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Abstract

Objective: Castor bean (CB) (Ricinus communis) contains a highly
toxic natural compound called ricin. We retrospectively reviewed
the documents of CB-poisoned cases referred to the clinical
toxicology department of Imam Reza Hospital affiliated with
Mashhad University of Medical Sciences, Mashhad, Iran.
Materials and Methods: Patients’ data including epidemiological
variables, rout and amount of CB ingestion, clinical and laboratory
findings, and type of treatment were extracted from hospital
documents.

Results: Twelve cases of CB ingestion, with mean age
29.42+21.19 years (4 to 70 years), 4 children (33.3%), and two
elderly people (16.7%), were included in the study. All of them
were intoxicated by oral ingestion of CB. The mean number of
ingested CBs was 4.83+3.16 seeds (range 1-10, median 5 seeds).
The most common complaint of the cases (n=11, 91.67%) was
frequent vomiting, followed by nausea (n=7, 41.7%) and diarrhea
(n=4, 33.3%). Vomiting more commonly occurred up to the second
hour after seeds ingestion and at a frequency of 8 to 21 times. The
vital signs of all cases were in normal ranges and no tachycardia,
hypotension, or tachypnea was recorded. Also, all laboratory results
were normal, except metabolic acidosis (pH 7.3) in one case (8.3%).
All cases were discharged in good condition with conservative
treatment after 19.5+15.3 hr (12-45 hr, median=22 hr). None of
them reported any problem in follow-up.

Conclusion: The majority of our cases were mild. Gastrointestinal
problems, especially frequent vomiting, were the most common
complaints. Conservative management was effective in mild to
moderate cases.

Please cite this paper as:

Moshiri M, Ramazani Y, Akhgari N, Dadpour B, Etemad L. Clinical and laboratory findings in patients with castor
bean (Ricinus communis L.) poisoning referred to Imam Reza hospital in northeast of Iran, from April 2015 to
March 2020. Avicenna J Phytomed, 2025. Epub ahead of print.

Epub ahead of print 1


mailto:etemadl@mums.ac.ir

Mosbhiri et al.

Introduction

Ricinus communis (Castor) is an

evergreen herbaceous or semi-woody large
shrub or small tree. It is widespread
throughout tropical and subtropical areas
around the world. The high similarity of
Castor bean (CB) to edible beans leads to
CB intoxication. It was reported that 1-5%
of the weight of CB is ricin toxin (RT), that
is a highly toxic substance (Moshiri et al.
2016). RT is a water-soluble heat-stable
glycoprotein (Worbs et al. 2011) that is
stable under ambient conditions (Centers
for Disease Control and Prevention 2018).
RT can be absorbed and cause poisoning
through oral, inhalation, injection, and eye
contact (Balali-Mood et al. 2013).

RT has two chains called A and B. The
B chain binds to the cell surface and helps
the A chain to enter the cell. The A chain
inhibits the protein synthesis inside the cell.
One molecule of RT can deactivate 2000
ribosomes every minute, and leads the cells
to death (Doan 2004).

However, CB intoxication is not
common, and it could be severe or even
lethal. In patients who ingest CB, abdominal
pain, pharynx and larynx irritation,
vomiting, and diarrhea are the initial
symptoms of poisoning. Ingestion of RT can
also cause various types of gastrointestinal
bleeding such as hematoma, melena, and
hematochezia due to necrosis of the
disturbed parts of the digestive tract.
Necrosis also occurs in the liver, spleen, and
kidneys (Balali-Mood et al. 2013; Moshiri et
al. 2013; Olsnes and Kozlov 2001). Other
serious complications of CB ingestion
include dehydration, hypotension,
tachycardia, cyanosis, hypovolemic shock,
kidney failure, acute vascular leakage
syndrome, hypoglycemia, and hemolysis.

We  retrospectively  reviewed the
documents of CB-poisoned cases who were
referred to the clinical toxicology
department of Imam Reza Hospital affiliated
with Mashhad University of Medical
Sciences, Mashhad, Iran (CTD-IRH-
MUMS).

Materials and Methods

This research presents a retrospective
cross-sectional study from April 2015 to
March 2020 and was designed to review the
reported cases with a diagnosis of CB
ingestion who were referred to CTD-IRH-
MUMS. Documents were selected
according to ICD-10 codes that were
recorded by the hospital information system
based on the confirmed diagnosis of
patients by physicians at discharge. The
final diagnosis was performed according to
the patients’ history taken from themselves,
their family or friends, and the clinical
suggestion of physicians. No toxicology
laboratory tests were carried out for
diagnosis. All documents with incomplete
data (more than 50% of variables) were
excluded.

A checklist was used to collect data.
Data of all patients, such as
epidemiological, rout and amount of CB
ingestion, clinical and laboratory findings,
type of treatment, outcome, and length of
hospital stay were extracted from
documents by maintaining individual
privacy and confidentiality. The patients’
data were coded and registered. This study
was approved by ethical committee of MUMS
(IR.MUMS.MEDICAL.REC.1398.726).

Statistical analysis

Statistical analysis was performed with
the IBM SPSS software version.16.
Quantitative variables are reported as
MeanzSD and qualitative variables are
reported in percentage frequency. The
means of age of two sexes was compared by
impaired T test. The means of vital signs in
various times of hospitalization were
compared by ANOVA. A p-value of lower
than 0.05 was considered significant.

Results

Twelve cases of CB ingestion were
referred to CTD-IRH-MUMS from April
2015 to March 2020. The mean age was
29.42+21.19 years (4 to 70 years) and 6
cases (50%) were male (Tables 1 and 2).
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More than half of the patients (7 cases,
58.3%) were married. There were four
children (33.3%) and two elderly (16.7%).
The most of the cases lived in the city. All
of the cases were intoxicated through oral
ingestion of CB. The mean number of
ingested CBs was 4.83+£3.16 (range 1-10,
median 5 seeds) and two cases ingested 10.
Seven cases were members of a family that
fried the CBs and then chewed thoroughly
and tasted them. Four patients (33%)
chewed completely raw castor seeds. The
exact type of ingestion in one case was not
defined. Although 9 patients (83.3%)
accidentally consumed CBs, two cases

(16.7%) had consumed them out of
curiosity (30 and 40-year-old women).
There were no suicidal or self-harm
attempts.

The most common complaint of the
patients was frequent vomiting (11 cases,
91.67%) followed by nausea (5 cases,
41.7%). Some of them vomited 8 to 21
times despite antiemetic treatment.
Vomiting more commonly occurred
between the first and the second hours after
seed swallowing. Four cases (33.3%)
experienced diarrhea as well. Bloating and
abdominal pain was reported only in one
case (Table 2).

Table 1. The means of age (year) in both sexes of caster been
intoxicated patients referred to CTD-IRH-MUMS during 2015 — 2020

sex Number (%)  Mean £SD Median (Min- Max) p-value
Men 6 (50.0%) 211742519 20.5 (4-70)

0.432
Women 6 (50.0%) 31.60+18.49  34.5(8-60)
Total 12 (100.0%) 29.42421.19 31 (4-70)

Table 2. Demographic and the main complaints of caster bean intoxicated patients referred to CTD-

IRH-MUMS during 2015 — 2020

Case Age gender marital Place of The main complaints Number of Lag time*
number (year) status residence ingested seeds (hours)
1 15 male single City Frequent vomiting ( >10 times) 10 9
2 38 male married City Vomiting ( 8 times) Not reported 9
Nausea
3 37 male married City Frequent vomiting(>10 times) 10 9
4 60 male married City watery diarrhea 6 5
Frequent vomiting (>10 times)
5 11 female single City Frequent vomiting 2 5
6 8 female single City Flatulence 5 7
7 8 male single City Vomiting 3 7
8 70 female married City Frequent vomiting (>10 times) 7 9
9 4 female single City watery diarrhea Unknown 8
Frequent vomiting (>10 times)
Lethargy
10 40 female married Village Frequent vomiting 1 3
11 30 female married City Frequent vomiting 1 9
Diarrhea
Abdominal pain
12 32 male married City Abdominal pain 5 Not reported

Frequent vomiting (>10 times)

Anorexia

*Lag time between ingestion of caster been and hospitalization
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The results of liver and kidney function
tests, coagulation tests, and electrolyte
levels were in age- and sex-related
reference ranges (Tables 3 and 4). Only one
case (8.3%) had a transient mild metabolic
acidosis of unknown etiology (pH 7.3). The
blood cell counts of all patients were within
the normal range (Table 3).

The means of vital signs of adult cases
at admission were as follows: heart rate
88.87+9.92 beats/ minute, blood pressure
117.86+16.30/74.28+7.87 mmHg,
respiratory rate 16.71+1.25 cycles/minute
and Dbody temperature 37.10+0.30°C
(Table 5). There was no significant
difference between the vital signs of adult
patients during their hospitalization. In
children, the vital signs were within normal
limits. There were no cases of tachycardia,
hypotension, or tachypnea according to the
age of the patients. No loss of
consciousness was recorded at admission
or during hospitalization, except for one
case who was lethargic at admission and

became alert a few hours later. All patients

were  treated  conservatively  with
electrolyte  solutions and antiemetic
medicine (metoclopramide and/or

ondansetron). Half of the cases received
activated charcoal, however, others could
not tolerate charcoal due the frequent
vomiting. None of the cases were
decontaminated by gastric lavage, because
of hospitalization more than one hour after
ingestion or the large volume and repeated
vomiting before admission. Due to the lack
of asingle approved protocol at that period,
some suggested treatments were performed
by different physicians. They included
dexamethasone (7 cases, 58.3%), vitamin
C (6 cases, 50%), and N-acetyl cysteine
(n=3 cases, 25%). There was no difference
in the prognoses of all cases. No mortality
or disability was reported. All the cases
were discharged after 19.5+15.3 hr (12-45
hr, median=22 hr) in good condition. None
of them reported any problem in follow-up.

Table 3. The results of blood sugar, serum electrolytes, blood gas levels, hematologic indexes, and creatinine
phosphokinase serum level of patients (at admission) who ingested caster bean and referred to CTD-IRH-MUMS

during 2015 — 2020

Case  Na K Ca PCO2  HCO3 CPk  BS wBc Hb Pt
number  (mmol/l)  (mmol/l)  (mmol/l) pH (mmHg) (meg/l) mcg/L  (mg/dl) (x10"3ul)  (g/dl)  (x107°3 pl)
1 138 3.9 736 42 212 110 5.8 14.2 185
2 143 37 735 40 20.4 216 89 6.8 13.8 234
3 141 42 742 41 26.1 98 74 15.3 246
4 137 37 741 36 21.2 124

5* 140 3.6 9.5 744 30.2 205 173 105 85 13.7 228
6* 141 3.6 9.7 746 284 204 91 7.1 13 289
7% 139 4 10.2 7.36 456 25.8 227 110 9.2 14 340
8 135 41 735 34 21.3 118

g* 138 39 9.9 7.3 37.7 18.8 91 111 9.5 125 251
10 138 38 736 481 275 112 141 9.8 124 272
11 137 3.7 732 56.3 29.1 84 97 6 12.6 238
12 143 54 112 134 8.4 14.3 287

BS= Blood sugar, Ca=calcium, CPK= creatinine phosphokinase, Hb=Hemoglobin, K=potassium, NA= sodium,
Plt=Platelet, WBC= White Blood Count, *=child
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Table 3. The liver and kidney function and coagulation tests results of patients who ingested caster bean and referred to CTD-IRH-MUMS during 2015 — 2020

AST (UIL) ALT (UL) ALP (U/L) Bili T (mg/dl) Bili D (mg/dl) PT (s) PTT(s) INR CR (ml/dI) Urea (ml/dI)
(@]
QD
8 2 L 5 2 4 B 2 o 2 Z o 5 2 o = § o - S z - z - z -
e & = z & = =z & = =z & = =z &8 2T =z =& 2 g = 8 z Z g g g
g Z B s 7 B 3 z 2 g Z 2 g 3z 2 = 2 z 7 5 Z g 2 B z =
] 8. T = 23 3 & 1) @ z 2] @ z 1] @ 3 @, @ @, 3 @, D a 3 1] 3
o = = o = < o = o = o = =} o = o = = o =
S =] =] S =1 =1 =1 S S =]
1 19 18 15 16 17 12 547 486 435 09 06 04 02 02 02 157 24 1.4 09 09 16 20
2 2 19 17 16 16 16 239 18 192 12 11 19 03 03 05 144 25 1.26 14 12 32 30
3 19 16 13 26 25 21 199 157 158 11 09 02 02 14.7 33 13 13 12 34 33
4 19 19 24 17 17 18 152 123 117 13 11 17 03 03 05 149 25 1.33 15 12 35 31
5% 24 30 0 9 848 0.8 0.2 158 125 31 31 146 1 0.8
6% 28 29 12 11 750 620 08 0.2 150 13 31 27 134 107 06
™™ 21 28 13 14 870 703 0.6 02 150 125 28 33 134 1 07
8 13 16 15 14 17 13 142 140 155 08 06 06 01 02 02 147 31 13 11 09 24 17
9 29 42 39 13 11 24 454 288 05 02 150 115 25 27 134 087 06
10 27 35 142 11.8 28.9 0.97 08
1 14 7 134 13.4 34 1.2 0.7
12 37 45 180 0.9

ALP= Alkaline phosphatase, ALT= Alanine transaminase, AST = Aspartate transaminase, Bili,D=Bilirubin direct, Bili T= Bilirubin total, CR= Creatinine, INR= international
normalized ratio, PT= Prothrombin time, PTT= partial thromboplastin time, *=child

Table 5. Recorded vital signs of caster bean intoxicated patients referred to CTD-IRH-MUMS during 2015 — 2020

Case number _ Heart rate (beats/ min) Blood pressure (mm Hg) Temperature (°C) Respiratory rate (cycles /min)

P4 = = > > >

g z 7 5 2 g = z 5 = 8 s 2 5 = gz 3 2 & =

S - - = = S = = < < S = = ) < S = = < [
1 81 88 96 84 78  110.70 105.75 110.70 110.60 105.60 37.7 37.3 36.4 36.4 36.4 17 15 16 18 15
2 88 82 78 93 87 100/70 100/60 120/80 110/60 115/70 37.0 371 37.0 371 372 17 15 16 14 17
3 88 96 84 83 91 110/70 110/70 110/70 115/80 110/60 37.0 36.4 37.1 37.2 37.1 17 16 17 17 18
4 88 93 84 85 67 110/70 120/80 110/60 110/60 115/65 37.0 36.5 371 372 36.5 16 15 15 14 15
5* 98 94 95 85 80  100/60 105/60 105/60 110/60 110/60 37.0 37.1 37.0 37.1 37.2 26 27 24 23 23
6* 96 98 98 105/60 105/60 107/55 36.0 36.5 37.0 20 22 25
™ 94 96 98 100/65 105/65 105/60 37.0 372 371 22 24 20
8 81 89 84 80 88  125/70 130/80 130/60 105/70 120/70 37.0 371 36.5 36.5 36.5 15 15 18 15 17
9* 120 103 95 120 95  100/60 90/60 105/75 100/70 100/75 37.0 37.0 371 372 371 22 25 21 25 22
10 84 80 80 76 78  100/68 100/70 100/60 105/65 100/60 37.1 37.0 37.1 37.1 37.0 16 17 14 16 17
11 110 119 109 112 - 150/90 130/92 135/88 130/92 37.0 36.8 37.0 371 16 19 20 18
12 80 86 88 76 120/80 110/80 114/78 112/82 36.9 37.0 37.1 37.1 19 18 18 19

*=child
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Discussion

In this study, 12 cases were referred to
CTD-IRH-MUMS with the diagnosis of
CB poisoning due to oral ingestion of the
seeds. Half of them were male. The most
common complaint of the patients was
frequent vomiting. There was no significant
difference in the vital signs of adult patients
at different hours of hospitalization. In
children, the vital signs were within the
normal range. There were no cases of
tachycardia, hypotension, or tachypnea
based on their age. There was no case of
suicide or self-harm. Also, most of the
patients were cured with supportive care
and discharged in good condition. There
was no difference in the prognoses of all
cases with different treatment protocols.

Ricin toxin is one of the most fatal
natural toxins that induces cell death via
protein synthesis inhibition (Moshiri et al.
2015; Moshiri et al. 2016). Accidental
poisoning with ricin has been reported
predominantly due to easy access to castor
seeds (Olsnes and Kozlov 2001).

Ricin poisoning manifestations can
differ depend on the exposure route. The
initial symptoms of ricin toxicity are non-
specific and can include abdominal pain,
diarrhea, nausea, vomiting, heartburn,
mydriasis, muscle cramps, anuria, fever,
thirst, electrolyte imbalance, hypotension,
and circulatory failure (Etemad et al. 2024;
Olsnes and Kozlov 2001). In the current
study, the most common clinical
manifestation was frequent vomiting in the
early stages. Melissa Abbes et al. (Melissa
Abbes 2021) reviewed the data of 50 cases
available all around the world from 1980 to
2020. In line with our findings, the most
common clinical presentation was acute
gastroenteritis (nausea, vomiting, diarrhea,
and abdominal pain).

According to one study in Isfahan, Iran,
the age of individuals exposed to ricin toxin
was between 20-39 years which was also
similar to our results (29.42+21.19 years,
median 31 years) and it may be related to
the culture of Asian countries in the use of
medicinal plants (Gheshlaghi et al. 2022).

However, in other studies, ricin poisoning
was more common in children due to their
curiosity (Krenzelok 1995). In the current
study, 33.3% of cases were children.

The oral lethal dose 50 (LD50) of ricin
in humans has been estimated at 20 mg/kg
of body weight (approximately 8 CBs)
(Moshiri et al. 2016). Because of variations
in the size, weight, moisture percentage of
the seeds, the season, and the age of the
plant, the seeds have different amounts of
ricin and therefore the estimated dose of
ricin in each seed is not accurate (Musshoff
and Madea 2009). Also, due to the
hardcover of seeds, the amount of released
poison is related to the level of chewing
(Moshiri et al. 2013). The number of
consumed seeds reported in the documents
(mild to lethal) ranges from 1.5 to 30 seeds.
The lowest number of seeds associated with
human death was two seeds (Olsnes 2004;
Olsnes and Kozlov 2001; Pincus et al.
2011). In the present study, most of the
patients had shown mild poisoning and two
cases that had eaten 10 castor seeds
presented severe digestive symptoms
without other symptoms of poisoning.

Thornton and his colleagues (2014) in a
retrospective study evaluated 84 castor
seed poisoned patients from 2001 to 2011.
All of them were orally intoxicated and
only one of them had liver transaminases
higher than the normal range (Thornton et
al. 2014). In the present study, liver and
kidney function tests, electrolytes level,
and blood cell count were reported within
normal limits. Only one case had a brief
reversible metabolic acidosis. However,
another study reported a two-year-old girl
with hypokalemia, metabolic acidosis, and
elevated lipase about four hours after
consumption of unspecified amounts of
castor seeds (Benamor et al. 2020).

Coagulation  disorders were not
reported in any of our patients. Hemolysis
happened only secondary to parenteral
administration of CB. Ricinus communis
agglutinin is a glycoprotein of CB that has
affinity for the red blood cell and induces
red blood cell agglutination and subsequent
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hemolysis. However, it is not significantly
absorbed from the gastrointestinal (Despott
and Cachia 2004).Unfortunately, none of
the cases were evaluated for hemolysis
later.

In 2012, a 42-year-old Saudi man
ingested an herbal medicine mixture
containing CB powder. The patient
presented in  the  hospital  with
gastrointestinal complications and a severe
decrease in blood pressure, and he died due
to shock and respiratory failure (Assiri
2012). In a case report from Malta, a 70-
year-old man went to the hospital with
complaints of gastroenteritis, tachycardia,
and low blood pressure after eating 10 CBs
by mistake. He was discharged with good
general condition after 7 days of
conservative management (Despott and
Cachia 2004). No mortality was found in
our study. We did not also have any case of
shock or severe hypotension.

Although the average time of death
depends on the severity and the route of
poisoning, it has been reported to occur
between 36-72 hr after toxin entry into the
body (Centers for Disease Control and
Prevention 2018; Olsnes and Kozlov 2001;
Pincus et al. 2011). However, no death was
reported in our study and patients were
discharged almost after 19 hr of
hospitalization ~ with ~ full  recovery.
Premature discharge of our patients might
be related to the lack of an approved
protocol at that period (Moshiri and Balali-
Mood 2018).

However, there are some cases of
severe or lethal RT poisoning secondary to
CB ingestion (Assiri 2012; Challoner and
McCarron 1990; Despott and Cachia 2004),
the majority of reported cases, similar to
our results, were mildly intoxicated (Audi
et al. 2005; Benamor et al. 2020; Challoner
and McCarron 1990; Gheshlaghi et al.
2022; Plenert et al. 2012; Thornton et al.
2014; Wedin et al. 1986). It seems the lack
of oral bioavailability of RT results in low
risk of severe RT toxicity in oral ingestion
of CB. RT is probably destroyed by
stomach acid and because of its large size,

has little absorption. In addition, in oral
consumption, the effect of the RT s
reduced due to the high affinity to the
carbohydrate molecules (galactose) that is
available in food or secreted by the mucous
membrane of the digestive system, (Balali-
Mood et al. 2013).

Several different compounds were
suggested for the treatment of RT
poisoning; such as difluoromethylor-
nithine, dexamethasone, and antioxidants
(Balali-Mood et al. 2013; Moshiri and
Balali-Mood 2018; Moshiri et al. 2013;
Moshiri et al. 2016) . However, none of
them is a specific antidote and, as the result
of current study, prompt treatment with
supportive care can decrease the morbidity
and mortality rate (Melissa Abbes 2021).

In conclusion, however, CB-poisoning
could be lethal; in the majority of the cases
it was mild. Gastrointestinal complaints,
especially frequent vomiting, were the most
common complaints. Conservative
management was effective in mild to
moderate cases.

Acknowledgment

The data reported in this article are part
of an M.D. thesis. We would also like to
thank the staff of CTD-IRH-MUMS for
their warm cooperation, and the Clinical
Research Development Unit, Imam Reza
Hospital, Mashhad University of Medical
Sciences, for their assistance in this
manuscript

Conflicts of interest
None declared.

Funding:
No funding to declare.

Declaration of generative Al and Al-
assisted technologies in the writing
process

During the preparation of this work, the
authors did not use any Al and Al-assisted
technologies to declare.

Epub ahead of print 7



Mosbhiri et al.

References

Assiri AS (2012) Ricin poisoning causing
death after ingestion of herbal medicine.
Ann Saudi Med 32(3):315-7
d0i:10.5144/0256-4947.2012.315

Audi J, Belson M, Patel M, Schier J, Osterloh
J (2005) Ricin poisoning: a comprehensive
review. JAMA 294(18):2342-51
doi:10.1001/jama.294.18.2342

Balali-Mood M, Moshiri M, Etemad L (2013)
Medical aspects of bio-terrorism. Toxicon
69:131-42
doi:10.1016/j.toxicon.2013.01.005

Benamor M, Gharbi E, Bouzid S, Chakroun-
Walha O, Rekik N (2020) Ricin poisoning
after oral ingestion of castor beans: A case
report and literature review. Afr J Emerg
Med 10(4):274-276
doi:10.1016/j.afjem.2020.06.002

Centers for Disease Control and Prevention
(2018) Facts about Ricin. In: The
Emergency Preparedness and Response
(EPR). National Center for Environmental
Health (NCEH).
http://www.bt.cdc.gov/agent/ricin/facts.as
p Accessed 04/08/2023

Challoner KR, McCarron MM (1990) Castor
bean intoxication. Annals of Emergency
Medicine 19(10):1177-1183

Despott E, Cachia MJ (2004) A case of
accidental ricin poisoning. Malta Med J
16(4):39-41

Doan LG (2004) Ricin: mechanism of toxicity,
clinical manifestations, and vaccine
development. A review. J Toxicol Clin
Toxicol 42(2):201-8 doi:10.1081/clt-
120030945

Etemad L, Balali-Mood M, Moshiri M (2024)
Bio warfare and terrorism: Toxins and
other mid-spectrum agents. In: Wexler P
(ed) Encyclopedia of Toxicology (Fourth
Edition). Academic Press, Oxford, p 63-76

Gheshlaghi F, Hashemi H, Haddad S, Meamar
R (2022) Epidemiological Study of
Patients Poisoned by Poisonous Plants in
Isfahan. Journal of Mazandaran University
of Medical Sciences 32(209):200-205

Krenzelok EP (1995) The use of poison
prevention and education strategies to
enhance the awareness of the poison
information center and to prevent
accidental pediatric poisonings. J Toxicol
Clin Toxicol 33(6):663-7
d0i:10.3109/15563659509010625

Epub ahead of print

Melissa Abbes MM, Christophe Curti, Patrice
Vanelle, (2021) Ricin poisoning: A review
on contamination source, diagnosis,
treatment, prevention and reporting of
ricin poisoning,. Toxicon, 195:92-86

Moshiri M, Balali-Mood M (2018) Medical
Approach to Ricin Poisoning, Available
on:https://fems.mums.ac.ir/images/ems/ins
tructions/medical_approach_to_ricin_pois
oning.pdf. In: Amdminsteration of passive
defence; Iranian Ministry of Health and
Medical Education (ed). Ministry of
Health and Medical Education, Iran.,
Tehran

Moshiri M, Etemad L, Balali-Mood M (2013)
Ricin: A Review. In: Gopalakrishnakone P
(ed) Toxinology: Biological Toxins and
Bioterrorism.  Springer  Netherlands,
Dordrecht, p 1-15

Moshiri M, Etemad L, Balali-Mood M (2015)
The Biowarfare Agent Ricin. In:
Gopalakrishnakone P, Balali-Mood M,
Llewellyn L, Singh BR (eds) Biological
Toxins and Bioterrorism.  Springer
London, p 43-61

Moshiri M, Hamid F, Etemad L (2016) Ricin
Toxicity: Clinical and Molecular Aspects.
Rep Biochem Mol Biol 4(2):60-5

Musshoff F, Madea B (2009) Ricin poisoning
and forensic toxicology. Drug testing and
analysis 1(4):184-91 doi:10.1002/dta.27

Olsnes S (2004) The history of ricin, abrin and
related toxins. Toxicon 44(4):361-70
doi:10.1016/j.toxicon.2004.05.003

Olsnes S, Kozlov JV (2001) Ricin. Toxicon
39(11):1723-8 d0i:10.1016/s0041-
0101(01)00158-1

Pincus SH, Smallshaw JE, Song K, Berry J,
Vitetta ES (2011) Passive and active
vaccination strategies to prevent ricin
poisoning. Toxins (Basel) 3(9):1163-84
d0i:10.3390/toxins3091163

Plenert B, Prasa D, Hentschel H, Deters M
(2012) Plant exposures reported to the
Poisons Information Centre Erfurt from
2001-2010. Planta Med 78(5):401-8
d0i:10.1055/s-0031-1298253

Thornton SL, Darracqg M, Lo J, Cantrell FL
(2014) Castor bean seed ingestions: a
state-wide  poison  control  system's
experience.  Clin  Toxicol  (Phila)
52(4):265-8
d0i:10.3109/15563650.2014.892124


http://www.bt.cdc.gov/agent/ricin/facts.asp
http://www.bt.cdc.gov/agent/ricin/facts.asp
https://ems.mums.ac.ir/images/ems/instructions/medical_approach_to_ricin_poisoning.pdf
https://ems.mums.ac.ir/images/ems/instructions/medical_approach_to_ricin_poisoning.pdf
https://ems.mums.ac.ir/images/ems/instructions/medical_approach_to_ricin_poisoning.pdf

Ricinus communis L poisoning

Wedin GP, Neal JS, Everson GW, Krenzelok Worbs S, Kohler K, Pauly D, et al. (2011)
EP (1986) Castor bean poisoning. Am J Ricinus communis intoxications in human
Emerg Med 4(3):259-61 and veterinary medicine-a summary of real
doi:10.1016/0735-6757(86)90080-x cases. Toxins (Basel) 3(10):1332-72

doi:10.3390/toxins3101332

Epub ahead of print 9



