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INTRODUCTION

Ricin toxin, found in the bean of the castor plant,
Ricinis communis, is one of the most toxic and easily
produced plant toxins. It is a lectin consisting of
two polypeptide chains, the A-chain and the
B-chain, linked by a disulfide bond. It is one of
a group of dichain ribosome-inactivating pro-
teins, which are specific for the depurination of
a single adenosine in ribosomal ribonucleic acid
(RNA).! The active chain (ie, the A-chain) has the
ability to modify catalytically the 28S subunit of

eucaryotic ribosomes to block protein synthesis. The
toxicity of castor beans has been known since
ancient times, and more than 750 cases of intox-
ication in humans have been described.” Although
ricin’s lethal toxicity is approximately 1,000-fold
less than that of botulinum toxin, ricin may have
significance as a biological weapon because of
its heat stability and worldwide availability, in
massive quantities, as a by-product of castor oil pro-
duction.

HISTORY AND MILITARY SIGNIFICANCE

Ricinis communis was cultivated in ancient Egypt
for its oil’s lubricating and laxative effects; both the
oil and the whole seeds have been used in various
parts of the world in the treatment of other diseases
as well. During World War I and World War II, the
lubricating oil was used in aircraft. Because of short-
ages of castor oil during World War II, the United
States government subsidized the cultivation of cas-
tor beans in the San Joaquin Valley of California
until the 1960s, when artificial oils replaced castor
oil in the aircraft industry.

Although the industry is no longer active in this
country, castor oil is still produced in large quanti-
ties throughout the world. The toxin, which remains
in the castor meal after the oil has been extracted
with hexane or carbon tetrachloride, is easily ex-
tracted through a simple salting-out procedure.’

In the late 1800s, Stillmark* discovered that the
beans of the castor plant contained a toxic protein,
which he named ricin. He discovered that ricin
caused agglutination of erythrocytes and precipi-
tation of serum proteins. (The lectin properties of
ricin and abrin [a closely related toxin from the bean
of Abrus precatorius] and their use as tools for re-
search were described in 1972 by Sharon and Lis.")

Paul Ehrlich studied ricin® and abrin” during the
1890s; Ehrlich’s work with these lectins became the
very foundation of the discipline of immunology.
Since the toxins are much less toxic when given by
mouth than by injection, Ehrlich was able to induce
immunity by feeding mice or rabbits small amounts
of the seeds. This seminal work provided evidence
that specific serum proteins are induced, capable
of precipitating and neutralizing the toxin antigens.
Using the same model, he also showed that, during
pregnancy, specific antitoxin activity is transferred
from mother to offspring through the blood and,
during lactation, the same protective components
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are transferred through the milk.

Native ricin was first shown to inhibit tumor
growth in 1951. The toxin was tested by various
routes—local application, intratumor, and intra-
arterial—in patients with tumors, with varying re-
sults.® In recent years, with the advent of new im-
munotherapeutic techniques, ricin has once again
found a niche in the armamentarium of the medi-
cal profession. It has been studied as a component
of antitumor agents called immunotoxins or, more
specifically, chimeric toxins.’

The native ricin, or just the ricin A-chain, is con-
jugated to tumor cell-specific monoclonal antibod-
ies (technically, to other ligands, which target the
active component of the toxin to tumor cells for se-
lective killing)."” A number of these compounds
have undergone Phase I or Phase II clinical trails as
anticancer agents.''> Although results have been
promising, two factors appear to limit ricin
immunotoxin efficacy: (1) lack of specificity of the
antibody and (2) significant immunogenicity of the
toxin moiety, which results in relatively rapid on-
set of refractory immunity to the therapeutic
agent.”!*

Because of its relatively high toxicity and its ex-
treme ease of production, ricin, code-named Com-
pound W, was considered for weaponization by the
United States during its offensive Biological War-
fare Program. The U.S. Chemical Warfare Service be-
gan studying ricin as a weapon of war near the end
of World War I. Work done in collaboration with the
British resulted in the development of a W bomb in
World War II. The weapon was tested but appar-
ently never used in battle.” Ricin was used in the
highly publicized assassination of Bulgarian defec-
tor Georgi Markov'®; this incident is discussed in
greater detail later in this chapter. However, because
ricin intoxication is a relatively uncommon occur-



rence in human medicine, no concerted effort was
made to produce specific therapies or prophylactic
measures until the early 1990s, when it was per-
ceived to be a significant biological warfare threat.
In recent years, ricin has become a favorite tool
of extremist individuals or groups who seek to harm
others, as the following examples demonstrate:

* Two tax protesters were convicted in Feb-
ruary 1995 of possessing ricin as a biologi-
cal weapon. This was the first case of pros-
ecution under the 1989 Biological Weapons
Anti-terrorism Act."”

Ricin Toxin

e Aretired electrician who had worked on the
trans-Alaska pipeline recently committed
suicide in an Arkansas jail after being ar-
rested under the antiterrorism act for pos-
sessing castor beans. Two years before, a
large quantity of ricin toxin and weapons,
ammunition, and gold were found in his car
by Canadian customs officials as he crossed
the border from Alaska to Canada.'®"

Ricin’s appeal to individuals such as these is likely
related to its ready availability, relative ease of ex-
traction, and its popularization by the press.”

DESCRIPTION OF THE AGENT

Ricin is a 66-kilodalton (kd) globular protein that
makes up 1% to 5% by weight of the bean of the
castor plant, Ricinis communis. The toxic hetero-
dimer consists of a 32-kd A-chain that is disulfide-
bonded to a 32-kd B-chain.”' The toxin is stored in
the matrix of the castor bean, together with a
120,000-d ricinus lectin.” Both chains are glycopro-
teins containing mannose carbohydrate groups; the
two 32-kd chains must be associated for toxicity.

Several investigators have purified and charac-
terized ricin® and have succeeded in crystallizing it.
The crystal structure has been determined to 2.5 A.*
The A- and B-chains are globular proteins, with the
A-chain tucked into a gap between two roughly
spherical domains of the B-chain. A lactose disac-
charide moiety is bound to each of the spherical do-
mains of the B-chain. The disulfide bond links amino
acid 259 of the A-chain and amino acid 4 of the B-
chain. The crystal structure demonstrates a puta-

Ricin B-chain

Ricin A-chain

tive active cleft in the A-chain, which is believed to be
the site of the enzymatic action of the toxin. Recombi-
nant A- and B-chains, as well as mutants of the
chains, have been expressed in Escherichia coli and
other expression systems. The chains have been crys-
tallized and their structures derived (Figure 32-1).*%

Toxicity

There is a 100-fold variation in the lethal toxicity
of ricin for various domestic and laboratory ani-
mals, per kilogram of body weight. Of animals
tested, the chicken and frog are least sensitive, while
the horse is the most.”

Toxicity of ricin also varies with route of chal-
lenge. In laboratory mice, the approximate dose that
is lethal to 50% of the exposed population (LDs)
and time to death are, respectively, 3 to 5 ug/kg and
60 hours by inhalation, 5 pg/kg and 90 hours by

Fig. 32-1. The crystallographically deter-
mined structure of ricin. The molecule is
depicted using a ribbon representation,
with the A-chain colored red; the B-chain,
blue; and the disulfide bonds, yellow. II-
lustration: Courtesy of Mark A. Olson,
PhD, Toxinology Division, US Army
Medical Research Institute of Infectious
Diseases, Fort Detrick, Frederick, Md.
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intravenous injection, 22 pg/kg and 100 hours by
intraperitoneal injection, 24 ug/kg and 100 hours
by subcutaneous injection, and 20 mg/kg and 85
hours by intragastric administration. Low oral tox-
icity reflects poor absorption of the toxin from the
gastrointestinal tract. Higher toxicities by other
routes may be directly related to accessibility of tar-
get-cell populations and the ubiquity of “toxin re-
ceptors” throughout the cells of the body. When skin
tests were performed on mice, no dermal toxicity
was observed at the 50-pug spot.”’

Pathogenesis

The B-chain has lectin properties that allow it to
bind to complex galactosides of cell-surface carbo-
hydrates, while the A-chain has enzymatic activity.
Binding of the B-chain to glycoside residues on gly-
coproteins and glycolipids appears to trigger en-
docytotic uptake of the protein. Internalization of
the toxin occurs, primarily via uncoated pits,*!
within a few hours; the dissociation rate of ricin for

n
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its binding sites is increased in the presence of lac-
tose.”> Almost all of the toxin entering the cytosol
does so via the Golgi apparatus.” As with other
protein toxins such as diphtheria toxin, Pseudomo-
nas exotoxin A, and modeccin, transport to the cy-
tosol is the rate-limiting step during the decline of
protein synthesis.** Presence of the B-chain facili-
tates transport of the A-chain into the cytosol.”” The
latent periods of 1 to 3 hours in vitro and 8 to 24
hours in vivo, before cell death or clinical signs,
respectively, are probably related to the necessary
transport of the toxin into cells, the site of activity.
Once in the cytoplasm of a eukaryotic cell, the A-
chain enzymatically attacks the 28S ribosomal sub-
unit. Ricin has a Michaelis constant (Ky;) of 0.1
pumol/L for ribosomes and an enzymatic constant
(K,p) of 1,500/ min. Ricin cleaves one adenine resi-
due (A4324) near the 3' end of 285 RNA. This dele-
tion causes elongation factor-2 to fail to bind and
thereby blocks protein synthesis.’**” At the cellular
level, ricin kills through inhibition of protein syn-
thesis (Figure 32-2).

Invagination

Endosome

Golgi Complex

Endoplasmic Reticulum

Fig. 32-2. Cartoon depicting ricin (A—B) binding to coated
pits on the surface of the cell (1), internalization via en-
docytosis (2), and transport through the Golgi complex (3);
and enzymatic inactivation of protein synthesis via cleav-
age of adenine residue (A4324), and blockage of elonga-
tion factor-2 binding (4). Arrows with “?” indicate other
possible routes of entry to the cytosol. Illustration: Cour-
tesy of Bob Wellner, PhD, Toxinology Division, US Army
Medical Research Institute of Infectious Diseases, Fort
Detrick, Frederick, Md.
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CLINICAL SYMPTOMS, SIGNS, AND PATHOLOGY

The clinical signs, symptoms, and pathological
manifestations of ricin toxicity vary with the dose
and the route of exposure.” Experimental animal
studies indicate that clinical signs and pathologi-
cal changes are largely route specific; for example,
inhalation results in respiratory distress and airway
and pulmonary lesions; ingestion causes gas-
trointestinal signs and gastrointestinal hemorrhage
with necrosis of liver, spleen, and kidneys; and in-
tramuscular intoxication causes severe localized
pain, muscle and regional lymph node necrosis, and
moderate involvement of visceral organs. The route-
specific pathology is probably due to the lectin
properties of ricin, which cause it to bind rapidly
to complex galactosides of cell-surface carbohy-
drates. Transient leukocytosis appears to be a con-
stant feature in humans, whether intoxication is via
injection or oral ingestion. Leukocyte counts 2- to
5-fold higher than the normal value are character-
istic findings in cancer patients, and also occurred
in the Markov case.'

Oral Intoxication

Ricin is less toxic by oral ingestion than by other
routes, probably because of poor absorption and
some enzymatic digestion in the digestive tract. In
oral (and parenteral) intoxication, cells in the reticu-
loendothelial system, such as Kupffer cells and
macrophages, are particularly susceptible, due to
the mannose receptor present exclusively in mac-
rophages.”” In 1985, A. Rauber and J. Heard” sum-
marized the findings from their study of 751 cases
of castor bean ingestion. There were 14 fatalities in
this study, constituting a death rate of 1.9%—much
lower than traditionally believed. Twelve of the 14
cases resulting in death occurred before 1930. Even
with little or no effective supportive care, the death
rate in symptomatic patients has been low—in the
range of 6%. The reported number of beans taken
by patients who died varied greatly. Of the two
cases of lethal oral intoxication documented since
1930, one was of a 24-year-old man who ate 15 to
20 beans, and the other was a 15-year-old boy who
ate 10 to 12 beans. All of the reported serious or
fatal cases of castor bean ingestion have the same
general clinical history: rapid (less than a few hours)
onset of nausea, vomiting, and abdominal pain; fol-
lowed by diarrhea; hemorrhage from the anus;
anuria; cramps; dilation of the pupils; fever; thirst;
sore throat; headache; vascular collapse; and shock.
Death occurred on the third day or later. The most

common autopsy findings in oral intoxication are
multifocal ulcerations and hemorrhages of gastric
and small-intestinal mucosa, which may be quite
severe; lymphoid necrosis in the mesenteric lymph
nodes, gut-associated lymphoid tissue (GALT), and
spleen; Kupffer cell and liver necrosis; diffuse ne-
phritis; and diffuse splenitis.

Injection

In one large clinical trial,* low doses (18-20 ug/
m?2) of intravenous ricin administered to cancer pa-
tients were well tolerated. Flulike symptoms with
fatigue—in some cases very pronounced fatigue—
and muscular pain were common, and sometimes
nausea and vomiting occurred. The symptoms be-
gan 4 to 6 hours after administration and lasted for
1to 2 days. Two toxic deaths were reported in Phase
I clinical trails of the closely related protein toxin,
abrin; these patients had general seizures and other
signs of central nervous system toxicity.

In the case of Mr. Markov, whose assassination
was mentioned earlier,' injection of a lethal dose
of ricin, estimated to be as much as 500 pg, resulted
in almost immediate local pain, then a feeling of
weakness within about 5 hours. Fifteen to 24 hours
later, he had a high temperature, nausea, and vom-
iting. Thirty-six hours after the incident, he was
admitted to the hospital feeling very ill. He had fe-
ver, tachycardia, and normal blood pressure; lymph
nodes in the affected groin were swollen and sore;
and a 6-cm diameter area of induration and inflam-
mation was observed at the injection site on his
thigh. Just over 2 days after the attack, he became
suddenly hypotensive and tachycardic; the pulse
rate was 160 beats per minute, and vascular collapse
and shock had set in. His white blood count was
26,300/ mm3. Early on the third day after the attack,
he became anuric and began vomiting blood. An
electrocardiogram demonstrated complete atrio-
ventricular conduction block. Mr. Markov died
shortly thereafter; at the time of death, his white
blood count was 33,200/ mmb3.

Intramuscular or subcutaneous injection of high
doses of the toxin in humans, as occurred in the
assassination, results in severe local lymphoid ne-
crosis, gastrointestinal hemorrhage, liver necrosis,
diffuse nephritis, and diffuse splenitis. In the case
of Mr. Markov, a mild pulmonary edema was
thought to have been secondary to cardiac failure.
Similar results have been reported in experimental
animal studies.
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Inhalation

Although data on aerosol toxicity exposure are
not available for humans, lesions induced by oral
and parenteral exposure are consistent with those
seen in experimental animal studies, suggesting that
the same would hold true for aerosol exposures. The
only information on inhalation of ricin in humans
is an allergic syndrome reported in workers exposed
to castor bean dust in or around castor oil process-
ing plants.*’ The clinical picture is characterized by
sudden onset of congestion of the nose and throat,
itchiness of the eyes, urticaria, and tightness of the
chest. In more severe cases, wheezing, leading to
bronchial asthma, may also occur, and may last for
several hours. Affected individuals respond to
symptomatic therapy and removal from the source
of exposure.

Inhalational exposure of rats to lethal ricin chal-
lenge results in a diffuse necrotizing pneumonia of
the airways, with interstitial and alveolar inflam-
mation and edema.” No notable changes in lung
injury parameters occur before 8 hours after the
challenge. By 12 hours, inflammatory cell counts
and total protein (both from fluid obtained via
bronchoalveolar lavage) increase, suggesting both
increased permeability of the air-blood barrier and
cytotoxicity; these findings are associated with a
blood-cell analysis indicative of inflammation. By
18 hours after the challenge, alveolar flooding is
present, and extravascular lung water is increased.
Both continue to increase up to 30 hours after the
challenge. At 30 hours after the challenge, arterial
hypoxemia and acidosis are present and histopatho-

a

logical evidence of alveolar flooding becomes sig-
nificant. Recently completed immunohistochemical
studies® in rats exposed to ricin via aerosol indi-
cate that aerosolized ricin binds to ciliated bron-
chiolar lining cells, alveolar macrophages, and al-
veolar lining cells (Figure 32-3).

In a recent study* of nonhuman primates, inha-
lational toxicity was characterized by a dose-depen-
dent preclinical period of 8 to 24 hours, followed
by anorexia and progressive decrease in physical
activity. Death occurred 36 to 48 hours after the
challenge, time to death also being dose dependent.
Relevant gross and histopathological changes were
confined to the thoracic cavity (Figure 32-4). All
monkeys had acute marked-to-severe fibrinopuru-
lent pneumonia, with variable degrees of diffuse
necrosis and acute inflammation of airways. There
were also diffuse, severe alveolar flooding and
peribronchovascular edema (Figure 32-5), acute tra-
cheitis, and marked-to-severe purulent mediastinal
lymphadenitis. Two monkeys had acute adrenalitis.

Cause of Death

The exact cause of death is unknown and prob-
ably varies with route of intoxication. Results of ri-
cin A-chain immunotoxin clinical trial studies dem-
onstrated that ricin A-chain caused a vascular leak
syndrome characterized by hypoalbuminemia and
edema; subsequent in vitro studies with human
umbilical vein endothelial cells showed that ricin
damaged endothelial cells.” In mice, rats, and pri-
mates, high doses via inhalation appear to produce
severe enough pulmonary damage to cause death,

b

Fig. 32-3. Lung from a rat exposed to ricin by aerosol. Inmunocytochemical stain for ricin demonstrates strong reac-
tivity for (a) airway epithelial cells and alveolar macrophages (arrows) and (b) alveolar lining cells. Original magni-
fication x 50, immunocytochemical stain. Photographs: Courtesy of CL Wilhelmsen, DVM, PhD, Lieutenant Colonel,
Veterinary Corps, US Army; Division of Pathology, US Army Medical Research Institute of Infectious Diseases, Fort

Detrick, Frederick, Md.
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Fig. 32-4. Lungs from a monkey exposed to ricin by aerosol. (a) The lungs are edematous, with accompanying hemor-
rhage and necrosis. (b) Histologically, the microscopical changes are characterized by fibrinopurulent pneumonia.
The fibrin has been specifically stained by phosphotungstic acid hematoxylin to appear purple (original magnifica-
tion x 25). Photographs: Courtesy of CL Wilhelmsen, DVM, PhD, Lieutenant Colonel, Veterinary Corps, US Army;

Division of Pathology, US Army Medical Research Institute of Infectious Diseases, Fort Detrick, Frederick, Md.

probably due to hypoxemia resulting from massive
pulmonary edema and alveolar flooding. High doses
administered intravenously in experimental animals
are associated with disseminated intravascular coagu-
lation®; it has been suggested that hepatocellular and
renal lesions are the result of vascular disturbances
induced by the toxin rather than a direct effect of the

Fig. 32-5. Widespread perivascular and peribronchiolar
edema in a monkey, a characteristic finding in aerosol
ricin intoxication (hematoxylin—eosin stain; original mag-
nification x 10). Photograph: Courtesy of CL Wilhelmsen,
DVM, PhD, Lieutenant Colonel, Veterinary Corps, US
Army; Division of Pathology, US Army Medical Research
Institute of Infectious Diseases, Fort Detrick, Frederick, Md.

toxin itself.* Studies published in 1987* clearly es-
tablish that in intravenous administration of ricin
toxin to rats, diffuse Kupffer cell damage occurred
within 4 hours, followed by endothelial cell damage,
formation of thrombi in the liver vasculature, and fi-
nally, hepatocellular necrosis, confirming studies that
had been published in 1976.%

DIAGNOSIS

Like other potential intoxications on the uncon-
ventional battlefield, epidemiological findings will
likely play a central role in diagnosis. The observa-

tion of multiple cases of very severe pulmonary
distress in a population of previously healthy young
soldiers, linked with a history of their having been
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at the same place and time during climatic condi-
tions suitable for biological warfare attack, would
be suggestive.

The differential diagnoses of aerosol exposure to
ricin would include staphylococcal enterotoxin B,
exposure to pyrolysis by-products of organofluorine
polymers (eg, Teflon [polytetrafluoroethylene,
manufactured by Du Pont Polymers, Wilmington,
Delaware], Kevlar [polyparaphenyleneterephthal-
amide, manufactured by Du Pont Advanced Fiber
Systems, Wilmington, Delaware]) or other organo-
halides, oxides of nitrogen, and phosgene. Insecti-
cides such as paraquat and a-naphthylthiourea
(ANTU), although not expected in a battlefield sce-
nario, can be spread aerially over large geographi-
cal areas and are also potent edemagenic agents.

Confirmation of ricin inhalational intoxication
would most likely be through enzyme-linked
immunosorbent assay analysis of a swab sample
from the nasal mucosa; ricin can be identified by
this method for at least 24 hours after the chal-
lenge.* Because ricin is extremely immunogenic,
individuals surviving a ricin attack would likely

have circulating antibody within 2 weeks after the
exposure; serum samples should be obtained from
survivors. Following inhalational intoxication in
laboratory animals, laboratory findings are gener-
ally nonspecific.

Enzyme-linked immunosorbent assays (for blood
or other body fluids)* or immunohistochemical
techniques (for direct analysis of tissues) may be
useful in confirming ricin intoxication. However,
because ricin is bound very quickly regardless of
route of challenge, and metabolized before excre-
tion, identification in body fluids or tissues is diffi-
cult. In rats exposed to ricin labeled with iodine 125
by intravenous injection, the radioactive label was
found in liver (46%), muscle (13%), and spleen (9%)
30 minutes after intravenous injection.” Ricin was
quickly cleared from the animals, with only 11%
remaining after 24 hours; 70% was excreted in the
urine as low-molecular-weight metabolites. At-
tempts at identification of the toxin may also in-
clude introduction of biological autopsy materials
into mice or cultured cells and neutralization
through the use of specific antibodies.

MEDICAL MANAGEMENT

The most likely scenarios in which ricin intoxi-
cation might be seen by military medical personnel
are (1) small-scale battlefield or terrorist delivery
of an aerosol and (2) parenteral administration of
the toxin to an individual as an assassin’s tool. Be-
cause ricin acts rapidly and irreversibly (directly on
lung parenchyma after inhalation, or is distributed
quickly to vital organs after parenteral exposure),
postexposure therapy is more difficult than with
slowly processed, peripherally acting agents (such
as the botulinum toxins or bacterial agents) that can
be treated with antibiotics. Therefore, immuniza-
tion of personnel at risk for ricin exposure is even
more important than it is for some of the other po-
tential biological warfare agents.

Immunization and Passive Protection

Animal studies have shown that either active
immunization or passive prophylaxis or therapy (if
the therapy is given within a few hours) is extremely
effective against intravenous or intraperitoneal
intoxication with ricin. On the other hand, inhala-
tional exposure is best countered with active immu-
nization or prophylactic administration of aerosol-
ized specific antiricin antibody. Active prophylaxis
through immunization is the only effective medi-
cal countermeasure within our grasp at this time.
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Prophylactic immunization of mice, rats, and sub-
human primates with two to three doses of the tox-
oid (3-5 pg per dose), with or without adjuvant (alu-
minum hydroxide), protects against death and
incapacitation following inhalational exposure to
multiple lethal doses of ricin toxin.” Either a tox-
oid of the native toxin or a preparation of the puri-
fied A-chain produces a measurable antibody re-
sponse that correlates with protection from lethal
aerosol exposure. The toxoid has been microencap-
sulated in glactide-glycolyde microparticles and, in
mice, provides effective immune protection after
one immunization.” As this is written, the only
potential approved medical countermeasures for
human use are the formalin-treated toxoid, which
has gone through preclinical testing and has been
submitted to the Food and Drug Administration as
an Investigational New Drug, and the deglyco-
sylated A-chain, which has also shown promise as
an antigen in preclinical trials. The toxoid has
proven safe and effective in rodents and nonhuman
primates exposed to ricin aerosol by inhalation, the
route of challenge believed to be the most likely
threat on the battlefield.

In seeking an approach to passive protection of
soldiers without immunization, animal studies have
been conducted in the laboratory to evaluate the
short-term efficacy of prophylactically inhaled spe-



cific antibody. Preliminary data® suggest that (a)
when mice are exposed for 20 minutes to aero-
solized specific immunoglobulin G (about 24 pg
antibody per mouse, the lowest dose tested), they are
completely protected from lethal aerosol challenge
1 hour later; and (b) more than 95% of them are pro-
tected from pulmonary lesions. These findings sug-
gest that inhalation of protective antibody from a por-
table nebulizer just before an attack might provide
some protection in unimmunized individuals. These
studies also suggest that intravenous administration
or inhalation of specific antibody after exposure to
aerosolized ricin will be of little value in blocking
or reversing the toxin’s pathological effects.

Supportive and Specific Chemotherapy

As is the case in toxicity and pathogenesis of in-
toxication, the route of exposure is important in
relation to possible modes and their likelihood of
success of prophylaxis and therapy. For oral intoxi-
cation, supportive therapy includes activated char-
coal administration and intravenous fluid and elec-
trolyte replacement. For inhalational intoxication,
supportive therapy to counteract acute pulmonary
edema and respiratory distress is indicated. Symp-
tomatic care is the only intervention presently avail-
able to clinicians for the treatment of incapacitating
or lethal doses of inhaled ricin. Positive end-expi-
ratory ventilatory therapy, fluid and electrolyte re-
placement, antiinflammatory agents, and analgesics

Ricin Toxin

would likely be of benefit in treating aerosol-
intoxicated humans. As we learn more about the
pathogenesis of intoxication by this route, specific
mediator blocking agents may prove valuable, as well.

In recent years, a wide variety of chemothera-
putic agents has systematically been screened in an
in vitro Vero cell inhibition of protein synthesis
assay for efficacy against ricin toxicity.” More than
150 agents, including cellular membrane effectors,
calcium channel-blocking agents, sodium—calcium
exchangers, reducing agents, antioxidants, effectors
of endocytosis, nucleoside derivatives, antibacteri-
als, ricin analogs, effectors of cellular metabolism,
and competitors for binding have been tested. Of
these, only five agents showed promise in vitro and
were screened in mouse-protection assays:

e p-galactose and its derivatives, which are
competitors for binding,

¢ azidothymidine (AZT) and a purine deriva-
tive, BM33203, both of which are nucleo-
side derivatives, and

e brefeldin-A, which is a Golgi transport in-
hibitor.

None of the compounds have proven useful for pro-
tecting laboratory animals, even from intravenous
exposure to the toxin. Efforts are also underway to
synthesize very specific compounds, transition-
state inhibitors, which block the enzymatic effects
of the A-chain.

SUMMARY

Ricin is a large, moderately toxic, protein di-
chain toxin from the bean of the castor plant,
Ricinis communis. It can be produced easily in
relatively large quantities. Ricin was developed
as a biological weapon by the United States and
its allies during World War II. Although ricin is
toxic by several routes, when inhaled as a respir-
able aerosol, it causes severe necrosis of the air-
ways and increased permeability of the alveo-
lar-capillary membrane. The inhalational route

is presumed to be the likeliest threat on the battle-
field.

Death after inhalation of a lethal dose appears to
be caused by hypoxemia resulting from massive
pulmonary edema and alveolar flooding. Diagno-
sis can be confirmed through the use of enzyme-
linked immunosorbent assays of tissues or body
fluids. Prophylactic administration of an investiga-
tional vaccine protects laboratory animals from in-
halational and other routes of challenge.

REFERENCES

1. Barbieri L, Baltelli M, Stirpe F. Ribosomes-inactivating proteins from plants. Biochemica Biophysica Acta.

1993;1154:237-282.

2. Rauber A, Heard J. Castor bean toxicity re-examined: A new perspective. Vet Hum Toxicol. 1985;27:

498-502.

3. Wannemacher R, Hewetson J, Lemley P, et al. Comparison of detection of ricin in castor bean extracts by bioas-
says, immunoassays, and chemistry procedures. In: Gopalakrishnakone P, Tan C, eds. Recent Advances in
Toxinology Research. Singapore: National University of Singapore; 1992: 108-119.

639



Medical Aspects of Chemical and Biological Warfare

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

640

Stillmark. Ueber Ricen. Arbeiten des Pharmacologischen Institutes zu Dorpat, iii, 1889. Cited in: Flexner J. The
histological changes produced by ricin and abrin intoxications. ] Exp Med. 1897;2:197-216.

Sharon N, Lis H. Cell-agglutinating and sugar-specific proteins. Science. 1972;177:949-959.
Ehrlich P. Experimentelle Untersuchungen tiber Immunitét, I: Euber Ricin. Deutsch Med Wochenschr. 1891;17:976-979.

Ehrlich P. Experimentelle Untersuchungen tiber Immunitdt, II: Euber Abrin. Deutsch Med Wochenschr.
1891;17:1218-1219.

Olsnes S, Pihl A. Abrin, ricin, and their associated agglutinins. In: Cuatrecasas P, ed. Receptors and Recognition: The
Specificity and Action of Animal, Bacterial, and Plant Toxins. London, England: Chapman and Hall; 1976: 129-173.

Olsnes S, Pihl A. Construction and properties of chimeric toxins target specific cytotoxic agents. In: Dorner F,
Drews ], eds. Pharmacology of Bacterial Toxins. New York, NY: Pergamon Press; 1986: 709-739.

Magerstadt M. Therapeutic aminoconjugates. In: Antibody Conjugates and Malignant Disease. Boca Raton, Fla:
CRC Press; 1991: Chap 3.

Ucken F, Frankel A. The current status of immunotoxins: An overview of experimental and clinical studies as
presented at the 3rd International Symposium on Immunotoxins. Leukemia. 1993;7:341-348.

Vitetta E, Thorpe P, Uhr J. Immunotoxins: Magic bullets or misguided missiles? Trends Pharmacol Sci.
1993;14(5):148-154.

Vitetta E, Krolick K, Muneo M, Cushley W, Uhr J. Immunotoxins: A new approach to cancer therapy. Science.
1983;219:644-649.

Thorpe PE, Mason DW, Brown AN, et al. Selective killing of malignant cells in leukemic rat bone marrow using
an antibody-ricin conjugate. Nature. 1982;297:594-596.

Cookson J, Nottingham J. A Survey of Chemical and Biological Warfare. New York, NY: Monthly Review Press. 1969: 6.
Crompton R, Gall D. Georgi Markov: Death in a pellet. Med Leg J. 1980;48:51-62.

Sharn L. Probe aims at sale of deadly bacteria. USA Today. 11 Jul 1995;2-A.

Kifner J. Man is arrested in a case involving deadly poison. New York Times. 23 Dec 1995;A-7.

Goodman PS. Seized poison set off few alarms. Anchorage Daily News. 4 Jan 1996;B-1.

Nelan BW. The price of fanaticism. Time. 3 Apr 1995;38—41.

Robertus J. Toxin structure. In: Frankel A, ed. Immunotoxins. Boston, Mass: Kluwer Academic Publishers; 1988: 11-24.

Youle R, Huang A. Protein bodies from the endosperm of castor beans, subfractionation, protein components,
lectins, and changes during germination. Plant Physiol. 1976;58:703.

Rutenber E, Katzin B, Collins E, et al. The crystallographic refinement of ricin at 2.5 A resolution. Proteins.
1991;10:240-250.

Wales R, Richardson PT, Roberts LM, Woodland HR, Lord JM. Mutational analysis of the galactose binding
ability of recombinant ricin B chain. | Biol Chem. 1991;266(29):19172-19179.

Afrin LB, Gulick H, Vesely J, Willingham M, Frankel AE. Expression of oligohistidine-tagged ricin B chain in
Spodoptera frugiperda. Bioconjug Chem. 1994;5(6):539-546.

Frankel A, Roberts H, Afrin L, Vesely J, Willingham M. Expression of ricin B chain in Spodoptera frugiperda.
Biochem ]. 1994;303(pt 3):787-794.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Ricin Toxin

Robertus J, Piatak M, Ferris R, Houston L. Crystallization of ricin A chain obtained from a cloned gene ex-
pressed in Escherichia coli. | Biol Chem. 1987;262:19-20.

Balint GA. Ricin: The toxic protein of castor oil seeds. Toxicology. 1974;2(1):77-102.

Wannemaker R. Assistant Division Chief, Toxinology Division, US Army Medical Research Institute of Infec-
tious Diseases, Fort Detrick, Frederick, Md. Personal communication, September 1994.

Ghosh P, Wellner R, Cragoe E, Wu H. Enhacement of ricin cytotoxicity in Chinese hamster ovary cells by deple-
tion of intracellular K*: Evidence for Nat/H™ exchange system in Chinese hamster ovary cells. J Cell Biol.
1985;101:350-357.

Moya M, Dautry-Varsat A, Goud B, Louvard D, Boquet P. Inhibition of coated pit formation in Hep, cells
blocks the cytotoxicity of diptheria toxin but not that of ricin toxin. J Cell Biol. 1985;101(2):548-559.

Sandvig K, Olsnes S, Pihl A. Kinetics of binding of the toxic lectins abrin and ricin to surface receptors of
human cells. | Biol Chem. 1976;251(13):3977-3984.

Lord JM, Roberts LM, Robertus JD. Ricin: Structure, mode of action, and some current applications. FASEB ].
1994;8:201-208.

Hudson T, Neville D. Temporal separation of protein toxin translocation from processing events. | Biol Chem.
1987;262:16484-16494.

Youle R, Neville D. Kinetics of protein synthesis inactivation by ricin-anti-thy.1.1 monoclonal antibody hy-
brids: Role of the ricin B subunit demonstrated by reconstitution. J Biol Chem. 1982;267:1598-1601.

Endo Y, Mitsui K, Motizuki M, Tsurugi K. The mechanism of action of ricin and related toxic lectins on eukary-
otic ribosomes: The site and the characteristics of the modification in 285 ribosomal RNA caused by the toxins.
J Biol Chem. 1987;262(12):5908-5912.

Olsnes S. Closing in on ricin action. Nature. 1987;328:474-475.

Olsnes S, Pihl A. Toxic lectins and related proteins. In: Cohen P, van Heyningen S, eds. Molecular Action of
Toxins and Viruses. Amsterdam, Netherlands: Elsevier Biomedical Press; 1982: 51-105.

Zenilman ME, Fiani M, Stahl P, Brunt E, Flye MW. Use of ricin A-chain to selectively deplete Kupffer cells. |
Surg Res. 1988;45(1):82-89.

Fodstad O, Kvalheim G, Godal A, et al. Phase I study of the plant protein ricin. Cancer Res. 1984;44:862-865.
Brugsch HG. Toxic hazards: The castor bean. Mass Med Soc. 1960;262:1039-1040.

Assaad A. Principal Investigator, Aerobiology and Product Evaluation Department, Toxinology Division, US
Army Medical Research Institute of Infectious Diseases, Fort Detrick, Frederick, Md. Personal communication,
December 1994.

Davis K. Lieutenant Colonel, Veterinary Corps, US Army. Chief, Experimental Pathology Department, Pathol-
ogy Division, US Army Medical Research Institute of Infectious Diseases, Fort Detrick, Frederick, Md. Per-
sonal communication, July 1994.

Wilhelmsen C, Pitt L. Lesions of acute inhaled lethal ricin intoxication in thesus monkeys. Vet Pathol. 1993;30:482.

Soler-Rodriguez A, Ghetie M, Oppenheimer-Marks N, Uhr J, Vitetta E. Ricin A-chain and ricin A-chain
immunotoxins rapidly damage human endothelial cells: Implications for vascular leak syndrome. Experimen-
tal Cell Research. 1993;206:227-234.

Howat AJ. The toxic plant proteins ricin and abrin induce apoptotic changes in mammalian lymphoid tissues
and intestine. | Pathol. 1988;154:29-33.

641



Medical Aspects of Chemical and Biological Warfare

47.

48.

49.

50.

51.

52.

53.

54.

55.

642

Bingen A, Creppy EE, Gut JP, Dirheimer G, Kirn A. The Kupffer cell is the first target in ricin-induced hepatitis.
J Submicrosc Cytol. 1987;19(2):247-256.

Derenzini M, Bonetti E, Marionozzi V, Stirpe F. Toxic effects of ricin: Studies on the pathogenesis of liver le-
sions. Virchows Arch B Cell Pathol. 1976;20:15-28.

Hewetson J. Principal Investigator, Immunology and Molecular Biology Department, Toxinology Division, US
Army Medical Research Institute of Infectious Diseases, Fort Detrick, Frederick, Md. Personal communication,
June 1994.

Poli MA, Rivera VR, Hewetson JE, Merrill GA. Detection of ricin by colorimetric and chemiluminescence ELISA.
Toxicon. 1994;32(11):1371-1377.

Ramsden C, Drayson M, Bell E. The toxicity, distribution, and excretion of ricin holotoxin in rats. Toxicology.
1989;55:161-171.

Hewetson J, Rivera V, Lemley P, Pitt M, Creasia D, Thompson W. A formalinized toxoid for protection of mice
from inhaled ricin. Vaccine Research. 1996;4:179-187.

Yan C, Resau JH, Hewetson J, West M, Rill W, Kende M. Characterization and morphological analysis of pro-
tein-loaded poly(lactide-co-glycolide) microparticles prepared by water-in-oil-in-water emulsion technique.
Journal of Controlled Release. 1994;32:231-241.

Poli M, Virera V, Pitt L, Vogel P. Aerosolized specific antibody protects mice from lung injury associated with
aerosolized ricin exposure. In: 11th World Congress on Animal, Plant, and Microbial Toxins; 1994; Tel Aviy,
Israel. Abstract.

Thompson W, Scovill ], Pace J. Drugs that show protective effects from ricin toxicity in in-vitro protein synthe-
sis assays. Natural Toxins. 1995;3:369-377.



