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ABSTRACT:

Ricinus communis is found around the world and it
contains protein which consists of A and B
subunits. These subunits are produced inside the
seeds of the plant. Ricin is one of the most potent
poisons. Toxicity by ricin is caused because of its
ability to inhibit protein synthesis. Toxicity also
depends upon the dose and route of administration.
Generally, there are three routes i.e ingestion,
injectable, and inhalation. The toxic effect includes
gastrointestinal hemorrhages, hypoglycemia, renal
tubular necrosis, inflammation, etc. However,
regardless of its lethal effect, it has the potential for
therapeutic use. Ricinus communis is produced on
a commercial level for the production of castor oil.
During the production of castor oil, the by-product
ricin is produced over 1 million tons per year. The
compounds of Ricinus communis show therapeutic
effects like anticonceptive, antidiabetic,
antifertility,  anti-inflammatory,  antimicrobial,
antioxidant, hepatoprotective, insecticidal, and
wound-healing activities. Ricin A chain toxin
coupled to monoclonal antibodies against cell
surface proteins is used to treat various cancers. In
this article, we will discuss the intended and non-
intended poisoning caused by castor seeds and
ricin.

Keywords: Castor bean, plant toxin, dual nature of
plant, human intoxication, mechanism of toxicity,
folk medicine.

l. INTRODUCTION:

Growing mindfulness and concern about
ricin, a potent biological poison, as a possible
terrorist armament has needed a
comprehensivereview of this bane. In recent years,
there has been heightened concern regarding the
potential of wvarious chemical and biological
weapons as agents for urban terrorism.[1] 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 the distillation of pine resin and used as a
solder flux or an additive to glue, poison ivy
(Toxicodendron radicans), Gelsemium
sempervirens,  tulips, Euphorbia, Laportia,
Dieffenbachia, vanilla, chrysanthemum, buttercups,
hyacinth, common rue, Scilla and castor beans.
These concerns have been reinforced by the
recently attempted uses of ricin by various groups
in the United States and the United Kingdom.[2,3]
Ricin is a potent plant poison or toxin which is
found in the seeds of Ricinus communis (castor
plant). Ricin works by blocking cell protein
synthesis, which causes cell death and multiple
organ failure[4]. Furthermore, it is readily
accessible, and its relative ease of extraction from
the castor bean plant, as well as its stability in both
hot and cold conditions[5], It has been regarded as
one of the most potent poisons in the plant
kingdom[6] and has been described as a toxin that
can cause death. Ricin is toxic by several routes,
including inhalation, ingestion, and injection.
Bioterrorists might poison water or foodstuffs,
inoculate  persons directly via ricin-laced
projectiles, or aerosolize liquid ricin or lyophilized
powder. Ricin has been used as a biological
weapon for assassinations but has never been used
to harm groups of people. A very large quantity of
ricin would be needed for a large-scale attack.
Ricin poisoning is not contagious.[7] However, the
plant and seeds have been used historically for the
tratment of infection, inflammation and as a
laxative. These seeds are a rich source of castor oil
which is produced by milling, boiling, pressing or
solvent extraction. Apart from its medicinal
properties it has certain uses in paints, fuel for
lamps, coats, cosmetic products and many
more.[8,9] During the oil extraction from the plant,
the leftover is a rich source of protein and it is
detoxified first, then it is used as supplement feed
for sheep, cattle and fish. [10-17] The residual can
also be used the organic manure. [18-21]
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Figure 1. Ricinus communis:; The castor oil plant
Ricinus communis with characteristic seedpods

.

History of ricin:

Ricin, a plant toxin has played interesting
and important roles in the history of clinical
medicine and biomedical research. The usage of
these proteins for the treatment since ancient times
is reviewed. Later the proteins played a vital role in
the early days of immunological study and some of
the basic principles of immunology were
discovered with toxic proteins of this group. During
the last three decades, the mechanism of action of
the toxins was illustrated. Ricin has been used in
bioterrorism.  Recently, toxins have played
important roles as experimental models to elucidate
the intracellular trafficking of endocytosed
proteins.[22]

Ricin toxin was discovered in 1888 by
Hermann Stillmark, a student at the Dorpat
University in Estonia.[23] During Stillmark‘s
extensive research, he also observed that ricin
caused agglutination of erythrocytes and
precipitation of serum proteins.[22] Ricin inhibited
protein synthesis and suggested that the effects
resulted from restricted elongation of the nascent
polypeptide chain.[24] Subsequent studies revealed
that the molecular target of the toxin was the 60S
ribosomal subunit.[25] In the last decade,
immunotoxins using the ricin A-chain chemically
linked to monoclonal antibodies have been used as
an alternative in therapies against cancer, AIDS,
and other illnesses.[26] Ricin-based immunotoxins,
some of which contained deglycosylated ricin A
chain conjugated to either the anti-CD22 antibody
RFB4 [27] or its Fab fragment[28] have also been
shown to provide enhanced therapeutic efficacy
and resulted in improved antitumor activity [29].

However, the U.S. Food and Drug Administration
(FDA) has put hault on clinical testing of RTA-
based immunotoxins, as they cause vascular leak
syndrome (VLS) in human beings. The US War
Department considered ricin for chemical warfare
as early as 1918.[30] Ricin was tested as an
inhalational agent in the 1940s.[31] Although never
laboratory-confirmed, it was most likely the
etiologic agent used in the 1978 assassination of
Bulgarian journalist Georgi Markov in Great
Britain[32,33] In the 1940s in the United States and
in the late 1980s in Iraq, weapons-grade ricin (ie,
purified and inhalable particles that can be
aerosolized for a mass attack) was manufactured
and tested in animal experiments and in artillery
shells in-field testing.[34,35] In 2003 and 2004,
ricin was discovered in a South Carolina mail
sorting facility, a mailroom serving US Senator Bill
Frist’s office, and inside a letter addressed to the
White House.[36]

Ricin has given contribution to early stage
of immunology, the treatment of cancer, and the
better understanding of cell biology. During the
World War I, the U.S. Bureau of Mines studied the
obnoxious eventuality of ricin at the American
University Experimental Station. Two weapon
concepts were considered: the simplest approach
was coating shrapnel and bullets with ricin to create
a skin effect; the more challenging concept was a
"dust cloud" that produced a lung effect. At the
time, limited experimental work on animals
demonstrated that it was possible to weaponize
ricin. Interestingly, the average time it took for an
animal to die was somewhat longer than is reported
in contemporary studies. This early work also
identified the main technical difficulty in
weaponizing ricin: its thermal sensitivity. It was
found that the heat generated while firing the
coated bullets destroyed a significant amount of the
agent.[37]

Early in World War Il, England and
Canada began work on ricin for use in 4-pound
bursting bomblets. The French also had an interest
in ricin but, like early U.S. researchers, felt that it
was too dangerous to study without first having an
antitoxin.[38] The U.S. military's interest in ricin
resurfaced around 1942 as a project of the National
Defense Research Committee[30] and led to
chamber and field trials at Dugway Proving
Ground, Utah, in 1944.[34] These efforts differed
from those of the previous war in that only a lung
effect was being considered, and considerable
advances had been made in the science of aerosols.
However, the thermal sensitivity of ricin remained
the major technical issue.
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Origin and geographical distribution:

It is believed that Ricin was originated in
Africa but now it is widely spread in the tropical as
well as sub-tropical regions.[35] This plant is
native to North-Eastern Africa. Now a days its
population can be seen in African continents,
Tunisia to South Africa, Atlantic Coast to the Red
Sea, and even on the Islands of the Indian Ocean. It
can grow in different temperatures of Europe and in
tropical and subtropical areas of America and Asia.
It grows easily in many areas.[36]

Ricin, a Toxic Lectin from Ricinuscommunis:

Ricin toxin or ricin, as it is more
commonly known, was discovered in 1888 as the
first plant lectin, is a protein that consists of A and
B subunits that can be extracted from the seeds of
the castor plant, Ricinus communis L.[23] It has
been cultivated primarily for castor oil.[22] Its
seeds are extremely viable and germinate easily in
any soil so that the plant has adapted to tropical as
well as sub-tropical regions all over the world.
Reports on the ricin content of castor beans vary
but probably are in the range of 1% to 5
%.[42,43]Purified ricin is a white powder that is
soluble in water and stable over a wide pH
range.[30,34] It is inactivated by heat, 80°C in an
aqueous solution for 1 hour[34] and requires higher
temperatures or longer periods for inactivation
when in powder or crude forms and has a
molecular weight of 60 to 65 kDa.[40]

The ricin family has two major members,
both, lectins, inclusively known as Ricinus
communis agglutinin 1l (ricin) and Ricinus
communis agglutinin 1 (RCA). Stillmark, a Ph.D.
student at the University of Dorpat in Estonia, did a
study to know the toxicity of Ricinus seed extracts.
He mixed seed extract with blood and noticed that
the red blood cells(RBCs) began to agglutinate. He
established that the active seed component was a
protein that he termed ricin. The agglutination
which was found during the study was due to the
presence of the RCA, which is a strong
haemagglutinin but a weak cytotoxin, whereas ricin
is a weak haemagglutinin but potently cytotoxic in
nature [44,45] This results from ricin having a
single B chain, enabling it to bind to and enter
target cells, whereas Ricinus communis agglutinin |
(RCA) has two B chains allowing it to bind to, and
thus agglutinate two target cells. Ricin is a
heterodimer where catalytically-active A chain
(ricin toxin A or RTA) is joined by a single
disulfide bond to a B chain (RTB) i.e a galactose-
and N-acetylgalactosamine-specific lectin. The

action of A chain enzyme is to remove a specific
adenine residue from the 28S ribosomal RNA
(28SrRNA) of the large subunit of eukaryotic
ribosomes [46] The adenine residue which is
removed by RTA, adenine 4324 in the case of rat
liver 2BSrRNA, is located in the area of the rRNA
that contains one of the most preserved of rRNA
sequences. This region functions in the ribosomal
elongation cycle, and the adenine removed as a
result of RTA-catalysed depurination is the binding
site for elongation factors 1 and 2.[47] Since RTA-
modified ribosomes are not able to bind these
translation factors they are no longer capable of
continuing protein synthesis. This ultimately leads
to cell death and accounts for the extreme
cytotoxicity of ricin [22,48,49] RCA is a tetramer
of two ricin-like heterodimers, each of which
consists of an A and a B chain. The primary
sequence of the A chains of ricin and RCA are
identical in all but 18 positions (from a total of 267
amino acids) and are thus 93% homologous. The
corresponding B chains differ at 41 residues (from
a total of 262 residues) and are 84%
homologous.[50,51] Two of the 18 residue
differences between RTA and RCA A chain
involve the substitution of cysteine residues, one of
which (Cys156) forms a disulfide bond with an
adjacent molecule to generate the mature ~128 kDa
tetrameric RCA with the subunit arrangement B-A-
A-B [52,53]

Ricin communis, a Dual use plant:

It shows the properties of regulating bowel
movement and reducing flatulence. Its leaves are
used for headaches and for wounds in the form of
poultices. A decoction of leaves is basically used
for sore throat, bile problems, bladder aches, and
pain. After detoxification, their oil is used in oral
medications. After detoxification of seeds, they are
applied in the form of paste on scorpion stings.
They are also useful to strengthen the hair.[54] It
also shows some beneficial properties like
antimicrobial, anthelmintic, insecticidal, anti-
inflammatory, antioxidant, and laxative.[55] In
certain diseases, it is used for the treatment like
hypoglycemia, edema, rheumatism, asthma,
ringworm, warts, dandruff, dermatitis, asthma.
Applying it externally on the breast increase the
milk flow and its oil reduces the labor pain.[56-62]

On the otherhand, as the castor plant is
readily available in the market and has lethal
effects, ricin has long been used as a weapon.
During both world wars Britain, the United States,
and other countries did experiment on artillery
shells and bombs which can disperse clouds of
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finely ground ricin powder. Then authorities
extrapolated that ricin which is also known as
compound W would make a poor military weapon
as the compound gets degraded under the heat of
firing and to affect a massed troops a large quantity
is required.

The research was continued during the Cold War,
but under the terms of the Biological Weapons
Convention of 1972 stockpiles were destroyed.
Still, ricin is considered a possible weapon of terror
and assassination. Some scenarios of terrorists
might be the inoculation of ricin into a water
supply or food or the spraying of a ricin aerosol in
a confined indoor space. Such attacks would cause
limited casualties but may trigger major emergency
responses. There is no attempted use of ricin as a
weapon for mass destruction has occurred till now.
[63]

Phyto pharmacology:
Antioxidants

From seed extract it is concluded that
antioxidant activity was determined by three
methods i.e Lipid peroxidation by ferric
thiocyanate, free radical scavenging method
showed an effect on 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH) and the third method is hydroxyl
radical which is generated from the hydrogen
peroxide. The diseases which are caused by
oxidative stress can be treated with the help of seed
extract of Ricinus communis at low concentration
because it contains a high amount of antioxidative
properties. Four chemical constituents were
obtained that have the desired results of
antioxidative properties; Methyl ricinoleate, methyl
ester, 12 octadecadienoic acid, and ricinoleic
acid.[64] Due to the presence of flavanoids in
stems and leaves, they also show good oxidative
properties.[65,6]

Antiasthmatic activity

The root extract (ethanolic) of Ricinus
communis is very effective against asthma. It has
mast cell stabilizing potential and an antiallergic
effect. As extract is having the presence of
saponins which shows mast cell stabilizing effect
and flavonoids have smooth muscle relaxant and
bronchodilator activity. Flavanoids like apigenin
and luteolin work by inhibiting basophil histamine
release as well as neutrophils beta-glucuronidase
release thus showing antiallergic activity in-vivo. It
also inhibited passive cutaneous anaphylaxis in
Vivo.[67]

Antinociceptive activity

Antinociceptive activity was evaluated
from the methanolic extract of leaves of Ricinus
communis. It was considered by using three
classical pain models i.e acetic acid-induced
writhing test, tail immersion method, and induced
paw licking. Due to the presence of phytochemicals
like saponins, flavonoids, steroids, and alkaloids
antinociceptive activity is produced.[68]

Antihistaminic Activity

The ethanolic root extract of Ricinus
communis shows antihistaminic activity at the dose
range of 100, 125, and 150 mg/kg given
intraperitoneally by using clonidine-induced
catalepsy in mice.[69]

In vitro immunomodulatory activity

Our immune system is our defensive
system, it protects our body against invading
pathogens. Immunomodulatory agents from plant
and animal origin help in enhancing the response
against the pathogen by activating the nonspecific
immune system. Studies showed the
immunostimulant effect from the leaves of Ricinus
communis by increasing the phagocytic function of
human neutrophils. The process of engulfment of
microorganisms by leucocytes is known as
phagocytosis. The process of phagocytosis is the
intracellular  killing of the microorganism
depending on metabolic thrust. Tannins are present
in leaves which show anti-inflammatory and
immunomodulatory properties.[70]

Anti-fertility activity

The ethanolic 50% extract of Ricinus
communis showed anti-fertility effects. In
epididymal sperm counts were reduced drastically.
There was an alteration in the mode of movement,
the morphology of the sperms, and motility. It is
suggested that a reduction in the levels of fructose
and testosterone decreases reproductive
performance. Once the drug is withdrawn the anti-
fertility effect reduces and functions normally, so
this is a reversible process.[71]

Antiulcer activity

The anti-ulcer effect was studied by
administration of ethanol or aspirin or pyloric
ligation in rats. The dose of castor oil was given to
the rat was 500mg/kg and 1000mg/kg orally 30
min. Prior to the induction of ulcer. This study
showed that antiulcer activity of the castor oil of R.
communis seed is because of the cytoprotective
action of the drug as well as strengthening of
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gastric mucosa hence enhancing the mucosal
defense.[72]

Molluscicidal, Insecticidal and Larvicidal
activity

Molluscicidal activity against Lymnaea
acuminata is possessed by the leaf extract of
R.communis and the seed extracts of R.communis
showed better action of insecticidal and
insectistatic activity as compared to the leaf
extracts against S. Frugiperda. It happens due to the
active  ingredients like castor oil and
ricinine.[73,74,75] The aqueous leaves extracts of
Ricinus communis showed Larvicidal activity
against Culex Quinquefasciatus — mosquitoes,
Anopheles  arabiensis, and  Callosobruchus
chinensis.[76]

Anti-inflammatory activity

Acute and chronic anti-inflammatory
activities were studied on Wistar albino rats by
using leaves and root extract. Inflammatory models
were used on Wistar albino rats. It showed the
formation of paw edema because of the sub plantar
administration of carrageenan, characterizing the
events (cellular) of acute inflammation. Dose of
250 and 500mg/kg of methanolic leaves extract of
Ricinus communis possessed the protective effect
in preventing cellular events which are formed
during edema as well as in all stages of acute
inflammation. It possesses anti-inflammatory
activity due to the presence of flavonoids in it.
Flavanoids have a protective effect against paw
edema in rats.[77,78,79]

Ricin intoxication in Humans:

Ricin occurs in three major forms i.e.
injection, ingestion, and inhalation.

In a case report, a 49 years old man
committed suicide by injecting castor bean extract.
He was then hospitalized after 24 hours of
administration of the extract. When the person was
admitted into the hospital he was conscious and had
a history of nausea, diarrhea, vomiting, dyspnoea,
muscle pain, and vertigo. Despite of intensive care
and support were given by the hospital to the
patient he died after 9 hours due to the multiorgan
failure.[80]

In 2002 a man injected subcutaneously
Castor bean extract and was admitted 36 hours
later. The person was suffering from chest pain,
back pain, severe  weakness, dizziness,
hematochezia, anuria, nausea, and metabolic

acidosis. Then his condition became severe and he
suffered from hepatic and renal failure.[81]

Among the cases reported about the
parenteral administration of ricin, one case was
reported in Bulgaria. A journalist named Georgi
Markov was assassinated with the umbrella
covered with ricin blown on the right thigh. He got
about 500 pg of ricin toxin. He felt localized pain
and had an angry red spot like a pimple on the
backside of his right thigh. On the same day at
night, he was hospitalized and had a high
temperature, fast pulse, vomitings, and normal
blood pressure. Regional lymph nodes were
swollen. On the next day, his pulse rate was 160/
min and he was cold, sweating, and dizzy. His
leukocyte count was 26,300/cm. On next day, he
stopped passing out urine and blood was coming
out with wvomitings. He started pulling out
intravenous lines in confusion and ultimately he
died because of cardiac arrest.[30,82]

Phase 1 study was conducted with ricin on
cancer patients by inhibiting protein synthesis.
Ricin was given by parenteral route every two
weeks and the dose range was 4.5 to 23 pg/sq m.
Ricin development as an antitumor agent, at the
dose range of 18 to 20 pg/sq m was well tolerated
by the patients and was eliminated from blood.
Prevalent side effects which were seen were flu-
like symptoms with fatigue, pain in the muscle, and
nausea.[83]

Another case was seen of a 36-year-old
quality control chemist, he injected ricin itself. He
made this injection by cutting castor oil beans and
soaked in tap water for one week. After 16 hours of
administration, he was admitted to the hospital.
Two intramuscular injections was containing 150
mg of ricin. During the examination, his pulse rate
was 120/min. And blood pressure 140/80 mm/Hg.
The site of injection was enlarged up to 3mm in
diameter. To maintain alkaline urea sodium
bicarbonate was given intravenously and to prevent
renal tubular damage. His temperature was constant
at 37.5-39.0° C for the following eight days. The
injection site rose to 12 cm but without necrosis.
No evidence was seen about hemolysis. The patient
recovered and discharged after 10 days of
administration.[84]

Around 1000+ RT cases have been
reported in the literature showing poisoning effects
after consumption. After 4-6 hours of ingestion of
Castor Bean it shows signs and symptoms like
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oropharyngeal irritation, vomiting, pain in the
abdomen, bleeding in the GI like melena,
hematochezia, and hematemesis which is secondary
to necrosis of GIL.[81] Within 2 hours of Ricin
absorption, it causes toxicity via lymphatic vessels
and blood. Accumulation of toxin occurs in liver
and spleen.[85] For Ricin toxicity it is essential to
absorb the ricin from castor bean. If the castor bean
is swallowed as it is, then it well pass out from the
gastrointestinal tract without caution any reaction
in the body as cator bean has a solid shell-like
coating. If the castor bean is chewed and crushed
while eating then ricin will be absorbed and will
cause the toxicity. Hence, will lead to multiorgan
failure and ultimetely death.[82,86]

A Hispanic 3 years old boy ate seeds of
unknown plant. After one hour he had abdominal
pain and vomiting. After eight hours he had
mucoidal diarrhoea. After 20 hours he was
admitted to the hospital, pulse rate was 120/ min.,
blood pressure was 100/60 mm/Hg, temperature
was 37.8° C. IV fluids were administered and after
eight hours he was discharged. Twelve hours later
he was taken back to the hospital because of the
regular vomitings and nausea. During this period of
time seeds were identified as castor seeds. After 24
hours he stopped vomiting. On the fifth day he was
discharged in good condition.[87]

Workers who are exposed to castor bean
dust reported chest pain, itching eyes, nose and
throat congestion and urticaria. Though cases of
ricin inhalation are rare.[81] Adult 5 Rhesus
monkeys inhaled dose of  20.95-41.8
micrograms/kg of aerosolized ricin.  They
developed an acute airway inflammation and
fibrinopurulent necrotizing pneumonia. In thoracic
cavity they had microscopic lesions. The main
cause of death in monkeys was pulmonary alveolar
flooding.[88]

Treatment and Vaccination:

Currently, there is no approved antidote or
therapy against ricin exposure. Modern treatment
focuses on some medicines and involves usage of
intravenous fluids as well as suppression of
hypertension. Electrolytes are given to maintain the
balance of electrolytes and preventing dehydration
from nausea and diarrhoea. To prevent further
absorption of the toxin, oral activated charcoal (250
mL/30g) or gastric lavage can also be advocated
depending on the time of administration after oral
ingestion. Monitor hypotension, bone marrow

suppression, hepatotoxicity for cardiac effects, liver
damage, and multiple organ damage.[89]

In order to protect certain people like
soldiers or emergency staff, there is an interest in
developing a vaccine against the intoxication of
ricin. However, there is no as such any evidene of
availability of vaccine but one vaccine is in an
advanced stage of legislative approval[90-93]
i.eRiVax™, it is based on the recombinant catalytic
inactive A- chain ricin. It was subjected to clinical
trials in humans where it induced the functionally
active antibodies.

1.  CONCLUSION:

Ricin is a toxin which is found in the
Castor beans, and it is commonly regarded as the
one of the most toxic substance found in the plant.
It basically causes toxicity by inhibiting protein
synthesis within eukaryotic cells. During the oil
extraction from the plant, the leftover is a rich
source of protein and it is detoxified first, then it is
used as supplement feed for sheep, cattle and
fish.There are many cases where ricin killed many
people. Common symptoms are vomiting, nausea,
abdominal cramps, diarrhoea and dehydration.
Toxicity by ricin can be detected by Enzyme
Linked Immuno Sorbent Assay (ELISA). It has a
potential to use it as a tumor reducing agent in
cancer therapy. Ricinus communis contains
saponins, flavanoids, ricinine, steroids and
flavanoids which shows beneficial properties like
antiasthmatic, antioxidants, antiulcer, antifertility.
With respect to forensic analysis, ricin detection in
clinical samples is difficult due to its rapid
absorption and internalization within the tissue. As
a surrogate marker, the alkaloid ricinine can be
successfully monitored.

REFERENCES:

[1]. Gosden C, Gardener D. Weapons of mass
destruction--threats and responses. BMJ.
2005;331(7513):397-400.
d0i:10.1136/bm;j.331.7513.397

[2]. Gibson J, Drociuk D, Fabian T, et al.
Investigation of a ricin-containing envelope
at a postal facility—South Carolina, 2003.
MMWR  Morb  Mortal Wkly Rep
2003;52:1129-31.
(https:/lwww.cdc.gov/immwr/preview/mmwr
html/mmb5246a5.htm)

[3]. Mayor S.UK doctors warned after ricin
poison found in police raid. BrMed J 2003;
326:126. doi:
https://doi.org/10.1136/bm;j.326.7381.1

DOI: 10.35629/7781-070212921301 | Impact Factor value 7.429 |1SO 9001: 2008 Certified Journal Page 1297


https://doi.org/10.1136/bmj.326.7381.126

International Journal of Pharmaceutical Research and Applications
Volume 7, Issue 2 Mar-Apr 2022, pp: 1292-1301 www.ijprajournal.com

&N

1JPRA Journal

[4]. Audi J, Belson M, Patel M, Schier J, amino acids. J. Nutr. 1971, 101,1185-1192.
Osterloh  J. Ricin poisoning: a [17]. Ani AO. Effects of graded levels of dehulled
comprehensive review. JAMA. and cooked castor oil bean (Ricinus
2005;294(18):2342-2351. communis L.) meal and supplementary L-
doi:10.1001/jama.294.18.2342 lysine on performance of broiler finishers. J.

[5]. CDC. Chemical emergencies, facts about Trop. Agric. Food Environ. Ext. 2007, 6,89—
ricin. Atlanta, GA: Centre for Disease 97.

Control and Prevention; 2004. [18]. TanglH.Onthefeedingvalueofextractedcastor
https://emergency.cdc.gov/agent/ricin/facts.a -oilmeal.KiserletuegyiKoezlemenyek1939,
sp [19]. 41, 69-72.

[6]. Lee MD, Wang RY. Toxalbumins. In; Brent [20]. Alexander J, Benford D, Cockburn A,
J, Wallace KL, Burkhart KH, Phillips SD, Cravedi JP, Dogliotti E, di Domenico A, et
Donovan JW, editors. Critical care al. Scientific opinion of the panel on
toxicology. Philadelphia (PA): contaminants in the food chain on a request
ElsevierMosby; 2005. p. 1345-9. from the European commision on ricin (from

[7]. Marshall E. Bracing for a biological Ricinus ~ communis) as  undesirable
nightmare. Science 1997;275:745. substances in animal feed. EFSA J. 2008,

[8]. Ogunniyi, D.S. Castor oil: A vital industrial 726,1-38.
raw material. Bioresour. Technol. 2006, 97, [21]. Barnes DJ, Baldwin BS, Braasch DA.
1086-1091. Degradation of ricin in castor seed meal by

[9]. Mutlu H, Meier, M.A.R. Castor oil as a temperature and chemical treatment. Ind.
renewable resource for the chemical Crops Prod. 2009, 29,509-515.
industry. Eur. J. Lipid Sci. Technol. 2010, [22]. GuptaA.P,AntilRS,NarwalRP.Utilizationofd
112,10-30. eoiledcastorcakeforcropproduction.Arch.

[10]. Behl CR, Pande MB, Pande DP, Radadia, Agron. Soil Sci. 2004, 50, 389-395.

M.S. Nutritive value of matured wilted [23]. Lima RLS, Severino LS, Sampaio LR,
castor (Ricinus communis Linn.) leaves for Sofiatti V, Gomes JA, Beltrdo, N.E.M.
crossbred sheep. Indian J. Anim. Sci. 1986, Blends of castor meal and castor husks for
56,473-474. optimized use as organic fertilizer. Ind.

[11]. Robb JG, Laben RC, Walker HG, Jr.; Crops Prod. 2011, 33, 364-368.

Herring, V. Castor meal in dairy rations. J. [24]. Olsnes S. The history of ricin, abrin and
DairySci. related toxins. Toxicon. 2004;44(4):361-370.

[12]. 1974, 57, 443-450. doi:10.1016/j.toxicon.2004.05.003

[13]. Gowda NKS, Pal DT, Bellur SR, Bharadwaj [25]. Franz, D.R. & Jaax, N.K. Ricin Toxin, In:
U, Sridhar M, Satyanarayana ML, et al. Medical Aspects of Chemical and Biological
Evaluation of castor (Ricinus communis) Warfare, Sidell F.R., Takafuji, E.T. & Franz,
seed cake in the total mixed ration for sheep. D.R. (Eds), 631-642, Walter Reed Army
J. Sci. Food Agric. 2009, 89,216-220. Medical Center, Borden Institute,1997,

[14]. Balogun JK, Auta J, Abdullahi SA, Agboola ISBN-10 9997320913.

OE, Potentials of Castor Seed Meal [26]. Olsnes S, Pihl A. Ricin - a potent inhibitor
(Ricinus communis L.) as Feed Ingredient of protein  synthesis. FEBS  Lett.
for Oreochromis Niloticus. In Proceedings 1972;20(3):327-329. doi:10.1016/0014-
of the 19th Annual Conference Fisheries 5793(72)80098-x

Society Nigeria, llorin, Nigeria, 29 [27]. Olsnes S. & Pihl A. Toxic lectins and related
November—-3 December 2004; Fisheries proteins. In. Molecular Actions of Toxins
Society of Nigeria: llorin, Nigeria, 2005; and Viruses, Elsevier Press, 1982 ISBN-
pp.838-843. 100444804005,

[15]. Diniz LL, Valadares Filho SC, de Oliveira [28]. Virginia I. Duncan R and Smith LA, et al
AS, Pina DS, de Lima da Silva N, Benedeti Carbohydrate-specifically Polyethylene
PB, Castor bean meal for cattle finishing: 1— Glycolmodified Ricin  A-chain  with
nutritional parameters. Livest. Sci. 2011, Improved Therapeutic Potential.  Ricin
135,153-167. Perspective in Bioterrorism. Int J Biochem

[16]. Vilhjalmsdottir L, Fisher H. Castor bean Cell Biol: 2005;37;1525-1533, ISSN: 1357-
meal as a protein source for chickens: 2725
Detoxification and determination of limiting

DOI: 10.35629/7781-070212921301 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1298



International Journal of Pharmaceutical Research and Applications
Volume 7, Issue 2 Mar-Apr 2022, pp: 1292-1301 www.ijprajournal.com

[\
1JPRA Journal

[29]. Sausville EA, Headlee D, Stetler-Stevenson University Experimental Station,
M, et al. Continuous infusion of the anti- Washington, D.C.,1918
CD22 immunotoxin 1gG-RFB4-SMPT-dgA [42]. S. M. Whitby, Biological Warfare Against
in patients with B-cell lymphoma: a phase | Crops, Palgrave Macmillan, 2002: 81.
study. Blood. 1995;85(12):3457-3465. [43]. Cope AC, Dee J, Carman RK, Chapter 12,
ISSN 0006-497 "Ricin," in B. Renshaw (ed), Summary

[30]. Vitetta ES, Stone M, Amlot P, et al.Phase | Technical Report of Division 9, National
Immunotoxin Trial in Patients with B cell Defense Research Committee, 1946.1, PB
lymphoma. Cancer Res, 2005; 51:4052- 158507-8.

4058, ISSN Online 1538-7445; ISSN Print [44]. Balint GA. Ricin: the toxic protein of castor
0008-5472 oil seeds. Toxicology. 1974;2(1):77-102.

[31]. Kreitman RJ, Squires DR, Stetler- do0i:10.1016/0300-483x(74)90044-4
Stevenson, et al. Phase | trial recombinant [45]. Bradberry SM, Dickers KJ, Rice P, et al.
immunotoxin RFB4(dsFv)-PE38 (BL22) in Ricin poisoning. Toxicol Rev.
patients with B-cell malignancies. J Clin [46]. Nicolson GL, Blaustein J, Etzler ME.
Onco: 2005;23; 6719-6729, ISSN 0277- Characterization of two plant lectins from
5379 Ricinus communis and their quantitative

[32]. Cope AC, Dee J, Cannan RK, et al. interaction with a murine lymphoma.
Chemical Warfare Agents and Related Biochemistry. 1974;13(1):196-204.
Chemical Problems—Part 1. Summary doi:10.1021/bi00698a029
Technical Report of  Division 9. [47]. Olsnes S. Ricin and ricinus agglutinin, toxic
Washington,DC:National Defense Research lectins from castor bean. Methods Enzymol.
Committee. 1945;179-203. 1978;50:330-335. d0i:10.1016/0076-

[33]. Eitzen E, Palvin J, Cieslak T, et al. Medical 6879(78)50037-2
Management of Biological Casualties [48]. Endo Y, Tsurugi K. RNA N-glycosidase
Handbook. eds 3rded. Fort Detrick, activity of ricin A-chain. Mechanism of
Frederick, Md: US  ArmyMedical action of the toxic lectin ricin on eukaryotic
Researchinstitute of Infectious Diseases. ribosomes. J Biol Chem.
1998;101-106. 1987;262(17):8128-8130.

[34]. Crompton R, Gall D. Georgi Markov--death [49]. Moazed D, Robertson JM, Noller HF.
in a pellet. Med Leg J. 1980;48(2):51-62. Interaction of elongation factors EF-G and
d0i:10.1177/002581728004800203 EF-Tu with a conserved loop in 23S RNA.

[35]. Knight B. Ricin--a potent homicidal poison. Nature. 1988;334(6180):362-364.
Br Med J. 1979;1(6159):350-351. d0i:10.1038/334362a0

[36]. Parker DT, Parker AC, Ramachandran CK, [50]. Lord JM, Roberts LM, Robertus JD. Ricin:
Part 3, "Ricin,” in Joint CB Technical Data structure, mode of action, and some current
Source Book, Vol. IV, Joint Contact Point applications. FASEB J. 1994;8(2):201-208.
Directorate, U.S. Army Dugway Proving [51]. Audi J, Belson M, Patel M, et al. Ricin
Ground, Utah, 1996. poisoning: a comprehensive review. JAMA.

[37]. Lusweti Agnes et.al.Ricinus communis 2005;294(18):2342-2351.

(Castor oil Plant) BioNet-EAFRINET. doi:10.1001/jama.294.18.2342

[38]. Rojas SJ, Acevedo RP, Ricinus communis [52]. Lamb FI, Roberts LM, Lord JM. Nucleotide
(Castor bean), Invasive Species sequence of cloned cDNA coding for
Compendium 2014. preproricin. Eur J Biochem.

[39]. Zilinskas RA. Iraq’s biological weapons: the 1985;148(2):265-270.  doi:10.1111/j.1432-
past as future? JAMA. 1997;278:418- 1033.1985.th08834.x
424 PMID: 9244334 [53]. Roberts LM, Lamb FI, Pappin DJ. The

[40]. Centers for Disease Prevention and Control. primary sequence of Ricinus communis
Investigation of a ricin-containing envelope agglutinin. Comparison with ricin. J Biol
at a postal facility—South Carolina, 2003. Chem. 1985;260(29):15682-15686.

MMWR Morb MortalWkly Rep. [54]. Marshall RS, Frigerio L, Roberts LM.
2003;52:1129-1131. Disulfide formation in plant storage

[41]. Williams RR, Final Report on Ricin, Report vacuoles permits assembly of a multimeric
#OM347.4, Offensive Chemical Research lectin. Biochem J. 2010;427(3):513-521.
Division, Bureau of Mines, American

DOI: 10.35629/7781-070212921301 | Impact Factor value 7.429 |1SO 9001: 2008 Certified Journal Page 1299



International Journal of Pharmaceutical Research and Applications
Volume 7, Issue 2 Mar-Apr 2022, pp: 1292-1301 www.ijprajournal.com

&N

1JPRA Journal

Published 2010 Apr 14,
doi:10.1042/BJ20091878

Medicinal Plant, 2012;6(7):511-520. DOlI:
10.3923/rjmp.2012.511.520

[55]. Sweeney EC, Tonevitsky AG, Temiakov [68]. Singh RK, Gupta MK, Katiyar D,et al ; IN-
DE.et al, Preliminary crystallographic VITRO ANTIOXIDANT ACTIVITY OF
characterization of ricin agglutinin. Proteins THE SUCCESSIVE EXTRACTS OF
1997, 28, 586-589. RICINUS COMMUNIS STEMS; IJPSR

[56]. Ricinus communis L. in GBIF Secretariat (2010):1(8) 100-103.
(2021). GBIF Backbone Taxonomy. http://dx.doi.org/10.13040/1JPSR.0975-
https://doi.org/10.15468/390mei 8232.1(8-S).

[57]. Ahmad N, Mishra A ,Ahsan,F, et al Ricinus [69]. GUPTA MAHESH KUMAR.; SHARMA
Communis: Pharmacological actions and P.K.; ANSARI S. H.; In-vitro antioxidant
marketed medicinal products. World Journal activity of the successive extracts of Ricinus
of pharmaceutical and life sciences, communis leaves International Journal of
2016;2(6); 179-188. plant Sciences (2006) 1 (2) : 229-231.

[58]. Eland S. Ricinus communis, Plant [70]. Taur DJ, Patil R, Antiasthmatic activity of
Biographies. 2008, 1 -4 Ricinus communis L. Roots,

[59]. http://www.plantlives.com/docs/R/Ricinus_c [71]. Asian  Pacific Journal of  Tropical
ommunis.pdf [accessed on 14th July, 2014 Biomedicine 2011;1(1):13-16.

[60]. Jena J, Gupta AK. Ricinus communis Linn: DOI:10.1016/S2221-1691(11)60113-5
A Phytopharmacological review. [72]. Taur DJ, Asian Pacific Journal of Tropical
International Journal of Pharmacy and Biomedicine 2011;139-141
Pharmaceutical Sciences, 2012; 4 (4): 25-29. [73]. Taur DJ, Lat. Am. J. Pharm. 2011;30 (6):
ISSN 0975-1491 1226-8.

[61]. Obumselu FO, Okerulu 10, Onwukeme VI, [74]. Kumar A, Singh V, Ghosh S, An
et al. Phytochemical and Antibacterial experimental evaluation of in vitro
analysis of the leaf extracts of Ricinus immunomodulatory activity of isolated
communis. Journal of Basic Physical compound of Ricinus communis on
Research, 2011; 2 (2): 68-69. neutrophills. Int. J. Green Pharma,

[62]. Nath S, Choudhury MD, Roychoudhury S, 2011:1;201- 204.
et al. Restorative Aspect of Castor plant on [75]. Sandhyakumary K, Bobby RG, Indira M.
Mammalian Physiology: A review. Journal Antifertility effects of Ricinus communis
of Microbiology, Biotechnology and Food (Linn) on rats. Phytother Res.
Sciences, 2011;1 (2): 236-243. 2003;17(5):508-511. doi:10.1002/ptr.1308

[63]. Rana M, Dhamija H, Prashar B, et al. [76]. Rachhadiya RM., Kabra MP, Shete RV.
Ricinus communis L.- A Evaluation of antiulcer activity of castor oil
Review.International Journal of Pharm Tech in rats; International Journal of Research in
Research, 2012; 4 (4):1706-1711. ISSN- Ayurveda & Pharmacy,2011: 2(4):1349-
0974-4304 1353.

[64]. Sibi G, Kaur G, Devi G, et al, Anti-dandruff [77]. Sharma S, Singh T, Vijayvergia R. 20009.
Activity of Ricinus communis L. Leaf Molluscicidal activity of some medicinal
Extracts. International Journal of Current plants. In Journal of Herbal Medicine and
Pharmaceutical Research, 2012; 4 (3): 74- Toxicology,2009:3(2):155-157.

76. [78]. Upasani SM, Kotkar HM, Mendki PS,

[65]. Friedman MH, Andreu MG, Quintana HV, Maheshwari VL. Partial characterization and
et al. Ricinus communis, Castor Bean, insecticidal properties of Ricinus communis
University of Florida. 2013, 1-2 L foliage flavonoids. Pest Manag Sci.

[66]. Rogers, Kara. "Ricin". Encyclopedia 2003;59(12):1349-1354. doi:10.1002/ps.767
Britannica, Invalid Date, [79]. Ramos-Lopez MA, Perez S, Rodriguez-
https://www.britannica.com/science/ricin. Hernandez C. Activity of Ricinus communis
Accessed 14 June 2021 (Euphorbiaceae) against Spodoptera

[67]. Oloyede GK; Antioxidant activities of frugiperda (Lepidoptera: Noctuidae). In
Methyl Ricinoleate and Ricinoleic Acid African Journal of
Dominated Ricinus communis seeds Extract Biotechnology;2010:9(9):1359-1365.

Using Lipid Peroxidation and Free Radical DOI:10.5897/AJB10.1621
Scavenging Methods; Research Journal of
DOI: 10.35629/7781-070212921301 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1300


https://doi.org/10.15468/39omei
https://www.britannica.com/science/ricin.%20Accessed%2014%20June%202021
https://www.britannica.com/science/ricin.%20Accessed%2014%20June%202021
https://dx.doi.org/10.3923/rjmp.2012.511.520
http://dx.doi.org/10.1016/S2221-1691(11)60113-5
http://dx.doi.org/10.5897/AJB10.1621

International Journal of Pharmaceutical Research and Applications
Volume 7, Issue 2 Mar-Apr 2022, pp: 1292-1301 www.ijprajournal.com

&N

1JPRA Journal

[80].

Elimam AM, Elmalik KH, Ali FS.
Larvicidal, adult emergence inhibition and

monkeys. Vet Pathol. 1996;33(3):296-302.
doi:10.1177/030098589603300306

oviposition deterrent effects of foliage [93]. POISINDEX ® Editorial staff:Castor beans
extract from Ricinus communis L. against (Management/Treatment ~ Protocol).  In:
Anopheles arabiensis and Culex Klasco RK, ed. POISINDEX ®System.
quinquefasciatus in Sudan. Trop Biomed. Greenwood Village; Colorado; thomson
2009;26(2):130-139. PMID: 19901899 MICROMEDEX. (Edition expires[Nov,
[81]. lavarasan R, Mallika M, Venkataraman S. 2003]).
Anti-inflammatory  and  free  radical [94]. He X, McMahon S, Henderson TD I,
scavenging activity of Ricinus communis Griffey SM, Cheng LW. Ricin
root extract. J Ethnopharmacol. toxicokinetics and its sensitive detection in
2006;103(3):478-480. mouse sera or feces using immuno-PCR.
d0i:10.1016/j.jep.2005.07.029 PLoS One 2010, 5,
[82]. Valderramas AC, Moura SH, Couto M, et al, doi:10.1371/journal.pone.0012858.
Anti-inflammatory  activity of Ricinus [95]. Jang HY, Kim JH. Isolation and biochemical
communis derived polymer; Braz J Oral properties of ricin from Ricinus communis.
Sci.;2008:7(27):1666-1672. Korean Biochem. J. 1993, 26,98-104.
https://doi.org/10.20396/bjos.v7i27.8642494 [96]. LinJY,Liu
. SY .Studiesontheantitumorlectinsisolatedfro
[83]. Saini AK, Goyal R, Gauttam VR. Evaluation mtheseedsof
of anti-inflammatory potential of Ricinus [97]. Ricinus communis (castor bean). Toxicon
communis Linn leaves extracts and its 1986, 24, 757-765.
flavonoids  content in  Wistar rats, [98]. Roy CJ, Hale M, Hartings JM, Pitt L,
J.Chem.Pharm. Res., 2010: 2(5):690-695. Duniho S. Impact of inhalation exposure
[84]. Coopman V, De Leeuw M, Cordonnier J, modality and particle size on the respiratory
Jacobs W. Suicidal death after injection of a deposition of ricin in BALB/c mice. Inhal.
castor bean extract (Ricinus communis L.). Toxicol. 2003, 15, 619-638.
Forensic Sci Int. 2009;189(1-3):e13-e20.
doi:10.1016/j.forsciint.2009.04.019
[85]. Mohammad Moshiri, Fatemeh Hamid, and
Leila Etemad, Ricin Toxicity: Clinical and
Molecular Aspects 2016 Apr; 4(2): 60-65.
[86]. Bradberry S, Ricin and abrin. Medicine.
2016;44(2):109-110.
[87]. Fodstad O, Kvalheim G, Godal A, et al.
Phase | study of the plant protein ricin.
Cancer Res. 1984;44(2):862-865.
[88]. Fine DR, Shepherd HA, Griffiths GD, Green
M. Sub-lethal poisoning by self-injection
with ricin. Med Sci Law. 1992;32(1):70-72.
doi:10.1177/002580249203200117
[89]. Balali-Mood M, Moshiri M. Problems of
Clinical Diagnosis and Management of a
Deliberate Biological Born Disease. J
Bioterror Biodef. 2015;6:e113.
[90]. Pincus SH, Smallshaw JE, Song K.et al.
Passive and active vaccination strategies to
prevent ricin poisoning. Toxins. 2011
Sep;3(9):1163-84.
[91]. Challoner KR, McCarron MM. Castor bean
intoxication. Ann Emerg Med.
1990;19(10):1177-1183. doi:10.1016/s0196-
0644(05)81525-2
[92]. Wilhelmsen CL, Pitt ML. Lesions of acute
inhaled lethal ricin intoxication in rhesus
DOI: 10.35629/7781-070212921301 | Impact Factor value 7.429 |1SO 9001: 2008 Certified Journal Page 1301


https://www.ncbi.nlm.nih.gov/pubmed/?term=Moshiri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27536698
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamid%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27536698
https://www.ncbi.nlm.nih.gov/pubmed/?term=Etemad%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27536698

