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History

A number of cultivated and wild growing plants produce toxins.
These may be alkaloids, glycosides, toxalbumins volatile oils,
photosensitizing substances resins and allergens. The best known of these
are: Colophony, produced from a distillation of pine resin and used as a
solder flux or an additive to glue, poisonivy (  Toxidendron radicans ),
Gelsemium sempervirens, tulips, Euphorbia , Laportia , Dieffenbachia |,
vanilla, chrysanthemum, buttercups, hyacinth, common rue, Scilla, holly
and castor beans. There are many others with allergic or toxic properties.

The castor plant ( Ricinus communis ) has been widely used and
cultivated since ancient times for its oil. The plant, a member of the
Euphorbiaceae family, is a tall shrub with large leaves. The seeds are
brown or black, mottled and encapsulated. The oil is readily separated form
the remaining toxic castor meal and concentrated. The oil contains no
significant toxins. All parts of the plant are poisonous but the seeds are the
toxic part. The seeds and beans contain several toxins and are poisonous
to people, animals and insects.

www.huis.hiroshima-u.ac.jp/~nomura/T/tougom.htm

The most potent of these toxins is ricin. Ricin was so hamed in 1888
by a scientist named Stillmark when he tested the castor bean extract
against red blood cells and saw them agglutinate. Later it was discovered
that Stillmark was incorrect and this phenomenon was due to a second
toxin, a powerful agglutinin called RCA (Ricinus communis agglutinin).
Ricin is only a weak agglutinin but a powerful cytotoxic glycoprotein. RCA
will not be absorbed from the intestinal wall so that it can only cause
agglutination of red blood cells if used intravenously. Thus the product that



causes human poisoning is ricin. Paul Ehrlich studied ricin and a closely
related lectin abrin from the  Abrus prectorius plant. In the 1890s Ehrlich
found that feeding small amounts of these seeds to mice induced immunity
and provided evidence that specific neutralizing antibodies were produced.
This helped to serve as the foundation of immunology.

Ricin is a 66 kilodalton globular protein and type 2-heterodimeric
ribosome - inactivating protein, which consists of two polypeptide chains
(A and B) held together with a disulfide bond. The B chain contains most of
the carbohydrate and is involved in the binding of the ricin to the
mammalian cell surface with special affinity to bind galactose and acetyl-n-
glacatosamine. After binding, the A chain is liberated by hydrolysis and is
the active moiety. *

X-ray crystallography with the B chain at the bottom and A chain at the top. (Lord et el) 2

Ricin is produced by the immature castor seed and as the seed germinates
it is destroyed within a few days by hydrolysis. Some of the toxin is found
in the bean (1 to 5% of the bean). Ricin is commercially available. At one
time castor oil was widely used as a lubricant for aircraft. Low
concentration powders (0.3%) are available as a mole killer and are
produced from the crushed beans. Crushed beans have also been used as
a fertilizer. *

Due to its worldwide availability in large quantities, potency and ease
of production and stability with temperature extremes ricin’s potential as a
weapon of war and terror has not been overlooked. The United States, in
collaboration with the British, began to study ricin as a weapon after World
War | and code-named it Compound W. A W bomb was produced in World
War Il. Research and development continued at Fort Detrick during the cold
war of the 1950s and 60s. Other nations began to develop this agent as a
weapon and in 1978, the Bulgarian Secret Police, killed a Bulgarian



defector, Georgi Markov with ricin. The ricin was shot subcutaneously into
Mr. Markov’s thigh by the insertion of a tiny iridium-platinum pellet about
the size of the head of a pin, using a carbon dioxide cartridge umbrella gun.
The pellet was bored out and ricin was placed into it with a wax plug. When
the wax melted at body temperature the ricin was released. Another
defector named Vladimir Kostov received the same pellet 10 days before
Markov but his heavy clothing and the failure for the wax plug to melt,
saved his life and permitted the pellet to be retrieved and analyzed. Mr.
Markov’s pellet was found on autopsy. Ricin is suspected in six other
assassinations in recent years. *On the home front, two members of the
Minnesota Patriots Council were convicted in 1995 of planning to use a

lethal weapon against U.S. marshals and Internal Revenue agents. That
weapon was ricin.

Epidemiology

Castor plants are readily available and have a worldwide distribution.
The ricin is easily extracted and concentrated from the plant. It is thus an
easy agent for terrorist to obtain.

There are three probable methods of terrorist use of this agent. (1)
As a small-scale terror weapon by aerosol delivery (2) by contamination of
food supplies (3) by individual assassinations utilizing a subcutaneous
approach.

Be cautious if a group of healthy individuals suddenly become ill
with severe pulmonary manifestations. This agent should be included in
your differential diagnosis, as aerosol administration is the most likely of
these scenarios to occur.

Toxicology

Though it is about 1000-fold less toxic than botulinum toxin, ricin is
one of the most potent poisons naturally produced (Toxicity rating 6)*.
About 1 mg is fatal to an adult. Ingestion of a single immature seed can Kkill
a small child. Five beans have killed a older child and 20 beans an adult.
Thirty grams of ricin, easily concealed in a pocket, would be sufficient to
lethally poison a batch of meat weighing 150 pounds, enough to produce
1500 hotdogs. ° If the seed is swallowed but not bitten so that the surface
remains intact, it may pass though uneventfully. !

The LD 5, varies according to the species and route of administration.
As ricin is poorly absorbed, it is approximately 1000 fold less toxic orally
than by injection. There is no transcutaneous absorption. In a mouse
model the LD 5o (Amount fatal to 50% of the population tested) is3to 5  ug/kg
by inhalation, 24 pg/kg by subcutaneous administration, and 20mg/kg by
intragastric administration. After a 8 to 24 hour delay cytotoxic and clinical
manifestations occur respectively. This is due to the time that it takes for
ricin to be absorbed and incorporated into the cytosol. 70% is excreted in



the urine in a metabolized state with only 11% remaining by radiolabeled
methods in the animal model in 24 hours. There have been many
documented cases of castor been poisoning by ingestion some by
subcutaneous injection or parenteral administration when utilized as Phase
| trails for cancer therapy, however no aerosol poisoning has been
documented, though asthma may occur from the allergenicity of castor
protein. Rauber and Heard studied 751 cases of castor bean ingestion
retrospectively and noted 14 fatalities - a 1.9% death rate. This is lower than
the general claims of a 6 to 10% death rate by this route. Only two of these
deaths occurred after 1930. °

Pathophysiology

After ricin is bound to the surface by the ligand action of the B chain,
the A portion of the heterodimer is released and incorporated into the
cytosol via endocytosis. After processing through the Golgi apparatus, this
chain acts as an enzyme that binds and depurinates a specific adenine of
messenger RNA (the 28S rRNA). The adenine ring of the ribosome
becomes sandwiched between two tyrosine rings in the catalytic cleft of
the enzyme and is hydrolyzed by the enzyme’s N-glycosidase action. The
target adenine is a specific RNA sequence that contains the unusual
tetranucleotide loop, GAGA. Ricin is more active against animal than plant
ribosomes, and intact bacterial ribosomes are generally not susceptible.
Just one ricin molecule that enters the cytosol can inactivate 1500
ribosomes per minute and kill the cell.

Prominent ulcerations and hemorrhagic changes are seen in the
gastrointestinal tract after ingestion. In fatal cases lymphoid necrosis in the
mesenteric lymph nodes, gut-associated lymphoid tissue and spleen are
present. Kupffer cell and liver necrosis and diffuse splenitis occurs. The
macrophage, Kupffer cells and the reticulendothelial system is especially
vulnerable. The macrophage is the only cell with cell surface galactose.
Pulmonary edema is prominent after experimental inhalation. With
subcutaneous administration regional lymphadenopathy with necrosis
occurs. Leukocytosis occurs no matter what the route of exposure is.

The cause of death is not known but is believed to be a related to the
vascular permeability defect. Disseminated intravascular coagulopathy is
produced by IV administration. Diffuse nephritis with anuria and uremia is
present.

Clinical Aspects

The clinical picture with this agent is dependent upon the dosage,
the route of administration and the host response characteristics.

v Oral intoxication - Nausea, vomiting and diarrhea characterize oral
intoxication after a delay of several hours. Severe oral burning



similar to an alkali burn is often present. Dilation of the pupils is
seen. Abdominal pain and cramping occur. Gastrointestinal bleeding
may be present. This phytotoxin is poorly absorbed so continuing
and increasing symptoms can occur for up to 5 days. Kidney
involvement can lead to uremia and death. Liver involvement caused
hypoglycemia and adrenal involvement caused adrenal insufficiency.
Central nervous effects can sometimes be seen including cranial
nerve paralysis. Dehydration becomes prominent and secondary
renal compromise may occur. Severe electrolyte imbalances are
common. In addition headaches, thirst and vascular collapse are
reported. Most cases gradually recover but a prolonged
convalescence is the rule. The differential diagnosis of the ingested
intoxication would be various agents that promote food poisoning,
cholera, inflammatory gastrointestinal disease, amebiasis, and
ingestion of toxic plants or chemicals.

Inhalational exposure - No human inhalational cases are known but
animal data suggest that diffuse necrotizing pneumonia is the
primary pathology. No clinical effects would be expected for the first
8-24 hours. Then chest discomfort, tightness of the chest, cough,
possibly with hemoptysis and fever would occur. Alveolar flooding
occurs after several hours and increases for the next 24 to 30 hours.
Severe trachiitis and necrotizing mediastinitis was also seen in the
primate model. Mortality is expected to be high. The inhalation form
must be differentiated from inhalation toxicity from Teflon (Du Pont),
Kevlar (Du Pont) pyrolysis byproducts, phosgene, nitrogen oxides
and staphylococcal enterotoxin B.

Intravenous administration - Ricin was first shown to inhibit tumor
growth in 1951. It was tried as a chemotherapy agent in Phase | trails
and found to be tolerated reasonably well at low doses of 18-20
Hg/msintravenously. Side effects began after 4 hours and were flu-
like with prominent fatigue and myalgia. It is noted that ricin is
making a comeback today as a chimeric toxin (an immunotoxin).
High dose administration is expected to result in a fatal course with a
symptoms pattern similar to the subcutaneous route.

Subcutaneous route - Mr Marcov’s death is an example of
subcutaneous administration of ricin. The dose was approximately
500 pg. He had immediate pain at the injection site (thigh). Fifteen
hours he became very ill with high fever, nausea and vomiting.
Thirty-six hours later, he became more ill and the lymphadenopathy
became more prominent. Three days later he went from a 160 heart
rate to a complete AV dissociation. This was accompanied by anuria,
gastrointestinal hemorrhage, shock and the respiratory arrest.



Laboratory Diagnosis

Though ricin is highly immunogenic, the antibodies would not be
expected until two weeks later. One can do a nasal swab for ricin toxin if
inhalation is suspected in the first 24 hours. This is performed by ELISA
testing. Later ELISA testing can be done on blood, tissues or other body
fluids. Because it binds to tissue rapidly and there is a latent period the
diagnosis is often very difficult to make. With oral ingestion the history is
critical and monitoring electrolytes, liver and kidney function testing is
essential.

Treatment

There is no specific therapy for this condition. Modern supportive
care should be provided. Active and Passive immunity is the only practical
treatment for inhalational ricin exposure and has been shown to have value
in animal models. Aerosolized specific antiricin antibody by active or
prophylactic administration has been successfully performed in animal
experiments. Prophylactic immunization of animals with toxoid of the
native toxin or the purified A chain prevents lethal aerosol exposure.

The toxoid has gone through preclinical testing and is not yet cleared by
the FDA as IND. Treatment after exposure is unlikely to have much value in
man due to the rapid binding of the ricin. Over 150 agents have been tested
to see if they have any impact on ricin poisoning experimentally. None
protected the laboratory animals. More research is occurring. It is not
available for humans and more research needs to be done in this area.

With oral Ingestion immediate emptying of the stomach is essential
because of the extreme toxicity of the seeds. Charcoal can be useful. If the
patient has not already had diarrhea, a cathartic should be given. The urine
should be alkalinized with sodium bicarbonate until the patient is
asymptomatic to reduce precipitation of hemoglobin in the renal tubule.
Hypovolemia and electrolyte abnormalities must be corrected. Parenteral
hyperalimentation may be required.

Reporting

Ricin is a putative bioterrorism agent. The State Health Department
must be notified immediately on suspicion.
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* A toxicity rating is based on mortality not morbidity. A rating of six is the
highest (supertoxic) on a recognized numerical toxicity scale and indicates
that less than 5 mg/kg is fatal.



