-
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bral edema, and electrolyte and acid-base dis-
turbances. Consequently, this procedure has
not been recommended. Furthermore, the use
of sodium bicarbonate alone has been shown
to be equally as effective and probably safer
for reducing plasma salicylate concentrations
after salicylate poisoning (47).

Hyperthermia is common with moderate-
to-severe salicylate toxicity. Fever can be re-
duced by cold or tepid water {not alcohol)
sponging. Other symptomatic treatment in-
cludes diazepam for seizures, calcium supple-
ments for hypocalcémie tetany, and vitamin
K| (phytonadione) for coagulation defects.

In cases of severe salicylate toxicity, espe-
cially in cases involving renal failure, consid-
eration may be given to using an extracorpo-
real procedure (hemodialysis or charcoal
hemoperfiision) to enhance drug elimination.

OTHER NONSTEROIDAL ANTI-
INFLAMMATORY DRUGS

NSAIDs are among the most widely pre-
scribed drugs. One NSAID, ibuprofen, can
also be purchased in low doses (2(K) mg tab-
lets) in the United States without prescription.
In spite of the large number of people taking
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A comparison of adverse drug reactions re-
ported for NSAIDs is shown in Table 12.2. It
can be seen that, next to aspirin, ibuprofen
was the most widely used NSAID. Ibuprofen
also has the lowest incidence of fatal and non-
fatal adverse reactions (48). The remaining
discussion of NSAIDs in this chapter will con-
centrate on ibuprofen. For a comprehensive
evaluation of the toxicity of individual
NSAIDs, the reader is referred to the review
by Smolinske et al (59).

Ibuprofen

Ibuprofen can be predicted to be safe. After
absorption it is quickly metabolized with an
elimination half-life of approximately 2 hr. A
single 4(X)-mg dose results in a peak plasma
concentration of 29 /ig/mL 90 min after inges-
tion, decreasing to 3 /xg/mL at 8 hr. Blood
concentrations are not detectable at 12 hr (6).
A single therapeutic dose is completely elimi-
nated within 24 hr (21). An acute overdose
does not prolong the elimination half-life of
ibuprofen (21).

Mechanism of Toxicity

The mechanism of ibuprofen-induced toxic-
ity after acute overdose is obscure. Acute renal

TABLE 12.2. Summary of reported adverse drug reactions (ADR)
for NSAIDs per million prescriptions

NSAID therapy, toxic overdose is rare
(6,12,64).
Millions of Rx
NSAID (or units)
Phenylbutazone 2.81
Oiflunisal 2.50
Piroxicam 7.53
Sulindac 5.47
Fenoprofen 3.26
Indomethacin 9.02
Tolmetin 2.57
Meclofenamate 1.80
Naproxen 11.86
Ibuprofen 20.45
Aspirin 241.0*
From ref. 48.

NSAID, nonsteroidal anti-inflammatory drug.
¢ Period; August 1983 to August 1984.
‘ Number of 100-tablet units sold XIO*.

Fatal ADR Nonfatal ADR

(cases/10* Rx) (cases/10* Rx)
4.99 25.29
4.00 93.31
2.66 91.16
2.01 46.61
1.84 24.85
1.66 25.39
1.55 59.05
1.11 47.72
0.67 20.75
0.44 10.22
NA NA
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failure is believed to result from decreased
production of intrarenal prostaglandins. This,
in turn, decreases the renal blood flow and
glomerular flltration rate (3S).

Characteristics of Poisoning

In most reported cases of ibuprofen over-
dose, patients have either no symptoms, or
mild manifestations of gastrointestinal irrita-
tion, such as nausea and vomiting. Gastric ero-
sions and hemorrhage are not commonly cited
with acute overdoses. Metabolic acidosis, hy-
potension, and renal dysfunction are reported
only rarely. CNS toxicity is rare. Drowsiness,
lethargy, and mild coma have been reported,
but generally resolve in 24 hr even with large
doses (10,22). Adults and children have in-
gested overdoses of ibuprofen that resulted in
blood concentrations 20 or more times greater
than therapeutic concentrations with few ad-
verse effects.

A survey was undertaken to document the
extent of ibuprofen-induced toxicity during a
two-year period. The relationship between in-
gested dose and symptoms is shown in Ta-
ble 12.3.

Seventeen children who ingested up to 2.4
g were asymptomatic. Two other children ex-
perienced only mild symptoms with ingestions
up to 3.6 g Doses between 1.4 and 24 g
caused no ill effects in 13 adults. Seven others
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reported mild symptoms, most commonly
nausea and vomiting. An elderly male in-
gested between 9.6 and 16 g, that resulted in
elevated plasma urea and creatinine concen-
trations. The remaining two victims ingested
other drugs besides ibuprofen. To illustrate, a
70-year-old man took 12 g ibuprofen along
with an unknown quantity of diazepam and
chlorpheniramine. He became hypotensive,
was comatose for about 12 hr, but recovered
fully. The single fatality was a 67-year-old
woman who ingested an unknown amount of
ibuprofen and salicylate. She became hypo-
tensive and comatose and died after cardiac
arrest (12). Two antemortem plasma ibupro-
fen concentrations gave values of 440 mg/L
and 170 mg/L. Salicylate concentration was
240 mg/L.

Management of Poisoning

Treatment of acute overdoses of ibuprofen
and similar NSAIDs should consist of basic
poison management, including symptomatic
and supportive care. Seventy-three percent
of the patients in Table 12.3 received an
emetic or gastric lavage. Another 20% were
given oral fluids. The remainder required no
treatment. To date there have been no stud-
ies to evaluate the efficacy of either ipecac-
induced emesis or gastric lavage in reducing
NSAID toxicity. Activated charcoal will ad-

TABLE 12.3. Symptoms ofibuprofen reported*

Total patients

Alleged dose of

Age Severity for age group Symptoms ibuprofen (g)
Children None 17 None 0.2-2.4
Mild 2 Drovvsiness, sweating Up to 3.6
Adults None 13 None 1.4-2.4
Abdominal pain, nausea, vomiting,
drowsiness, nystagmus, double vision,
headache, tinnitus
Severe 2 Raised plasma uroa and creatinine cone. 9.6-16
Coma and hypotension 12 (+other drugs)
Fatal 1 Initially vomiting, confusion, Unknown (+ other

hyperventilation; 41-hr after admission,

drugs)

collapsed, cold sweating, cardiac

arrest

From ref. 12.
'Period 1980-1981.
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sorb mefenamic acid, phenylbutazone, and
tolfenamic acid. It is probable that it will
also adsorb other NSAIDs, including ibu-
profen (64).

No CNS or other significant toxicity is usu-
ally seen with ingestions of ibuprofen less

1 2 3 4 5

6
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than 3 g (22). Renal function tests do not seem
to be indicated unless 6 g to 20 g or more of
ibuprofen has been ing”ted (22). A nomo-
gram to predict the outcome of acute ibupro-
fen poisonings has been devised and revised
(Fig. 12.3), but its clinical utility is limited

Probable Toxicity

7 8 9 10

Hours After Ingestion

FIG. 12.3. Nomogram relating plasma ibuprofen level to severity of intoxication. (From ref. 59.)
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since treatment is largely symptomatic and
based on clinical findings (21,22).

ACETAMINOPHEN

Acetaminophen (paracetamol) now sur-
passes aspirin as a major cause of poisoning.
For many years acetaminophen was not gener-
ally recognized in the United States as an im-
portant source of poisoning. With increasing
use over the past decade, an increase in toxic
events has been reported (55). In fact, use of
salicylates in children has decreased over the
past decade, due to concern with Reye’s syn-
drome. This has promoted increased use of
acetaminophen, as well as increased acetamin-
ophen poisonings. In a recent survey, analge-
sics ranked second highest in frequency of all
poisoning exposures reported during 1991, but
ranked first in the category of substances caus-
ing the largest number of deaths (41). The
report also indicated that acetaminophen was
involved in approximately 60% of all analge-
sic exposures, and acetaminophen was in-
volved 4.5 times more often than salicylates.
Children are able to tolerate toxic ingestions
better than adults since a dose almost 10 times
the therapeutic dose is required before toxicity
becomes a potential threat (54).

Acetaminophen, like aspirin, is safe when
taken as directed. In acute overdose, unlike
aspirin, acetaminophen does not cause early
neurologic or other warning signs of toxicity
(e.g., tinnitus). Patients present in otherwise
good health, and by the time the potential for
toxicity is realized (by either the victim or
attending physician), irreversible liver damage
may have already occurred. Furthermore,
there is a phase of apparent recovery when
symptoms subside. If this is interpreted as an
emergence from danger and one fails to seek
medical assistance, permanent hepatic damage
may occur.

Mechanism of Toxicity

The most serious toxic consequence from
acetaminophen poisoning is hepatic necrosis.
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Acetaminophen is absorbed rapidly from the
stomach and upper GI tract. Most of the drug
is metabolized by conjugation with glucuronide
and sulfate (Fig. 12.4). Anotherpathway, nor-
mally of minor importance, involves the cyto-
chrome P4o-dependent mixed-function oxidase
system. Approximately 4% of a therapeutic dose
is metabolized bythis route. An intermediate me-
tabolite formed via this system is a highly reac-
tive aiylating compound, iV-acetyl-p-benzoqui-
noneimine (NAPQI). NAPQI binds covalently
to hepatocyte proteins causing hepatocellular
necrosis. At therapeutic doses, glutathione inac-
tivates NAPQI by conjugation and subsequent
transformation to acetaminophen-3-mercaptu-
ric acid, which is readily excreted. When a
massive overdose is ingested, liver enzymes
are saturated and the supply of glutathione is
inadequate to detoxify NAPQI. The concen-
tration of'toxic metabolite, therefore, increases
and can bind covalently to sulfhydryl groups
ofhepatic cellular proteins, resulting in centri-
lobular necrosis.

A dose of 15 g for adults, or 4 g for children,
is normally sufficient to cause significant hep-
atotoxicity (8,25). On the basis of animal ex-
periments, this amount of acetaminophen can
deplete liver glutathione concentrations by
70% in a 70-kg man (56). The threshold dose
for producing hepatotoxicity is 250 mg/kg; ab-
sorption of less than 125 mg/kg usually pro-
duces no significant hepatotoxicity (51). Esti-
mates of the amount of acetaminophen
ingested are often unreliable, and predictions
of hepatotoxicity should be based on serum
acetaminophen concentrations ( 1).

The incidence of hepatotoxicity in children
is significantly lower with blood acetamino-
phen concentrations that would be potentially
toxic in adults (49,55). In a study of 417 chil-
dren less than 6 years of age, only three had
aspartate transaminase (AST) values greater
than 1,000 1U/L. Animal studies suggest there
is an age-dependent rate of glutathione turn-
over and that younger animals can tolerate
higher doses of acetaminophen (34,42,44). In
humans, reduced toxicity in children may
be attributed to early spontaneous emesis
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FIG. 12.4. Scheme for acetaminophen metabolism.

or differences in acetaminophen metabolism
(44.54).

Toxicity after acute overdoses may be more
severe in patients with chronic alcoholism or
in patients taking drugs, such as phénobarbital
or phenytoin, which induce liver microsomal
enzymes (32,58,65). In fact, chronic alcohol-
ics are prone to serious hepatotoxicity while
taking therapeutic doses of acetaminophen.
Inhibition of the cytochrome P40 system (e.g.,
with cimetidine) without interfering with gluc-
uronidation and sulfation of acetaminophen
would be potentially useful in reducing acet-
aminophen hepatotoxicity (53). The clinical
usefulness of cimetidine as an antidote for
acetaminophen overdose is still investiga-
tional (13).

Characteristics of Poisoning

Except for signs of hepatotoxicity that may
not appear for days after ingestion, acetamino-
phen causes few remarkable signs or symp-
toms. Clinical manifestations are divided into
three phases, with a fourth phase of resolution
of symptoms if the patient survives hepatotox-

icity. Signs and symptoms show a consistent
pattern and are reported in Table 12.4.

Stages o f Poisoning

The ultimate outcome is not correlated di-
rectly with intensity of the initial symptoms.
As can be seen in Table 12.4, symptoms of
acute toxicity are those of gastrointestinal dis-
tress. Stage I may appear quickly and persist
24 hr or more. If acetaminophen is ingested
alone, it is not likely that there will be serious
CNS depression. Most patients exhibit initial
symptoms and recover.

The real danger is that symptoms may sub-
side quickly and the patient progresses to
Stage II, a period ofrelatively quiescence with
apparent recovery. If the individual fails to
seek medical assistance during this period,
thinking that the most serious events have oc-
curred and that no further damage is possible,
prognosis can be grave. Destruction of hépato-
cytes is inevitable during this phase. As noted
by increased serum glutamic-oxalacetic trans-
aminase (SCOT, AST) in Fig. 12.5, liver dam-
age has already begun. The figure also shows
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TABLE 12.4. Stages ofacetaminophen poisoning

Within a few hours after ingestion patients experience anorexia, nausea,

pallor, vomiting, and diaphoresis. Malaise may be present. Patient may

Symptoms of Stage 1are less severe, and patient may think everything is

normal. A period of “perceived recovery.” Right upper quadrant pain
may be present due to hepatic damage. Blood chemistry becomes
abnormal with elevations of liver enzymes and bilirubin. Prothrombin
time prolonged. Renal function begins to deteriorate but BUN normally
remains low as a result of decreased hepatic urea formation.

Starts 3 -5 days after ingestion. Characterized by symptoms of hepatic

necrosis. Coagulation defects, jaundice, renal failure, and myocardial
pathology are all frequently present. Hepatic encephalopathy has been
noted. Hepatic biopsy at this time reveals centrilobular necrosis.
Nausea and vomitir>g may reappear. Death is due to hepatic failure; it
is frequently preceded by anuria and coma.

If the damage done during Stage lll is not irreversible, complete

resolution of hepatic dysfunction will occur.

Stage 1 0.5-24 hr
appear normal.
Stage |l 24-48 hr
Stage llI 72-96 hr
Stage IV 4 days-2 weeks
From rof. 40.

the anticipated outcome of acetaminophen
toxicity. That is, during Stage I (nausea, vom-
iting, etc.) blood SCOT is within the normal
range. However, during Stage II these serum
enzyme concentrations are already rising, and
other laboratory abnormalities may also be de-
tected concurrently (e.g., elevated bilirubin,
alkaline phosphatase, lactate dehydrogenase,
and prothrombin time). The solid line in Fig.
12.5 represents the natural course of toxicity,
the dotted line shows the outcome when the

FIG. 12.5. Hepatotoxicity, as shown by an ele-
vation of SGOT after toxic acetaminophen in-
gestion. The solid line is acetaminophen alone,
the dotted line shows protection of iiver damage
with acetylcysteine, and the dotted-and-dashed
line shows those individuals with a severe
course. Notice that the solid iine begins to rise
early and peaks by stage Ill. (From ref. 56.)

antidote, IV-acetylcysteine (NAC), is given;
and the dotted-dashed line shows expected
outcome for patients with severe toxicity. If
results of liver function tests are still normal
after the second day, there will probably be
no significant liver damage. If survival is to
be assured, treatment with yV-acetylcysteine
must be initiated before Stage II begins.

Stage III may manifest within 72 to 96 hr
after ingestion. It is characterized primarily by
elevated plasma lactic dehydrogenase (LDH),
SGOT, and bilirubin. Prothrombin time may
be increased, and case reports have described
hemorrhagic tendencies after acetaminophen
toxicity.

Eventually the liver damage may cause
jaundice and other sequelae depicted in Table
12.4. Myocardial tissue damage and renal fail-
ure have been reported. These effects are less
predictable and overall less devastating than
the hepatic response.

Plasma acetaminophen concentrations are
the most important predictor for assessing the
probability of developing hepatic damage (1).
Therapeutic, toxic, and lethal acetaminophen
serum concentrations are listed in Table 12.5.
Significant damage is likely with an acetamin-
ophen concentration greater than 200 pg/mL
at 4 hr postingestion, or above 50 /ig/mL at
12 hr postingestion (57). These values were
obtained from the Rumack-Matthew nomo-
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TABLE 12.5. Risk of toxicity associated with serum acetaminophen concentration

Predicted serum acetaminophen concentration (/jg/mL)

Risk assignment 4-hr
Slight risk £120
Possible risk >120 and <200
Probable risk 2200

From ref. 56.

gram for acetaminophen poisoning (Hg.
12.6). Like the nomogram for salicylate poi-
soning, this graph should be used only for
a single acute ingestion, and only when the
approximate time of ingestion is known.
Blood samples for analytical determination of
acetaminophen should be drawn at least 4 hr
postingestion to permit complete absorption
and peak serum concentration. Then the pa-
tient’s serum acetaminophen concentration
can be plotted on the nomogram to assess the
probability of hepatic damage.

Since the time of ingestion is difficult to
establish in some poisonings, another way to
assess the possibility of hepatic damage is to
determine the patient’s plasma half-life of
acetaminophen. This is accomplished by mea-
suring at least three plasma concentrations and
plotting them to obtain a t|2 value. The normal

FIG. 12.6. Rumack and Matthew nomogram for
assessing the extent of acetaminophen toxicity.
(From ref. 56.)

or 8-hr or 12-hf
£60 £30

>60 and <100 >30 and <50
2100 250

serum acetaminophen half-life is 1to 3 hr and
will be prolonged after an overdose. When
using this method as an indicator for potential
liver toxicity, it is generally assured that if the
plasma t2 exceeds 4 hr, liver damage is likely
to occur. If the half-life is greater than 12 hr,
hepatic coma will probably ensue.

It is always hoped that acetaminophen-
poisoned patients will survive the events of
Stage 111. If they do, then Stage IV, the period
of resolution of hepatic injury, ensues, and
liver function tests generally return to normal.

Management of Poisoning

Prompt diagnosis and early treatment are
essential for assuring recovery from acute
acetaminophen poisoning. Early in the man-
agement protocol, as soon as poisoning has
become evident, gastric decontamination
should be undertaken to reduce the quantity
of acetaminophen present within the GI tract.
Decontamination includes ipecac-induced em-
esis, lavage, activated charcoal, and a cathar-
tic. The appropriate choice should be based
on time since ingestion, physical findings, and
presence of co-ingestants (39). For example,
if serum acetaminophen concentrations can be
determined within 8 hr postingestion, gas-
tric decontamination may not be necessary.
Ipecac-induced emesis or gastric lavage may
not be beneficial in reducing absorption in po-
tentially toxic doses of acetaminophen if used
more than 4 hr postingestion.

There is increasing evidence for effective
use of activated charcoal after acetaminophen
ingestions. It still remains a controversial
subject.

Although recent studies have shown that



ANALGESICS, ANTIPYRETICS, AND ANTI-INFLAMMATORY AGENTS

activated charcoal effectively adsorbs acet-
aminophen and reduces absorption, there are
other factors to consider. Since activated char-
coal is a nonspecific adsorbent, it will adsorb
almost any chemical in the GI tract, including
the specific antidote for acetaminophen, N-
acetylcysteine (57). If 7V-acetylcysteine is ad-
sorbed onto activated charcoal, it cannot be
absorbed sufficiently into the blood and its
effectiveness will be diminished. This may be
of more theoretical than practical importance.
In many instances, by the time "-acetylcys-
teine is administered, several hours have al-
ready elapsed since activated charcoal was
given. As long as the initial dose of JV-acetyl-
cysteine is given within the first 10 to 16 hrs
after ingestion of acetaminophen, the regimen
should be beneficial. Also, not all studies
show that activated charcoal significantly re-
duces A”-acetylcysteine blood concentrations
and, thus, concomitant use of activated char-
coal and 7"-acetylcysteine may be effective
(46,52).

As stated earlier, hepatotoxicity is not due
to acetaminophen, per se, but to a chemically
reactive toxic metabolite, NABQI, which ac-
cumulates when the amount of glutathione is
inadequate to convert NABQI to acetamino-
phen-3-mercapturic acid. The greatest poten-
tial for hepatotoxicity occurs when blood acet-
aminophen concentrations are in the area
above the line in the nomogram shown in Fig.
12.6. The logical response would be to simply
administer glutathione. Unfortunately, gluta-
thione does not enter hepatocytes and is, there-
fore, useless as an antidote. The next choice
is to administer a substance that will penetrate
hepatocytes and act as a substitute for glutathi-
one or increase its synthesis.

Several sulfhydryl-containing protective
agents have been studied, including methio-
nine, cysteamine (mercaptamine), dimercap-
rol, and D-penicillamine (16,26). Methionine
has also been shown to be effective in the
treatment of acetaminophen poisoning in hu-
mans. *-acetylcysteine and methionine afford
antidotal activity mainly by restoring intracel-
lular glutathione concentrations. Both com-
pounds require prior conversion to cysteine

281

(17). Besides enhancing synthesis of glutathi-
one, Af-acetylcysteine and methionine also
serve as a source of inorganic sulfur. This may
promote increased conversion of acetamino-
phen to its sulfate metabolite, as well as re-
duce formation of other metabolites including
the toxic intermediate, NAPQI-NAPQI (19).

Within the first 10 to 16 hr after poisoning,
a loading dose of 140 mg/kg of A™-acetylcys-
teine is given orally, followed by 70 mg/kg
every 4 hr for 17 to 18 doses (72 hr total). In
the event that the patient vomits the loading
dose or any of the maintenance doses within
1 hr of administration, a replacement dose is
given immediately and the patient continues
on the same schedule. When persistent vom-
iting occurs, */-acetylcysteine can be instilled
through a nasogastric tube.

Oral administration is, at least theoretically,
better than intravenous dosing (50). Argu-
ments in favor of giving the antidote orally
stress that substances that are absorbed from
the GI tract are transported immediately to the
liver. Moreover, if/V-acetylcysteine is injected
intravenously, less will be delivered initially
to the liver because it is distributed throughout
the body. It should be pointed out that a solu-
tion for intravenous use is available in Canada
and Europe, and studies confirm that it is also
effective (9).

The importance of beginning A/-acetylcys-
teine therapy early cannot be overemphasized.
Table 12.6 summarizes data from a study that
examined the effect on blood SGOT concen-
trations for .M-acetylcysteine given at different
times after acetaminophen ingestion. The data

TABLE 12.6. Effect of U-acetytcysteine on
blood SGOT* concentrations at different
times after acetaminophen ingestion

Initiation of

treatment No. of Mecin maximum
(time) patients SGOT (IU/L)

<10 hr 57 229

10-16 hr 52 1,557

16-24 hr 39 2.695
From rot. 56.

*8GOT, serum glutamate oxaloacetate transami-
nase.
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Institute standard overdose
procedure including gastric
lavage
Ingestion >4 hr
but <10 hr ago
Perform liver function
tests arxl give supportive
management based on
results of those tests
>100|ig/fnt <100ng/ml <100 (ig/ml Results >100 fig/ml
wHm
be known
belor 110 hr

Begin treatment

Give acetylcystetne in a
loading dose of t40 mg/kg,
then 70 mg/kg every 4 hr

FIG. 12.7. Flow chart for management of acetaminophen poisoning.

clearly substantiate a correlation between the
time treatment is initiated and increases in
SCOT concentrations, which should indicate
a relative degree of hepatotoxicity.
Throughout treatment, the patient is moni-
tored constantly for vital signs, blood chemis-
try, and hepatic function. The basic manage-
ment protocol is summarized in Fig. 12.7.

SUMMARY

Non-narcotic analgesics are commonly
used for minor pain management. They are
also a source of accidental and intentional
overdose. This chapter demonstrates that the
benign actions of this class of drugs are re-
placed by significantly toxic outcomes when
large quantities are ingested. In addition, the
toxicokinetic profiles are much different from
the pharmacokinetic features of these drugs.
Nomograms have been constructed to aid in
the clinical assessment of the toxicity potential

for this class of drugs, but they are useful only
for acute ingestions. '

Case Studies

CASE STUDIES: SALICYLATE
TOXICITY IN CHILDREN

History: Case 1

An 18-month-old boy weighing 10 kg was
brought to a local hospital because of fever,
irritability, hyperventilation, and hematem-
esis. He had been treated for the past 2 days
for an upper respiratory infection. His parents
said they gave him only one baby aspirin tab-
let every 4 to 6 hr. Because aspirin poisoning
was nevertheless suspected, a blood salicylate
test was ordered. When the blood salicylate
concentration was found to be SS mg/dL, he
was transferred to a larger medical center for
further assessment.
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TABLE 12.7. Laboratory findings

Na* =148 mEq/L
=7.2 mEq/L
HCOi =11 mEq/L
Glucose =87 mg/dL
BUN =158 mg/dL
Creatinine =3.9 mg/dL
wWBC =16,000/mm=*
PT =elevated
PTT =elevated
POO2 =20 mm Hg
pH =7.34
Blood salicylate =168 mg/dL

BUN, blood urea nitrogen; WBC, white
blood cells; PT, prothrombin time; PTT,
partial thromboplastin time.

On arrival at the second hospital, the patient
was lethargic, but arousable. Physical exami-
nation revealed signs of moderate dehydration
and temperature of 40.S°C. Systolic blood
pressure was 90 mm Hg, pulse was 220 beats/
min. and respirations were 70/min. Laboratory
values are listed in Table 12.7.

Treatment consisted of volume expansion
with saline, dextrose, and sodium bicarbonate.
Fifty grams of albumin per liter were added
to the intravenous fluid. The patient underwent
lavage with normal saline, and activated char-
coal and magnesium sulfate were added
through the nasogastric tube. He was given
100% oxygen and placed on a ventilator.

Due to onset of renal failure and persistence
of elevated serum salicylate concentrations,
peritoneal dialysis was initiated, using 1.5%
Impersol solution containing S% albumin.
Twenty-four hours later, the serum salicylate
concentration had decreased to 40 mg/dL and
the BUN was reduced to 34 mg/dL. After 48
hr, the serum salicylate concentration was
only 4 mg/dL and kidney function was mark-
edly improved. Dialysis was discontinued, and
the boy was showing signs of improvement
until 12 hr later when he became hypotensive
and signs of septic shock appeared (WBC =
5,400 mm” with a severe shift to the left). A
diagnosis of disseminated intravascular coag-
ulation (DIC) was made. Blood cultures grew
Escherichia coli. The victim died on the 4th
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hospital day, despite antibiotics and additional
supportive measures. (See ref. 7.)

History: Case 2

Twelve hours before admission to an emer-
gency facility, an otherwise healthy 5-year-
old boy complained to his mother of stomach
pain, and vomited. This was followed later
by difflcult, rapid breathing. He complained
further of ringing in his ears. His mother
found an empty bottle of adult aspirin tablets
and brought him to the hospital.

On arrival, he was lethargic but arousable.
There were signs of dehydration. Physical ex-
amination revealed rectal temperature, 102°F;
blood pressure, 110/65 mm Hg; pulse rate,
120 beats/min; and respirations, 45/min. Lab-
oratory values are listed in Table 12.8.

Overall, this patient’s condition was largely
unremarkable, and he survived after support-
ive therapy. (See ref. 61.)

Discussion

1. Patient 1 was given albumin by intravenous
infusion. What was its purpose?

2. Comment on the dose of aspirin the victim
in case 1 supposedly received. Is this prob-
ably all the aspirin he ingested? If so, what
were the complicating factors that caused
his serum salicylate concentration to rise
so high?

3. The victim in case 2 may have taken a
larger dose of aspirin than the victim in
case I, but his serum salicylate concentra-
tion was lower. Is this possible? If so, why?

4. Was either patient in metabolic acidosis?
How does this correlate to your under-

TABLE 12.8. Laboratory findings

Serum salicylate =61 mg/dL

Blood glucose =160 mg/dL

pCOj =25 mm Hg

pH =7.30

HCOi =15 mEq/L

Urine =scanty; pH 5.3, 3” ketonuria
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standing of the mechanism of salicylate
toxicity?

5. Patient 1 had a normal blood glucose con-
centration, whereas patient 2 had a blood
glucose concentration that was above nor-
mal. What are the factors that likely influ-
enced this value, and what accounted for
the difference?

CASE STUDY: SALICYLATE
TOXICITY IN AN ADULT

History

A 22-year-old woman who was feeling de-
pressed the night before she was admitted to
an emergency facility consumed a full glass
of vodka. She vomited throughout the night.
The following morning her husband tried un-
successfully to awaken her; he even immersed
her in a cold bath.

He then brought her to the hospital where
physical examination revealed an unrespon-
sive woman with blood pressure, 128/90 mm
Hg; pulse, 140 beats/min; temperature, 102°F;
and respirations, 40/min. She occasionally ex-
hibited spontaneous movements of her ex-
tremities. Other physical findings were unre-
markable. Laboratory findings are included in
Table 12.10. Information later revealed that
the patient had ingested approximately 250
aspirin tablets (325 mg each) during the previ-
ous night.

Treatment consisted of hydration and
forced alkaline diuresis. As shown in Table
12.9, the serum salicylate concentration de-
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creased to below the toxic level after approxi-
mately one day. (See ref. 27.)

Discussion

1. Does the initial serum salicylate concentra-
tion correspond to the amount of aspirin
tablets reportedly ingested as listed in Ta-
ble 12.9? If not, can you state reasons for
the discrepancy?

2. Would the glassful of vodka have caused
her clinical state? If she weighed 125
pounds, what would her maximum blood
alcohol level (BAG) have been? (See chap-
ter 4.)

3. Explain why this patient presented to the
emergency room in an alkalotic state.

CASE STUDY: ATTEMPTED
POISONING WITH ENTERIC-
COATED ASPIRIN

History

The patient was a 25-year-old woman with
a history of psychiatric disease and multiple
suicide attempts. She was taking tranylcypro-
mine sulfate, a monoamine oxidase inhibitor.
Approximately 4 hr before admission to a hos-
pital, she took 90 to 100 tablets of an enteric-
coated aspirin preparation, each containing
325 mg aspirin. She vomited several times
before admission, bringing up remnants of the
ingested tablets.

The patient was lethargic on admission.

TABLE 12.9. Serum salicylate concentrations and stage of consciousness, blood gases, and pH

Serum
salicylate
Hr after Level of concentration

admission consciousness (mg/dL)
(1] Comatose 140
4 Semicomatose 110
9 Awake-drowsy 94
15 Awake-drowsy 68
23 Awake-drowsy 46
32 Awake-alert 34

Krom ref. 26.

pOa POO2 HCO3
(mm Hg) (mm Hg) (mEq/L) pH
113 21 17.5 7.54
162 20 22 7.65
121 22.5 19 7.55
82 26 21 7.52
91 29 24 7.53
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TABLE 12.10. Laboratory findings

Na* =141 mEq/L
cr =112 mEq/L
K* =3.2 mEq/L
BUN =80 mg/L
Glucose =1,230 mg/L
PCO2 =20 mm Hg
pOs =123 mm Hg
Total Co02 =17 mEqg/L
pH =7.52

Blood pressure was 180/90 mm Hg; heart rate,
100 beats/min; and respirations, 28 to 34/min.
Her chest was clear. Laboratory values are
listed in Table 12.10. These values were con-
sistent with respiratory alkalosis and meta-
bolic acidosis. She also developed tinnitus and
hyperthermia.

Treatment was initiated with intravenous
saline and potassium chloride. Serial blood
specimens were drawn for serum salicylate
determinations.

Salicylate concentration 6 hr after ingestion
was 30 mg/dL. The rise in serum salicylate
was slow, with peak concentration being
reached after 24 hr. This remained elevated
for more than 3 days. Regular adult aspirin
tablets would have resulted in higher blood
salicylate concentrations at 6 hr, with peak
concentration reached in less than 24 hr post-
ingestion. Semm salicylate concentrations
were plotted on Done’s nomogram, and the
extent of severity of intoxication could not be
predicted. Based on the 6 hr concentration of
30 mg/dL, one might have erroneously pre-
dicted an asymptomatic event if it had been
assumed that she ingested regular aspirin tab-
lets. The patient actually developed moder-
ately severe symptoms. (See ref. 33.)

Discussion

1. Did the rate of rise of serum salicylate oc-
cur as you would predict, based upon what
you know about enteric-coated tablets?

2. List other factors that might have contrib-
uted to the slow increase in serum salicy-
late concentrations.
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CASE STUDY: SALICYLIC ACID
OINTMENT INTOXICATION

History

A 42-year-old man suffering from psoriasis
used a 40% salicylic acid ointment to cover
his hands and feet, and covered the treated
areas with an occlusive polyethylene cov-
ering. A 2% salicylic acid ointment was used
to treat affected areas on the rest of his body.

After the fourth application, all within 24
hr, the patient developed malaise associated
with deafness, flushing, and sweating. Serum
salicylate concentration was 72 mg/dL, and
other laboratory results revealed metabolic ac-
idosis. He had used a total of 300 g of 40%
and 150 g of 2% salicylic acid ointment.

The patient received forced alkaline diure-
sis. He recovered without further incident.
(See ref. 2.)

Discussion

1. List the substances that could be used to
promote forced alkaline diuresis. Outline
how alkalinization of urine assists in pro-
moting salicylate excretion?

2. Discuss the advantages and disadvantages
of forced alkaline diuresis, as opposed to
alkaline diuresis alone.

CASE STUDIES: POISONING
WITH ACETAMINOPHEN

History: Case 1

A 19-year-old woman ingested a bottle of
30 Tylenol Extra Strength tablets (500 mg
acetaminophen/tablet). Sixteen hours after in-
gestion she was brought to an emergency fa-
cility. She presented with nausea, vomiting,
and dizziness while standing. Her physical ex-
amination was unremarkable. She indicated
she had taken no other medicine and her health
was good. Serum acetaminophen concentra-
tion was 32 /xg/mL. Other laboratory findings
are shown in Table 12.11.
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TABLE 12.11.

Measurement 1 2 3

Prothrombin time (sec.

patient/control) 15/12 24/12 47/12
SOOT (U/mL) 197 910 3,000
SGPT (U/mL) 190 800 11,720
Alkaline phosphate

(U/mL) 97
LDH (U/mL) 261
Bilirubin (n>AdL, total/

direct) 2.511.5 4.2* 4.9
Creatinine (mg/dL) 0.7 1.0
BUN (mg/dL) 7 5 7
Sodium (mEq/L) 145
Potassium (mEg/L) 4.2
Chloride (mEq/L) 109
COg (mEg/L) 12

Hemodial*is
performed (X)

From ref. 28.

SQPT, serum glutamate pyruvic transcuninase; LDH,
*Total bilirubin only.

*Quantity of blood not sufficient for test.

At this point, approximately 20 hr postin-
gestion, an A”-acetylcysteine antidote protocol
was initiated. Liver enzyme levels rapidly re-
turned to normal. She continued to complain
of abdominal discomfort and cramping.

Four days later there were signs of kidney
failure (see Table 12.11). She became lethar-
gic, and urine output was diminished. Hemo-
dialysis was started on the 7th hospital day
because of signs of increased metabolic acido-
sis and azotemia. Two days later she entered
the diuretic phase of acute tubular necrosis.
Serum creatinine concentrations decreased
over the next few days.

The patient was discharged about two
weeks after hospitalization. (See ref. 28.)

History: Case 2

A 3-year-old girl was in otherwise good
health except for a slight cough. Her mother
administered a single dose of cough prepara-
tion containing dextromethorphan hydrobro-
mide. The next day the child told her mother
she had taken some acetaminophen (Tylenol)
tablets. She appeared in good health except
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Laboratory values associated with art acute acetaminophen overdose

Days after ingestion

4 5 6 8 13 18
29/12 17112 14/12 13/12 11/12 11/12
50 30 40
5,500 1,170 178 64
3.6
N.D.* 6.0 8.1 11.3 3.5 1.2
46 59 79 31 23
134 138 145 151
2.8 3.4 4.4 4.5
92 104 110 112
13 9 20 23
X

lactate dehydrogenase.

for slight weakness and unsteadiness while
walking, and went to bed as usual. No other
medications were given to the child.

The next morning the child awakened and
complained of a headache. She vomited four
times. She was pale and very lethargic.

On admission to a hospital she was de-
scribed as shaky, vomiting, lethargic, and
sleepy. She also had decreased consciousness.
Hepatomegaly was present, but there were no
signs of liver disease, jaundice, or hepatitis.
Physical examination revealed normal pulse
rate, blood pressure, and temperature. A pre-
sumptive diagnosis of Reye’s syndrome was
made and she was transferred to a larger medi-
cal center.

Physical examination confirmed the previ-
ous findings. Laboratory results showed a he-
moglobin content of 10.5 g/dL and WBC
count of 10,800 mm’ with 80% banded neu-
trophils. Serum electrolytes, BUN, calcium,
phosphate, and albumin levels were all within
normal limits. Blood glucose was ISO mg/dL
and ammonia concentration was 88 pg/dL.

A toxicology drug screen showed the pres-
ence of salicylate at 4.8 mg/dL and acetamino-
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TABLE 12.12. Laboratory values indicating the degree and time course of toxicity associated
with acute acetaminophen intoxication

Time after
ingestion Acetaminophen SGOT SGPT LDH Prothrombin Totai biiirubin
(days) (/xg/mL) (lU/mL) (lU/mL) (lU/mL) time (min) (mg/dL)
1 96 617 557 497 1.3 1.0
2 26 - - - - -
3 20.376 13.303 11.640 1.6 1.3
4 2.967 5.772 533 1.3 11
5 761 4.093 300 0.8 0.9
50 52 30 234
From ref. 4.

phen at 96 /xg/mL. Table 12.12 lists the sig-
nificant response observed with the liver
enzymes, and prothrombin time for this pa-
tient until she was released on the 7th hospital
day. The parents estimated that she had proba-
bly ingested about 35 acetaminophen tablets
(325 mg each).

The patient received intravenous fluids with
glucose and hydrocortisone added. 7V-acetyl-
cysteine was not given.

This case is especially interesting from two
standpoints. First, the liver enzyme concentra-
tions (Table 12.12) were reported to be the
highest ever reported by the hospital. Second,
the young girl did not receive the standard
treatment protocol, and survived without ap-
parent sequelae. On further examination, ap-
proximately 7 weeks after discharge, all he-

patic enzymes were within normal limits. (See
ref. 4.)

History: Case 3

A 6-week-old boy was admitted to a hospi-
tal. He had a 2 hr history of extreme lethargy
and unresponsiveness. For the past 48 hr he
was irritable and had a slight fever. He had a
history of intermittent vomiting and diarrhea
since birth, but these worsened over the past
48 hr. A parent had been administering acet-
aminophen drops (Tempra), 0.3 mL every 4
hr, and acetaminophen drops (Tylenol), 0.6
mL every 4 hr, during that time. On the morn-
ing of admission the boy was lethargic, but
arousable.

Physical examination revealed a completely
unresponsive child. Respirations were normal
at 40/min; pulse, 132 beats/min; and rectal
temperature, 36.1°C. The infant appeared to
be well nourished, and was not dehydrated.
The only physical abnormality was a palpable
liver edge at 4 cm below the right costal
margin.

Laboratory values showed blood glucose, 5
mg/dL; prothrombin time, 53 sec (control: 28
sec); SCOT, 2,350 1U/L; SGPT, 825 1U/L;
lactic dehydrogenase, of 3,000 1U/L, alkaline
phosphatase, 380 1U/L; and total bilirubin, 1.1
g/dL. Plasma acetaminophen concentration
was 119 mg/L.

The infant received intravenous glucose and
consciousness improved rapidly. At 4 hr he
was fully responsive to stimuli. He was started
on the standard 17-dose protocol of A™-acetyl-
cysteine.

Clinical improvement overall was rapid and
progressive. Liver function returned to near
normal by the 5th hospital day. The child was
discharged on the 11th hospital day in good
condition. A follow-up visit was scheduled
for 2 weeks. The parent failed to keep the
appointment, and the child was unavailable
for further examination. (See ref. 20.)

Discussion

I. In case 1, there seemed to be more renal
toxicity than hepatic damage. The antidote
was not even administered for 20 hr after
ingestion. Is there any special reason for
this?
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2. Were the blood acetaminophen concentra-
tions in the three cases within the toxic or
nontoxic range?

3. Would you have suspected hepatic coma
to develop in case 2?

4. Based on information presented in the his-
tories, did all patients show signs and
symptoms of all the phases usually de-
scribed for acetaminophen toxicity?

5. In case 3, the infant received two prepara-
tions of acetaminophen concurrently. The
parent reportedly gave one for irritability,
and the other for fever. How can health
professionals reduce the chance of this
from happening?

CASE STUDY: ACETAMINOPHEN
HEPATOTOXICITY IN AN
ALCOHOLIC

History

A 39-year-old male alcoholic was hospital-
ized with submandibular infection after a frac-
ture. On admission, laboratory values for
aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and lactic dehydro-
genase were 5640 1U/L, 354 1U/L, and 655
IU/L, respectively. Bilirubin was 16.5 mg/dL,
and alkaline phosphatase, 386 1U. Prothrom-
bin time was 21 sec (control 10.6 sec). Be-
cause these laboratory values were not consis-
tent with alcoholic liver disease, the patient
was questioned for other causes. He admitted
to ingesting 3.8 g acetaminophen (approxi-
mately 21 g total) each day for the past week.

The patient was treated with hemoperftision
because of incipient hepatic encephalopathy.
By day 4, AST and ALT values were 925 and
647 1U/L, respectively. Bilirubin was 35 mg/
dL, and the prothrombin time, 16.1 sec (con-
trol: 10.9 sec). Hemoperfusion was stopped.
His condition improved slowly during the next
several days and he was discharged without
sequelae. (See ref. 58.)

Discussion

1. This patient ingested approximately 21 g
acetaminophen over a week, which is
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hardly a toxic dose in normal individuals.
Suggest reasons why he became intoxi-
cated from this dose.

2. Review the procedure for hemoperfusion.
Do you think hemodialysis would have
been as effective? Why or why not?

CASE STUDY: IBUPROFEN-INDUCED
COMA

History

A comatose woman, age 50, was brought
to an emergency facility. She was last seen
conscious by her family 12 hr earlier. She had
a history of cardiovascular disease and was
taking warfarin, furosemide, digoxin, capto-
pril, and potassium supplementation.

The patient's pulse was 112 beats/min, with
respirations 16/min, and temperature 32°C.
Neurologic examination revealed that she was
completely unresponsive to verbal stimuli.
Extremities moved without purpose to nox-
ious stimuli. Muscle tone was increased in
all extremities, and deep tendon reflexes were
normal. Pupils were constricted, yet reactive,
and the corneal reflex was present. Laboratory
values were unremaritable; arterial blood pH
was 7.2 Toxicologic screening was negative
for ethanol. Acetaminophen concentration
was less than 10/rg/L, salicylate concentration
was 2.4 mg/dL, and serum digoxin was 1.1
ng/rtiL. All other drugs screened for were
negative.

She was resuscitated with endotracheal in-
tubation and mechanical ventilatory support.
Naloxone, 0.8 mg, was given without re-
sponse. Mannitol was administered. A CT
scan ruled out traumatic brain injury as a cause
of coma.

She regained consciousness shortly and ad-
mitted taking 40 to 60 ibuprofen tablets (600
mg each) shortly after her last family visit, in
a suicide attempt.

Four hours postadmission she was able to
respond to verbal stimulation. By 7 hr, she
was alert and oriented, and therefore, was ex-
tubated. She experienced gastrointestinal
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bleeding and her hematocrit fell from 42% to
36%, but stabilized at 36% without transfusion
by the second day. Renal assessment revealed
nonoliguric renal failure with mild deteriora-
tion in renal function. Her increased creatinine
level returned to baseline within 4 days. She
recovered without adverse sequelae, and was
discharged later. (See ref. 10.)

Discussion

1. This case illustrates that toxic symptoms
of ibuprofen overdose are quickly reversed
with only supportive treatment. Discuss the
major reason(s) for this quick response.

2. Ibuprofen is bound to plasma protein to the
extent of 99%. Comment on the validity
of using alkaline diuresis, hemodialysis, or
hemoperfusion to increase drug elimina-
tion in ibuprofen overdoses.

Review Questions

1. All of the following statements about as-
pirin-induced toxicity are true except:

A. Salicylates increase oxygen consump-
tion by increasing cellular metabolic
rate.

B. Metabolic acidosis occurs, in part,
when oxidative phosphorylation is
uncoupled.

C. Hyperglycemia is the usual outcome
of chronic salicylism.

D. The kidney attempts to compensate
for decreasing HXCO3 levels by excre-
ting HCOJ.

2. After ingestion of a toxic acetaminophen
dose, at which of the following periods
does hepatocellular toxicity begin?

A. Stage I

B. Stage I

C. Stage 1II

D. Stage IV

3. Activated charcoal reduces the systemic
absorption of acetaminophen.

A. True

B. False

10.

. Which of the following is a logical treat-

ment for ibuprofen overdose: Syrup of ip-
ecac (I); acetylcysteine (II); potassium
chloride (II1)?
A. T only

B. II only

C. T'and II only

D. I, I and III

Which of the following is contraindicated
in treating a toxic dose of acetylsalicylic
acid?
A. Syrup of ipecac

B. Oral fluids

C. Saline cathartics

D. None of the above

Salicylate blood concentrations are con-
sidered to be lethal at the point when
which of the following concentrations is
exceeded?
A. 45 to 64 mg/dL

B. 65 to 90 mg/dL

C. 90 to 120 mg/dL

D. Greater than 120 mg/dL
Tinnitus is an early warning signal of as-
pirin and acetaminophen toxicity.
A. True

B. False
Which of the following can be given to
treat acetaminophen toxicity: Glutathione
(I), /V-acetylcysteine (II), methionine
11my?
A. 1I only

B. T and II only

C. II and III only

D. I, I and I
At which ofthe following blood salicylate
concentrations are most patients consid-
ered to be asymptomatic?

A. 25 mg/dL

B. 55 mg/dL

C. 65 mg/dL

D. 75 mg/dL

Early toxic manifestations of salicylate
poisoning are due to an action on which
of the following target organs?

A. CNS

B Heart

C. Liver

D. Kidney
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11.

12.

13.

14.

15.

16.

17.
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The elimination half-life of ibuprofen is

closest to which of the following?

A. 0.5 hr

B. 1 hr

C. 2hr

D. 4 hr

Which of the following is true about oil

of wintergreen?

A. One teaspoonfiil contains approxi-

mately 4 g of salicylate.

One teaspoonfiil is a potentially lethal

dose to a child.

C. Both A and B are true.

D. Neither A nor B are true.

Conversion of acetaminophen to its toxic

metabolite via the cytochrome P40 mech-

anism is an example of what specific type
of enzymatic conversion?

A. Glucuronide formation

B. Sulfate formation

C. Oxidation

D. Reduction

Concerning salicylate intoxication, which

of the following is correct?

A. Moderate toxicity usually appears

when a single oral dose of 200 mg/kg

is ingested.

Blood salicylate concentrations less

than 40 mg/dL usually correlate with

an asymptomatic episode; except in
the case of chronic salicylism.

. Children under five years are at great-
est risk of acute toxicity and usually
display metabolic acidosis.

D. All of the above are correct.

E. A & B are correct.

Ethanol potentiates acetaminophen toxic-

ity because it:

A. Inhibits reductase enzymes

B. Stimulates reductase enzymes

C. Inhibits oxidase enzymes

D. Stimulates oxidase enzymes

Explain why a patient is in greater danger

of serious damage from a toxic dose of

acetaminophen if he has been using alco-
hol or barbiturates.

Discuss the reasons why potassium chlo-

ride is sometimes given to persons treated

for aspirin intoxication.

B.

18.

19.

20.

21.

22.

23.

24.

10.

11.

12.

Cite at least two reasons why the chance
for lethal toxicity is more potentially
severe with acetaminophen than with
aspirin.

Discuss the physiologic event known as
compensated respiratory alkalosis, which
occurs after a toxic ingestion of aspirin.
Discuss the factors that lead to salicylate-
induced ketoacidosis. Would you expect
the anion gap to be normal or increased?
Discuss the probable mechanism associ-
ated with ibuprofen-induced toxicity.
List all the reasons why ibuprofen is
claimed to be relatively safe when taken
in overdosage.

If the time since ingestion of acetamino-
phen is unknown, how can one estimate
the probability of hepatic damage?
Outline the role of cimetidine in treating
toxic acetaminophen ingestion.
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When considering overdoses of opioids (nar-
cotics), heroin (diacetylmorphine) is probably
the fii"t drug that comes to mind, and we pic-
ture users as long-term habitual drug abusers
of low socioeconomic status. This association
is actually unjustified, since victims of opioid
overdose may be any age and represent all
social and economic levels, and the drug may
be obtained by illicit means or legally obtained
by prescription (18).

It does appear that, even though the number
of opioid abusers (estimated at 500,000
Americans) is high, the overall frequency of
emergency department visits involving these
agents has reached a plateau (26). Newer
semisynthetic and synthetic opioids have
gained popularity as drugs of abuse. For ex-
ample, the surge of T's and blues abuse that
began in the late 1970s involves the combina-
tion of pentazocine (Talwin) and tripelenna-
mine (Pyribenzamine). Another example of
street pharmacology is the use of a combina-
tion of glutethimide (Doriden) and codeine,
known as Loads or Sets. By combining
opioids and other centrally acting drugs, vic-
tims suffering from acute toxicity exper-
ience a greater array of effects. Additionally,
propoxyphene, diphenoxylate, codeine, and
methadone continue to be encountered in
acute intoxication, both from accidental inges-
tion of drugs used legitimately, as well as from
illicit use. An overdose involving any one of
these soft drugs can be just as life-threatening
as an overdose of morphine or heroin, and
victims must receive the same treatment mea-
sures to assure their recovery.

Many attempts have been made to develop
an analgesic that is as potent and effective
as morphine, but lacks significant respiratory
depression action and is less likely to produce
physical dependence. It was first anticipated
that drugs such as methadone, pentazocine,
propoxyphene, and meperidine, would not
cause as much dependency as morphine. Un-
fortunately, these synthetic analgesics contrib-
uted to the significant problem of chemical
dependence and are implicated in many acute
drug intoxications. Also, there is always the
danger of accidental ingestion of toxic doses

OPIOIDS

ofthese compounds. This is especially true for
the children ofparents who are participating in
a methadone maintenance program (2).

Another menace to street use of pharmaceu-
ticals is the increase in fraudulent prescrip-
tions and increase in thefts and burglaries of
pharmacies and physicians’ offices. Increased
use of these drugs seems to be related to the
supply and potency of heroin. In 1978, the
purity of heroin on the street plunged to a
concentration reported as low as 2%. Al-
though this is not the all-time low reported for
street heroin potency, there was definitely a
concurrent increase in the use of other sub-
stances, such as pentazocine, hydromorphone,
and meperidine.

The differences between naturally oc-
curring opioid alkaloids and semisynthetic and
synthetic opioids are minimal when dealing
with an acute toxic episode. Differences are
related primarily to individual pharmacoki-
netic properties of the drugs. There are very
few differences in characteristic signs and
symptoms of acute overdose within this class
ofdrugs. However, there are significant differ-
ences among the various opioids. Concerning
treatment, naloxone (Narcan) is a pure antago-
nist that can reverse the effects of all opioid
intoxications. The variability of effectiveness
of this antagonist is a function of the pharma-
cokinetic properties of the toxic substance.

The naturally occurring and semisynthetic
opioid alkaloids are derivatives of phenan-
threne. Structural differences are noted in Ta-
ble 13.1. The natural opium alkaloids have
been used for centuries. The familiar dried
exudate of the unripened seed pod of the Asian
poppy plant, Papaver somniferum, contains at
least 25 different alkaloids. The phenanthrene
derivatives, morphine and codeine, are the two
major naturally occurring opioids.

Acetylation of morphine at the C-3 and C-
6 positions produces one of the most potent
semisynthetic opioid alkaloids, heroin. Other
semisynthetic derivatives of morphine include
the morphons, e.g., hydromorphone (Dilau-
did); oxymorphone “umorphan); codons,
e.g., hydrocodone (Hycodan); and oxycodone
(Percodan), formed by oxidation of the alco-
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TABLE 13.1, Naturally occurring artd semisynthetic opiate alkaloids and antagonists

R 7,8
Phenanthrene nucleus
Morphine -OH —OH —H Present
Methylmorphine —O-CHj —OH H Absent
(Codeine)
Hydrocodone —O-CH, (o] —H Absent
(dihydrocodeinone)
Oxycodone -0 —CH, =0 -OH Absent
Oxymorphone —OH =0 —OH  Absent
Hydromorphone —OH =0 —H Absent
Diacetylmorphine 0 0 —H Present
(heroin) 1 1
-0-C-CH, -0 -C —CH,
Naioxone* —OH =0 -OH Absent

«C,—CHi—CHj=CHj.

holic hydroxyl at the C-3 position to a keto
group and saturation of the double bonds be-
tween C-7 and C-8 (8,9). It is interesting to
note that substituting an allyl group at the C-
17 position produces A”-allyl-normorphine, an
antagonist to morphine and other opioids.

MECHANISMS OF TOXICITY AND
CHARACTERISTICS OF ACUTE
OPIOID POISONING

Although this chapter includes various
groups of drugs, all opioid derivatives have
the potential to produce severe toxicity that is
dependent on the dose and route of adminis-
tration. The mechanisms by which they pro-
duce their toxic effects are similar. To under-
stand them, their pharmacologic effects will
be reviewed briefly.

It has been postulated that toxic effects are
related to different actions of these drugs at
various opiate receptors in the CNS (33). A
listing of some opioids and their associated
receptor sites is shown in Table 13.2. Clinical
responses of analgesia, euphoria, respiratory
depression, and miosis are believed to result
from occupation of the /i-receptors. A dif-

ferent type of analgesia results when the k-
receptors are involved, and the psychogenic
effects, such as dysphoria, delusions, and hal-
lucinations, result from opioid action at the a-
receptors (11,28,29).

Acute opioid toxicity may result from a va-
riety of situations. These include intentional,
accidental, or therapeutic overdose of pre-
scribed medications. Whatever the reason, the
toxicologic effects are basically the same.
However, trying to generalize the outcomes
from acute opioid overdose is difficult since
there is significant individual variability to
these drugs and rapid production of tolerance.
The most common characteristics of acute
opioid toxicity are listed in Table 13.3.

Signs and symptoms associated with acute
opioid overdose usually begin within 20 to 30
min after oral ingestion and within minutes
after parenteral administration. The most sig-
nificant effects involve opioid action on the
CNS. Nausea and vomiting are also among the
first symptoms noted. Vomiting results from
stimulation of the chemoreceptor trigger zone
(cTz) and is less likely to occur if the victim
is kept in the recumbent position.

The most obvious and severe toxic effect
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TABLE 13.2. Opkrid receptors for possible toxic action
Receptor Opioid Clinical effect
mu Morptiine-like analgesics Analgesia
Euphoria
Respiratory depression
Miosis
kappa Pentazocine Analgesia
Nalorphine Sedation
Cyduocine (morphine-like analgesics may have Miosis
some kappa activity)
Levallotphan
sigma Pentazodne Dysphoria
Cyclazocine - Delusions
Nalorphine Hallucinations

of opioid poisoning is central depression. The
victim is usually asleep or in a stuporous con-
dition. The extent of CNS depression and its
duration will vary according to the opioid in-
volved, the quantity, and route of administra-
tion. For a large overdose, the victim rapidly
lapses into coma and is not arousable by ver-
bal or painful stimuli.

It is believed that when these drugs bind to
specific opiate receptors there is an alteration
in the release of central neurotransmitters
from afferent nerves, which are sensitive to
noxious stimuli. The highest concentration of
receptors appears to be in the limbic system
(38). This interaction with opioids on the lim-
bic system produces euphoria, tranquility, and
other mood alterations. The site of sedative/
hypnotic action is the sensory area of the cere-
bral cortex.

In acute overdose, respiration will be se-
verely depressed to a rate as low as 2 to 4 per
min. Cyanosis becomes apparent and many

TABLE 13.3. Characteristics
of opioid toxicity

CNS* depression—coma
Respiratory depression
Pulmonary edema
Hypothermia
Miosis
Bradycardia
Hypotension
Decreased urinary output
Decreased gastrointestinal motility

*CNS, central nervous system.

victims have a frothy pulmonary edema. In
humans, death from an acute opioid overdose
is almost always from respiratory arrest. When
there is high concentration of dmg in the me-
dulla and brainstem, there is decreased sensi-
tivity of the brainstem respiratory centers to
increases in carbon dioxide, and, in the me-
dulla, there is depression of the rhythm of
respiration (9,44).

Respiratory depression with acute overdose
is further complicated by bradycardia and hy-
potension. There are two possible explana-
tions for the decrease in heart rate. One theory
suggests that opioids stimulate the vagal cen-
ters. The other suggests that there is selective
depression of the supramedullary centers
which can lead to suppression of autonomic
reflexes. During acute poisoning, blood pres-
sure is normally not greatly affected. Hypoten-
sion usually occurs in the later stages of poi-
soning and results from hypoxia (9).

Pinpoint pupils (miosis) are usually consid-
ered to be the classical sign ofnarcotic poison-
ing. Tolerance to miosis does not occur. In
some overdoses, however, the pupils may not
be constricted, due to asphyxiai changes re-
sulting from decreased pulmonary oxygen ex-
change. Therefore, the pupils relax and dilate.
When mydriasis occurs, the victim’s progno-
sis is grave.

The body temperature usually decreases
and the skin feels cold and clammy. This is
due to suppression of the hypothalamic heat-
regulatory mechanisms. Skeletal muscles also
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become flaccid and sometimes the jaw relaxes.
The tongue may even fall back to block the
airway. There is decreased urinary output,
which can be related to release of antidiuretic
hormone (ADH).

Gastric motility and tone of both small and
large intestines may be decreased, resulting in
severe constipation. In the case of massive
overdose, convulsions may occur due to stim-
ulation of the cortex.

E>eath, even in an addict, is almost always
due to respiratory failure, complicated by such
factors as pneumonia, shock, and pulmonary
edema. The usual triad of coma, pinpoint pu-
pils, and depressed respiration strongly sug-
gests an opioid overdose, but accurate diagno-
sis also depends on the individual's history
and evidence of prior drug misuse.

MANAGEMENT OF TOXICITY

Opioid ingestions frequently delay gastric
emptying. Thus, in acute overdose, as long as
the patient is alert, emesis should be per-
formed. If the patient is obtunded, gastric la-
vage is indicated.

Since victims of opioid overdoses are often
comatose with depressed respiration, the ma-
jor treatment objective is to support and main-
tain vital functions. Therefore, the flrst step is
to provide adequate respiratory assistance and
cardiovascular support.

Opioid overdoses are treated readily with
an ideal direct antagonist. The use of an antag-
onist brings about dramatic improvement in
respiration within minutes. Overall, the antag-
onist will reverse CNS depressant, analgesic,
convulsant, psychotogenic, and dysphoric ac-
tions of opioids (35,43).

Levallorphan is an opioid antagonist, but it
has partial agonist action. Major disadvan-
tages to its use are with semicomatose or co-
matose individuals, in whom CNS depression
is not due to an opioid, or in whom depression
is partially due to some other CNS depressant,
such as alcohol or barbiturates. In these cases,
the partial agonistic activity may produce ad-
ditive depressant effects. Mixed poisonings
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are common. For this reason, a pure antagonist
is preferred.

Naloxone was the first pure opioid antago-
nist, and it is considered the drug of choice
for treatment of opioid intoxications. Dra-
matic improvement in respiration is seen
within minutes after it is administered. Its pu-
rity as an antagonist, though, has been chal-
lenged. Limited data indicate that it may also
possess some degree of agonist activity (12).

The recommended initial dose of naloxone
is 0.4 mg for adults and 0.01 mg/kg for chil-
dren. Several doses may be given at 2- to 3-
min intervals. If CNS depression is due to an
opioid, coma and respiratory depression will
be resolved with 1to 2 min. If it is not due
to an opioid, naloxone will not worsen the
existing condition. Since it has a short half-
life of 60 to 90 min, and usually causes no ill
effects in a patient without an opiate overdose,
a 2-mg bolus may be given and, if necessary,
repeated within S min. Twenty to 24 mg may
be required for severe opioid intoxication.

Table 13.4 lists half-lives of representative
opioids. It should be noted that for substances
with long half-lives, larger doses of naloxone
are frequently required. For example, acute
oral ingestions of a toxic dose of a long-acting
opioid, such as methadone or propoxyphene,
will be managed better by continuous infusion
of naloxone rather than by bolus administra-
tion (35). The reason for continuous infusion
is based on the fact that respiratory depres-
sion may recur because of naloxone’s short
half-life.

Comatose patients must be aroused as
quickly as possible. If hypoxia persists and
adequate tissue oxygenation is not achieved
quickly, capillary damage followed by shock
is likely to ensue.

Patients with pulmonary edema are at spe-
cial risk. Diuretics, digitalis, steroids, and anti-
histamines have all been recommended as
supportive therapy. However, all have doubt-
ful efficacy.

Respiratory depression lasts much longer
than the antagonistic effects of naloxone. The
patient must, therefore, be closely monitored
for at least the next 24 to 48 hr. If depressed
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TABLE 13.4. Comparison of opioids
Blood concentrations
Equianaigesic Plasma half-life Therapeutic Toxic

Narcotic dose (mg) (hr) (pg/dL) (pg/dU) Lethal
Morphine 10 2.5-3 1-7 10-100  >400 fiQiriL
Codeine 120 3-4 1-12 20-50 >60 ng/dL
Heroin 3-4 2.5-3 — 10-100  >400 /igTdU
Methadone 8-10 15 single dose 30 -100 200 >400 iig/s L

22-25 maintenance

Propoxyphene 240 about 12 5-20 30-60 80-200 figfdL
Meperidine 80-100 3-4 30-100 500 1-3 mg/dL
Pentazocine 30-50 2-3 10-60 200-300  1-2 mgTdL
Hydromorphone 1.5 . 2-4 0.1-3 10-200  >300 pg/dL
Oxycodone 15 - 1-10 20-500 —

respiration reappears, additional naloxone is
necessary. Naloxone should ideally be used
only to return respiration to normal. Other
symptoms can usually be managed by other
means. A victim of overdose who is breathing
normally does not need naloxone.

NATURALLY OCCURRING OPIOIDS
Codeine

Codeine, or methylmorphine (see Table
13.1), possesses analgesic and antitussive
properties. It is less potent than morphine, i.e.,
120 mg of codeine produces the same degree
of analgesia as 10 mg of morphine. Also, tol-
erance does not develop as rapidly with co-
deine compared to morphine.

Toxicity and death due to codeine alone are
infrequently encountered. The lethal dose is
between 500 mg and 1 g Acute toxic inges-
tions of codeine produce the typical triad of
symptoms seen with morphine; coma, miosis,
and respiratory depression.

Codeine is usually taken in combination
with other drugs, including analgesics, antihis-
tamines, expectorants, or sedatives. When in-
gested concurrently with other agents, the
toxic dose is lower (2S). Besides the legitimate
pharmaceutical preparations available, users
of illicit preparations have also found that the
combination of codeine with glutethimide
taken orally may produce euphoria compara-
ble to heroin, lasting about 6 to 8 hr.

SYNTHETIC OPIOIDS
Diphenoxylate

Diphenoxylate is a meperidine congener
used in combination with atropine in an antidi-
arrheal preparation (Lomotil). The therapeutic
dose is 20 mg daily (adults), and 3 to 10 mg
daily (children). Despite the fact that diphe-
noxylate is not indicated for children under
age 2, accidental and therapeutic intoxications
are a problem (36). Unfortunately, most peo-
ple do not view diphenoxylate products as ex-
tremely toxic, so they leave them carelessly
unattended on bedroom tables or elsewhere
where children have easy access to them.

There is an extremely narrow dose range
between therapeutic and toxic blood concen-
trations (Therapeutic Index; See chapter 1) in
children. Although part of the toxicity prob-
lem with diphenoxylate products in children
is due to the opioid component, a large portion
is due to the anticholinergic activity of atro-
pine. This is discussed in further detail in
chapter IS.

Acute intoxications, especially in children,
are characterized primarily by anticholinergic
effects. These may consist of hyperpyrexia,
flushing of the skin, lethargy, hallucinations,
urinary retention, and tachycardia. This phase
is followed by miosis, respiratory depression,
and coma due to the opioid activity. Symp-
toms are highly variable and dose dependent.
The quantity of atropine contained in each Lo-
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motii dose is subtherapeutic, although it will
cause anticholinergic side effects, and these
are magnified when taken in overdose.

Fentanyl (Sublimaze)

This is a synthetic opioid agonist that was
initially introduced for short-term use as an
anesthetic in 1%8. As a prototype for this
category of opioids, other fentanyl derivatives
have been synthesized for medicinal uses; all
have a much greater analgesic action than
morphine. In 1980, a variety of fentanyl deriv-
atives appeared on the street under the name
China White. One derivative, 3-methylfen-
tanyl, has been responsible for more than 100
overdose deaths in California alone since
1979, and in one county in Pennsylvania more
recently (14,15).

Several fentanyl derivatives have surfaced
on the illicit market as designer drugs. The
term applies to synthetically modified con-
trolled substances, such as fentanyl, meperi-
dine, or amphetamine, using commonly avail-
able industrial chemicals in the manufacturing
process to avoid the Federal Controlled Sub-
stances Act. Therefore, these drugs were tem-
porarily legal (6). Alpha-methylfentanyl is
200 times as potent as morphine, and the mini-
mum lethal dose is about 12S fig. 3-Methyl-
fentanyl is 7,000 times as potent as mor-
phine, and the minimum lethal dose is
reported at 5 fxg

As with other opioids, the most significant
acute toxic effect of fentanyl derivatives is
respiratory depression, which is dose-depen-
dent and may last up to 30 min. The hemody-
namic effects include bradycardia and hypo-
tension. The remaining characteristics of
toxicity include chest wall rigidity, nausea,
vomiting, hypothermia, and seizures.

Meperidine

Meperidine hydrochloride (Demerol) is a
pure opioid agonist that was described initially
in 1939 as an anticholinergic drug. It was the
first synthetic opioid to be marketed. Today,
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it is one of the most commonly used opioid
analgesics. Its structure is dissimilar to mor-
phine, but similar to fentanyl (Table 13.5).
Like other opioids, meperidine exerts pharma-
codynamic actions by binding to opioid recep-
tors, particularly the K-receptor. A 75 to 100
mg dose of meperidine, given parenterally,
will produce an equianalgesic response to 10
mg morphine. Since meperidine undergoes
first-pass metabolism, oral administration pro-
duces less than one-half the total analgesic
response compared to parenteral administra-
tion. When meperidine is prescribed for post-
operative or chronic pain, it is often necessary
to increase the dose to maintain the therapeu-
tic response. However, a potential problem
may result from cumulative doses of meperi-
dine, which is related to its pharmacokinetic
properties and described below.

Meperidine is metabolized in the liver by
two pathways (31). The first involves hydroly-
sis by carboxyesterase to meperidinic acid.
The other involves *-déméthylation by micro-
somal enzymes to normeperidine, an active
metabolite. Elimination half-lives for meperi-
dine and normeperidine are 3 to 6 hr and 24
to 48 hr, respectively (40). Since normeperi-
dine has a longer t|//2, repeated administra-
tion of meperidine will result in elevated
normeperidine/meperidine ratios.

Normeperidine has been shown to have
one-half the analgesic activity, but two times
the convulsant activity of meperidine (30).
When meperidine is administered orally, the
normeperidine/meperidine ratio is higher,
compared to parenteral administration. This is
related to the high first-pass effect, also (39).
Normeperidine concentration also accumu-
lates with impaired renal function and in can-
cer patients. Neurotoxicity of normeperidine
is manifest by signs of CNS stimulation, in-
cluding tremors, twitching, multifocal myoc-
lonus and seizures. These signs can be
correlated directly to normeperidine concen-
trations, and generally appear after several
days of meperidine use (1,13,19). Unfortu-
nately, normeperidine toxicity is often unrec-
ognized, but should be considered in patients
receiving large doses of meperidine.
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TABLE 13.5. Synthetic opiates: phenyipiperidine type
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R
Meperidine —H
Alphaprodine —CH,
Diphenoxylate
Fentanyl

Treatment of noimeperidine toxicity con-
sists of discontinuing use of meperidine and
giving a benzodiazepine derivative to reduce
CNS excitation. Naloxone should be given
carefully, if at all, because it may increase
the incidence of seizures (19). Normeperidine
toxicity may be prevented by avoiding pro-
longed administration of meperidine, espe-
cially in patients with impaired renal func-
tion (1).

A meperidine analog, l-methyl-4-phenyl-
1,2,5,6-tetrahydropyridine (MPTP) has ap-
peared on the street among intravenous drug
abusers. It was sold as a new synthetic heroin.
Use of MPTP has been associated with a se-
vere form of paridnsonism (33,41). It has been
shown to cause selective destruction of the
substantia nigra (7,23). All patients responded
to therapy with a combination of L-dopa and
caibidopa (Sinamet).

Pentazocine

Pentazocine (Fig. 13.1), a benzomorphan
derivative that is 3 to 4 times less potent than
morphine as an analgesic, was expected to
possess little or no abuse potential when ini-
tially studied and marketed. Today, there is
little question of its abuse potential. Reports
ofaddiction and abuse among narcotic addicts
began to appear shortly after it was introduced

into therapy (16). Its illicit use has continued
to increase over the years (22).

The manufacturer of Talwin tablets intro-
duced a new form of this oral medication early
in 1983. Called Talwin-NX, pentazocine is
combined with naloxone, an antagonist. The
objective is to inhibit the action ofpentazocine
if the tablets are dissolved and injected. Nal-
oxone is not normally absorbed from the GI
tract, and when taken orally, exerts no antago-
nistic pharmacologic activity. However, when
injected parenterally, it can cause withdrawal
symptoms in opioid abusers. A parenteral dose
of 30 to 43 mg provides the same analgesic
action as 10 mg of morphine or 75 to 100 mg
meperidine. Onset of clinical effects is IS to
20 min after intramuscular or subcutaneous
injection, but only 2 to 3 min after an intrave-
nous injection.

Pentazocine exerts its major actions on the
CNS and smooth muscles. CNS effects in-
clude analgesia, sedation, and respiratory de-
pression at doses of 20 to 30 mg. Parenteral
doses of 60 to 90 mg may produce psychiatric

FIG. 13.1. Pentazocine structural formula.
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disturbances, including dysphoria, depression,
confusion, and hallucinations (20). The car-
diovascular responses to pentazocine differ
from other opioids in that high doses cause
increased blood pressure and heart rate, flush-
ing, chilis, and sweating. These effects may
occur because pentazocine increases blood
concentrations of epinephrine and norepi-
nephrine (42). Both tolerance and physical de-
pendence have been reported with frequent
and repeated use of pentazocine (17).

Chronic parenteral use of pentazocine may
result in skin ulcerations, which appear as
deep indurations distinguishable from dermal
lesions commonly seen resulting from other
abused drugs. Severe cellulitis, ulcerations,
abscesses, and muscle necrosis are commonly
found among users of T’s and blues (8,37).

The antihistamine tripelennamine has a
long history of use among street addicts. It
was, therefore, not unexpected to see it com-
bined with paregoric, heroin, or morphine in
mixtures known on the street as blue vel-
vet (34).

Tablets are dissolved in water, strained
through cotton, and injected intravenously.
There is an immediate rush (similar to that of
heroin) that lasts about 5 to 10 min and is
followed by dysphoria, which often results in
the person injecting a second dose. After three
or four injections, the rush may be followed
by a feeling of well-being lasting about 4 to
6 hr (8,37).

One difiicult-to-explain phenomenon is the
pleasant experience some people report from
combining tripelennamine with pentazocine-
naloxone combination tablets (21,34). The
naloxone would, theoretically, prevent these
effects. It is possible that reports of pleasur-
able responses fail to include psychologic fac-
tors (21).

Propoxyphene

Propoxyphene (dextropropoxyphéne) is a
synthetic analog of methadone (Fig. 13.2) and,
if taken in overdose, causes all the classic
signs of opioid poisoning (24). Both the
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FIG. 13.2. Methadone (top) and propoxyphene
(bottom) structural formulas.

hydrochloride and napsylate salts cause sim-
ilar toxic problems. As with diphenoxylate-
containing products, most people do not con-
sider the toxic potential of propoxyphene to
be great. Too frequently, large quantities are
being used for trivial pain without advising
the recipient of the potential for toxicity.

The majority of its victims are adults,
and it is a means of committing suicide.
Toxic doses for adults are stated to be 800
mg of the hydrochloride salt and 1,200 mg of
the napsylate salt. Cardiac and respiratory ar-
rest have been reported with doses of 35 mg/
kg (3,10).

One special concern is ingestion of a prod-
uct that also contains acetaminophen (24).
Clinical symptoms caused by propoxyphene
overdose may completely overshadow those
of a toxic acetaminophen ingestion, leading to
the sequel of events discussed in chapter 12.
The problem is magnifled when the victim
has previously taken ethanol, a barbiturate, or
other CNS depressants, as is frequently the
case (24). These agents stimulate the hepatic
mixed-function oxidase enzymes responsible
for converting acetaminophen to its toxic in-
termediate metabolite. They also potentiate
the CNS sedative action of propoxyphene. The
influence that ethanol exerts on propoxyphene
toxicity, as shown by blood concentrations of
propoxyphene at the time of death, is illus-
trated in Table 13.6. In this study, fatalities
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TABLE 13.6. Blood concentrations of
propoxyphene at the time of death with and
without concurrent ethanol Ingestiorf

Mean
Group No. (mg/dL) SD"
With ethanol 13 0.48 0.36
Without ethanol 22 0.72 0.39
From ret. 45.

*Blood concentrations represent total of drug plus
its major metabolite, norpropoxyphene.
“SO, standard deviation.

associated with ethanol consumption occurred
at significantly lower blood levels of propoxy-
phene than when alcohol was not present.

SUMMARY

Opiate use is centuries old. A significant
number of Americans today use these sub-
stances for legitimate purposes. Because of
this popularity, poisoning occurs at a high rate.
Symptoms are characteristic and death is com-
mon in persons who have taken large doses.
Important symptoms of poisoning can and of-
ten do appear because the victim has ingested
a normal dose of opioid and has also taken
another drug or chemical that potentiates the
opioid effect.

A specific antagonist, naloxone, is available
to treat opiates and opioids. No similar antago-
nist exists for symptomatic treatment of non-
narcotic depressants.

Case Studies

CASE STUDIES; OPIOID
OVERDOSES

History: Case 1

A 19-year-old woman with a history of psy-
chiatric illness, weighing 70 kg, ingested 200
tablets of Codenal (British dosage form),
which contained a total dose of 2.3 g codeine
base and 1.7 g phénobarbital. She arrived at an
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emergency facility in deep coma with miotic
pupils and shallow respirations.

The patient was given two intravenous in-
jections of naloxone, 0.4 mg each dose, after
which there was significant improvement in
her respiratory status and slight dilation of the
pupils. The gastric contents were found to
contain large amounts of codeine. There was
no quantitative codeine analysis reported for
blood or urine.

The patient was further treated with a con-
tinuous drip of nalorphine, 0.7 /xg/kg/min, but
after 36 hr there was no improvement in neu-
rologic status. Naloxone was not available in
the hospital in sufficient quantity, which ac-
counted for the change in medication. A 6-hr
hemodialysis was unsuccessfully tried.

The nalorphine drip was discontinued 5
days later and the patient’s respiratory condi-
tion remained satisfactory. There were signs
of brainstem damage. The patient died sud-
denly during a convulsive crisis 10 days after
admission. (See ref. S.)

History: Case 2

A 2-year-old girl was found playing with
her father’s briefcase at about 4:00 p.m. He
usually kept a container of Lomotil tablets in
the case for his spastic colitis. At this point
there were no indications that the child had
tampered with her father’s medication or that
she had ingested any.

The child went to bed for the evening at
7:00 p.m., and at that time appeared to be
dopey. She awoke at 11:30 p.m., staggered
into the living room with her arms and hands
in a stiffened position, and collapsed. She
turned blue, and it appeared she had stopped
breathing.

She arrived at an emergency facility cya-
notic with shallow, irregular respirations. Her
temperature was normal, pupils constricted,
reflexes brisk, and she displayed catatonic-like
behavior. .

Since there was the possibility that she had
ingested Lomotil, she was given 1 mg nalor-
phine, after which she began to respond with
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normal respirations and disappearance of cya-
nosis. She later relapsed back into a comatose
state and developed cyanosis. She was then
given oxygen, and three additional 1-mg doses
of nalorphine every half-hour. Again, she be-
came conscious. A chest X-ray film showed
a mild infiltrate in the right lower lobe, and she
developed a fever of 102°F. She was placed on
antibiotic therapy. The patient was discharged
the second hospital day.

It was later determined that the girl ingested
about 25 Lomotil tablets. Lomotil contains 2.5
mg diphenoxylate hydrochloride and 0.025
mg atropine sulfate per tablet. (See ref. 36.)

History: Case 3

A 2-year-old girl ingested 20 mg methadone
hydrochloride that she had found in her baby-
sitter’s purse. She was brought to the emer-
gency department 3 hr after ingestion.

Physical examination revealed irregular res-
pirations, 12/min; heart rate, 100 beats/min;
and systolic pressure, 100 mm Hg. She was
comatose; her pupils were constricted. Labo-
ratory findings are given in Table 13.7.

Treatment consisted of intravenous nalor-
phine hydrochloride and gastric lavage. Over
an 8-hr 