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ABSTRACT

Castor bean seeds (Ricinus Communis}) is mainly a source of oil, used for technical purposes and as a
pargative. Pressed cake is used as leed and fertilizer after detoxification of seeds. Castor bean contains up to 25%
peoden, among the protein s the highly toxic fectin ricin. Destruction of ricin has been attempted by heat,certain
chemoprolectants, rrradiation and others,

The present work provides a comparative study on the changes of chemical constituen(s resulling from
gamama irradiation of Ricinus Communis seed at dose Jevels of 10, 20, 30, 40, 50 and 60 kGy and heat {Microwave
Suing Power 50°C) for 2, 4, 6 and 8 min.. Ultra vilot spectra of seed powder and hemagglutination activity were
camied out (as indicator of ricin levels). Also a study on the effects of diets contain irradhated (50 kGy) or heat
meated (siting power 50°C for 8 min.}) and raw castor bean after feeding Albino rats wasdone. Rats led dict
costained irradiated or heated castor bean showed a decrease in body weight, hemoglobin content, packed cell
volume. Serum alanine and aspartale aminolransferase activiles and uric acid level were elevated. Decrease of
bemagglutination activity of liver and kidney extracts were recorded. Patholgeic examination revealed destruction
of epithelium cells of small intestine of the group fed diet contains irradiated castor bean. Liver showed degenerative
chamees and spleen showed erosion and hemorrage. Kidney congestion was seen in groups fed  diels contuain
aradiated or heated castor bean.

INTRODUCTION

Ricnus Communis  seeds have been
found in Egyptian graves dating around 400
B.C. The seeds contain 1 mg / g ricin (1) and
up to 25% protein which can be pressed as
pressed cake used as food and fertilizer after
detoxification by heat (2) Ricin 15 an
extremely toxic phytotoxin formed from two
polypeptide (A and B chains) tinked together
by disulfure bound, tryptic hydrolysis gives
several peptides (3). Two agglutinins have
hemagglutinating  property and  different

sinusoidal cells, severe necrosis of red pulp of
spleen, sinusoidal hacmorrhage; severe gastro-
enteritis with  erosion (12-14). Atrophy ol
villus, elongation of crypt, degeneration of

epithelium, decrease of goblet cells, infiltration

of neutrophils  and eosinophils between
eptichlium and lamina propria and hydropic
change of small intestine of rat (15,16}
Glomerular thrombotic microangiopathy was
also recorded (17).

Certain chemoprotectants imtliibit
cytotoxicity of ricin (I18) . Ricinus Conununis
molecular weights were isolated and purified  agglutinin  dissociated to a lower molecular
from Ricinus Communis (RCAL, RCAIl) (4). weight when heated in sodium dodecy! sullale
The specificities of RCAl and RCAIl were in the absence of reducing agents (79).
determined by  inhibition of quantitative Toxicity can be blocked by diethyl malcate
precipitation of blood (5) . (20) and alpha mannosidase and
endoglycosidase H (21). Detoxication of ricin
could be achieved by cross linking of A and B
chains by 1,6 bismale imidohexane or N-
bromosuccinimide and the detoxicated ricin
caused no appreciable damage in the small

The lethal dose of purified ricin was |
ug/kg body weight for mouse , rat and dog,
while in rabbits it was 10 times more sensitive

(1}.

Ricin caused weakness, apathy, dullness,
poor growth , dysmenorrhoa, hypertension and
focomotor and gastrointestinal disturbances,
(6-9) . Urine showed protein casts, R. B. C.,
and haemoglobin; also an increase in blood
urea; non protein nitrogen and increase in
serum transaminases wcre recorded (7,10).
Animals died from dramatic hepatonephritis
(3) . Ricinus Communis caused no change in
blood urea and transaminases but caused a
decrease in body weight (11) .

Ricin caused liver necrosis , dantage in

intestine of rat (22). Triaceylated galacto and
glucoderivatives of 2-deoxy -2-fluoro- D-
pyranosyl fluoride as well as alpha and beta N
bromoacetuyle D-galactopyranos- ylamine can
also inhibit the cytotoxicity of ricin (23) . Rats
immunised against ricin by formaldehyde
toxids protect against lethality by inhalation
(24) .

Heat stress on small mntestinal mucosa ol
rats receiving ricin intraluminally caused
protection against intestinal inflammation (25).
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" World Health Organization (WHOQ),
Food and Agriculture Organization (FAO)
and International Atomic  Energy Agency
(IAEA), have jointly confirmed that irradiation
is safe for a wide range of food when the
absorbed dose does not exceed 10 KGy (26).

Irradiation  of food and feeds with
gamma rays , X rays ( up to 5 Mev. ) beta rays
and high energy electrons (up to 10 Mev.)
does not render the foods and feed radioactive
(27). .

This work was aimed to study the effect
of different doses of radiation and heat on the
chemical composition and ricin level in
Ricinus Conununis  seeds. In  addition
toxicological study was carried out on rat fed
raw , heat treated or irradiated seeds.

MATERIAL AND METHODS

Castor oil seeds (Ricinus Continunis)
were obtained from Agricultural Research
Center, Ministry of Agriculture, Giza, Egypt.

Seed treatment
Radiation treatment

Castor bean seeds were free from husk,
stone, etc. packed in polyethelene bags and
sealed. Seeds were irradiated by Gamma-cell
220, Candian facility (in National Center for
Radiation Research and Technology at Nacer
City, Cairo Egypt). The applied doses were 10,
20, 30, 40, 50 and 60 KGy, calibrated using
small pieces of radiochromic film (28).

Thermal treatment

Seeds were treated by heat using
Microwave (Power siting 50°C) for different
time (2, 4,6 and 8 minutes),

Chemical analysis of Ricinus communis seeds

Crude protein and fat content of treated
(Radiation, heat) and non treated (control)
seeds were determined (29) . Ultraviolet
spectra of ricin (Ricinus Conumunis) were
determined(30) and the ricin levels were
qualitatively determined using agglutination
test (31).

Toxicologic study

Thirty rats (weighted 90.2-94.1 g) were
divided into three groups, each of 10 rats of
both sexes. The first group was fed control
diet, the second and third groups were fed
diets contain irradiated (50 KGy) and heated
castor bean (power siting 50°C for 8Min.)
respectively. A fourth group fed diet contain

35% untreated castor seed and dicd after 4
days. The diets composition (Table I) was rat
standard diet (32). Body weight were
calculated weckly.

Sampling

At the end of experiment (4 weeks) rats
were sacrified and blood samples were
collected for determination of haemoglobin
and packed cell volume (33). Serum samples
were stored at -20 until used for determination
of transaminases activities (ALT and AST)
{34). Serum urea (35) ; creatinine (36} and
uric acid were determined (37).

Table (1):Control and experimental dicts
using ingredents irradited and hcated
caster bean .

Ingredient Control | Experimental
B diet % deits *

Castor bean - 35
Corn oil 51 47.5
S0y bean meal 30 10
Fish powder 16 3

Sodium chloride 0.5 .5
Smeoth wood powder 2 1.5
Vitamins 0.5 (.5

*Irradiled and heated castor bean (full  far)

were used by same levels in diets fed to the
second and the third groups.

Samples' from liver and kidney werc
obtained for extraction and determination of
ricin by detection of hacmaglutination activity
as indication of ricin residue (31).

Specimens from liver, spleen, kidney and
small intestine were fixed in 10% buffered
neutral formalin  solution and used for
histopathologic examination, using
hematoxylin and eosin (38).

Statistical analysis of data was carried
out (39).

RESULTS

Protein and fat percentages of raw,
irradiated and heated castor bean (Ricinus
Comimnunis) are shown in table (2), Crudc
protein content of raw castor bean was 34.5
10.62%. Crude protein content in irradiated
castor bean were 28.08 + 0.47, 27.82 + 0.74,
32.5+ 1.13, 33.15 + 1.01, 30.75 £ 0.41 and
30.3 + 0.32 % for irradiated doses of 10, 20.
30, 40, 50 and 60 kGy respectively. Sceds of
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Table (2) : Chemical composition of Raw |,
irradiated and heated castor bean
(Mean + S.E).

Trcatl-nent Pr0t€il] % Fa[ %

Raw caster bean 34.510.62
(control)

10KGy

20KGy

30KGy

40K Gy

S0KGy

60KGy

Microwave (power
siting 50 for 2 min)
Microwave (power
siting 50 for 4 min)
Microwave (power
siting 50 for 6 min)
Microwave (power
siting 50 for 8 min)

35.047 £0.82

24.8%].1%*
33.09+1.25
36.37:0.184
32.63+1.085 .
29.73+1.680
33.29+0.614
33.98%1.16

28.0810.47++

27.8210.735**
32.5%1.13
33.15%1.01

30.7530.4 14+
30.3640.32
33.99£1.26

30.98+0.59* 32.6+1.08

36.1410.741

32.8820.919

30.3+0.389+ 30.07+0.21

* Significant at P< 0.05 ** High significant at Pg 0.01

castor bean irradiated by 10, 20 and 50 KGy
showed a significant decrease in protein %,

Castor bean nradiated by 60 KGy showed a
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significant decrease as compared with control
(raw seeds). Heated castor bean (sitting power
50 microwave) showed a significant decreasc
in crude protein for 4 and 8min exposure time.
Crude protein content at 4 and 8§ minute were
30.98 £ 0.59 and 30.3 * 0.389% compaied o
34.5 £0.62% for raw seeds. Fat % for all
groups (irradiated or heated) showed no
change as compared with fat % in raw seed.
Only at 10 KGy high significant decreasc in
fat content was detecled.

Ultravilot absorption spectra of Ricinus
Communious seed powder extract (raw,
irradiated and heated) were shown in Fig. (1).
Samples irradiated by 50 and 60 KGy showed
the lowest ultraviolt absorption as compared
with raw seeds. Castor bean heated in
microwave (Siting power 50) for 8 min.
showed low ultraviolt absorption as compared
with raw castor bean (control), but still higher
than samples irradiated by 50 and 60 KGy:.

Qualitative determination of ricin residuc
in raw, irradiated and heated castor Dean
(Ricinus Comimunis) using hemagglutination
test is shown in table (3). Eand point of
hemagglutinating activily was deltected at 1:32,
[:16, 1:16, 1 :16, 1:4 and !:4 dilutions for
samples irradiated by 10, 20, 30, 40, 50 and 60

Table (3):Hemagglutinating activity of irradiated and heated castor bean in comparison to
raw seeds as an indicator for ricin level.

Castor

A Dilutions
ean

Hemag [Destruction

samples 116

1:32

rate ol
hemag.
glutinition

Blutating
activily
Hu/g**

Raw castor
bean
(Conirol)
10 kGy
20kGy
I0kGy
40kGy
50kGy
60kGy
Microsave™
bawer
(2min)

Microwave
* (4min.)

Microwave
*(6 min)

Microwave
(8 min)

2560 1007

12.5%¢

6.26%

6.26%

* Silting power 50°C
** Hemagglutinaling activity (Hu/gm) = 20 x Da x Db

Where Da = dilution factor of extract in tube 1 (= | unless original extract was diluted)

Db = dilution factor of tube containing lhu,
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KGy respectively in comparison with dilution
1:128 for raw sample. In heated samples
(Siting power 50) end point for
hemagglutination activity was detected at
dilution 1:16, 1:16 1:8 and 1:8 for heated time
2,4,6 and 8 min. respectively in comparison to
1:128 for raw seeds. The lowest
hemagglutination destruction rate was 3.3%
for irradiated dose 50 and 60 KGy and 6.26%
for heated samples (siting power 50) for 6 and
8 minutes.

Body weight of albino rats fed on control
diet (Free from castor bean) and diets contain
irradiated or heated castor bean are shown in
table (4). Significant decrease in body weight
was- detected in the third group, (fed diet
contains heated castor bean) after two weeks
as compared to control group. Body weights
were 90.9% 2.04g and 98 + 1.8g for the third
and the control groups respectively. Decrease
in body weight of second and third groups
were recorded at third and fourth weeks of
study in comparison to control group.

Haemoglobin content and packed cell
volume are shown in table (5). Second and
third groups showed a decrease in
haemoglobin content in comparison to control
group. Haemoglobin content were 9.38 + 0.35,
8.45 1 0.61 and 12.37 + 0.49 g/d] for second,
third and control groups respeclively. Decrease
in packed cell volume were detected in second
and third groups as compared with the control.

Packed cell volume were 24.16 + 1.72,
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25.67 £ 0.96 and 34 + 1.69% for second, third
and control groups respectively.

Serum  biochemical paramelers are
shown in table (6). Rats fed on diets contain
irradiated or heated castor bean for 4 weeks
showed an increase in serum alanine amino
(ALT) and aspartate (AST) transferases in
comparison to control group. Serum ALT
fevels were 130.25 + 2.69, 166.67 + 7.5 and
155.6 £ 4.71 U/L for control, second and third
groups respectively. Serum AST levels were
71.56 £ 2.89, 93.94 + 2.81 and 90.26 + 2.06
U/L for control, second and third groups
respectively. Serum urea and creatinine
showed no significant change, while uric acid
showed an increase in group fed a diet
contains irradiated castor bean and group fed
on diet contains heated castor bean.

Hemagglutinating activity of liver and
kidney extracts are shown in table (7).
Hemagglutinating end point was detected at
1:4 and 1:8 dilution for liver extract of second
group (fed diet contains irradiated castor bean)
and third group (fed diet contains heated costor
bean) respectively. End point of
hemagglutinating activity of kidney extracts
was delected at 1:2 dilutions for second and
third groups. Hemagglutinating activity were
80, 160, 40 and 40 Hu/g for liver extract of
second and third groups and kidney of second
and third groups respectively.

Histopathologic examination of the
small intestine of the second group showed
destruction and necrosis in comparison (o

Table (4) : Body weight (g) of Albino rats fed on control diet and experimental diet contain
irradiated (50 KGy) and heated ( siting power 50°C in microwave for 8 min.) bean

{(Mean +S.E))

Diet Zero

Groups dreak

First Second Third Fourth
weak weak weak weak

Group (1) Free from 90.2+
castor bean 1.8

Group (II) Irradiated (50 94.1+
kGy) castor 2.51
bean

Group (III) Heated ( for 8 92.2
min) castor +
bean. 2.67

92.6t 98+ 105.3% 112.3x
1.88 1.8 1.65 1.61

924+ 93.5% 94.7%*+ | 98.2%*+
2.47 3.16 2.6 1.94

89.9 90.9* 96.8** 103.1**
+ + + +

3.16 2.04 2.49 2.31

* Significant P < 0.05

** High significant P < 0.01
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Table (5) : Haemooglobin content {g/dl) and packed cell
volume % of rats fed on control diet and
diets contain irradiated (50 kGy) and heated
( microwave siting power 50 for § min)
castor bean diet (Mean + S.E.),

Table (6): Effect of ration conlains irradiated or heated
castor bean fed Lo Albino rats on Scrum AST,
ALT, urea, creatinine and uric acid in
comparison to control group (Mean (S.E).

Groups Diet Hb (g/dL) | P.CV.%

I Free from castor
bean

12.37
+0.49

14
+1.69

Irradiated castor
bean (50 kg Gy)

9.38+
1035

24.16*
+1.72

Heated castor
bean by
{Microwave siting
power 50 for 8
min)

8.45*
.61

25.67*
10.96

* High significant P < 0.01

ALT
UL

AST
UL

Uriz acig
mglL

Creatinin
g/ 100k

Urea

Groups ol

Diet

13025
269

7156
889

] Free from
(Control) | castor bean

67.5
022

046
10.038

17
.05

Il Iradiated
castor bean

166.67¢
115

93.94*
138

M3
111

040
.02

.53
H.13

Heated
castor bean

155.6*
#l

9026
1206

[{Ax
1313

0.58
.05

.55
0.8

* High significant P < 0.01

Table (7): Hemagglutinating activity of ricin extracted from liver and kidney of Albino rats
fed on control and experimental diets contajn irradiated or heated castor bean for 4

weeks.

Liver

Kidney

‘Dilution

Group I
Control

Group
11

Group I
Control

Group
11

Group
I

Non
l:

2

3+
2+

2+
1+

2+
1+

1 :4
;8
116
132
1 64
1128
: 265
1512

1+

Hemagglutinting
acttvity Hu/gm

control group (Fig 2a and b). Liver of second
group showed necrosis, (Fig 3b); liver of third
group showed congestion and necrosis (Fig.
3¢) in comparison to control group (Fig. 3a).
Spleen of second group showed heamorrage
and necrosis (Fig. 4b). Spleen of third group
showed necrosis and erosion (Fig. 4c) in

comparison to control group (Fig. 4a). The
kidney of second group showed congestion
and necrosis (Fig. 5b), while kidney of third
group showed necrosis, degeneration and
haemorrhage (Fig. Sc¢) in comparison to
control group (Fig. 5a).




Control
10 KGy
20 KGy
30 KGy
40 KGy
50 KGy
60 KGy
2 min. (microwave 50)
4 min. (microwave 50)

6 min. (microwave 50}

Absorption

& min. (microwave 50)

021

. ; o : g e ; 3 Wavelength
0.0 t : | (nmeter)

230 240 250 260 270 280 290 300 310 320 330 340 350 360 370

Fig. (1) Ultraviolt absorption spectra of the Ricinus Communious seeds powder extract
-(conc. 120 ug/ml)

Y

showed destruction and necrosis of epithelial cells (2 a) in comparison to small intestine
of control group ( From left to right x 100) .
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Fig (3a): Liver of control group
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Fig. (3 b, c) : Liver of second group fed on diet contained irrated castor bean showed necrosis of
ontained heated castor bean (¢)

hepatocytes (b) and liver of third group fed on diet ¢
showed congestion of sinusoid and necrosis of hepatocyte (from left to right).x 200
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Fig. (5b and 5¢): Kidney of rats from seconu},#4p fed on ration contain castor bean irradiated by
50 KGy showed congestion and necrosis of glomerulai (5b) and kidney of third group
fed on ration contained heated castor bean showed necrosis and degeueration of

glomerulai (5c). from left to right. x 200
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DISCUSSION

This study was undertaken to investigate
the effect of different doses of irradiation and
heat on detoxification of castor bean, as well
as the biological changes in rats fed diets
contain treated (irradiated and heated) Ricinus
Communius seeds.

The results of chemical analysis of castor
bean as being affected by gamma irradiation
and heat (Microwave) showed a decrease in
crude protein level. Effect of irradiation was
due to the production of free radicals that
attack protein molecules (40).

The lowest ultraviolet spectra for
irradiated samples  were recorded in seed
subjected to 50 kGy and for heated samples
after 8 min.

Decrease in ricin level was dependent on’

irradiated dose and time of exposure to
microwave. These results can be explained as
ricin is formed of two polypeptides chain (A &
B); both chains are glycoproteins linked by
disulfide bond(41-43) . Gamma irradiation
may cause split of the sulfhydry! bond (40).
Decrease in Ricin content by heat may be
attributed to hydrolysis of protein to several
peptides of low molecular weight by heat (2, 3,
7, 19, 23).

-The degree at which hemagglutinin was
destroyed by irradiation or heat was
accompamied by" ricin content; where ricin
(Al20 and A 60) have hemagglutianting
property (4).

. Examination of the data permits the
following: (a) hemagglutinating activity of
irradiated or heated samples provides a valid
index of ricin content. (b) castor bean samples
which have received excessive irradiation (50
and 60 kGy) or ‘heating time (6 and 8 min.)
showed decrease in hemagglutinating activity.
Hemagglutinating activity can be assumed to
be a reflection of the proportion of ricin; which
remains in the raw form after irradiation or
heat treatment. Decrease in ricin content was
previously explained during mentioning the
ultraviolt spectra of ricin. '

Feeding of rats on diets contain
irradiated and heated castor bean (Ricinus
communius) showed a decrease in body weight
especially in last two weeks of expermint in
comparison to rats fed on control diet. Similar
results were recorded previously (8, 9, 11,44).
Decrease in body weight may be attributed to

-
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presence of low level of toxic ricin and the
decrease in palatability of ration that contain
Ricinus communis.

Haemoglobin content and packed cell
volume showed a significant decrease in
groups fed on irradiated and heated castor bean
(7, 8). These results may be attributed to the
agglutinating effect of ricin previous
investigators recorded similar dala (7, 30,45)
and the effect of ricin on haemobiotic system
as spleen (12-14) as well as effects on
circulatory system and haemoglobin
precipitation in renal tubule and hemolysis of
red cells even with extreme dilutions and
haemolylic anaemia (7, 13, 45).

An increase in scrum alanine amino and
aspertate amino transferases were detected in
serum of rats fed diets contain either irradiated
or heated castor bean for 4 weeks. Previous
record cited similar result (10) . While other
showed no changes (IJ) . These results
attributed to effect of ricin and confirmed by
detection of ricin and pathological lesions of
the liver.

Urea levels in groups fed on irradiated or
heated castor bean showed no change which
confirm previous findindg (/1) and differ
from other (7). An increase in serum uric acid
was detected in second and third groups. Thesc
results attributed to the nephrotic injury of
ricin (3). This was confirmed by ricin residuc
and pathological lesions of the kidney.

Hemagglutinating activity of liver and
kidney extract are a reflection of ricin residue,
which have agglutination properties (4).

- Ricin residue in liver and kidney in
groups fed rations contain irradiated and
heated castor bean werc detected. These results
are in accordance  with that previously
recorded where ricin  was detected in liver
and kidney when lactose was injected to
provid partial protection against ricin (44) .

Pathological examination showed
destruction and necrosis in small intestine of
second group (fed ration contain irradiated
castor bean); a finding which was early
mentioned (14-16). Liver of second and third
groups showed degenerative change, necrosis
and lymphocytic infiltration; similar lesions
were recorded in previous works (712,13) .
Spleen showed haemorrage and necrosis of
second and third groups. Kidney of second and
third groups showed degenerative changes




which confirmed by several investigation (12,
13, 17). This can be attributed to the toxic
effect of ricin.

CONCLUSION

From our previous work it can be
concluded that complete decomposition of
toxic ricin may require higher radiation doses
than the dose used. Methods used for
destruction of ricin must be carefully
controlled since over doses either by
irradiation or heat may reduce protein values
and some essential amino acids of seeds.
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