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ABSTRACT:

Introduction: Ricin is one of the most potent and deadly plant toxins known. It
induces oxidative stress and was exploited as a poison for bioterrorism due to its
characters. Developing an effective antidote for ricin toxicity becomes a reliable way
against its potential biothreat. Alpha lipoic acid (ALA) being an ideal antioxidant, was
chosen as protection against ricin toxicity. Aim of the work: The current study was
carried out to confirm the hepatotoxic effect of ricin using the electron microscope
(EM) and to assess the potential protective effect of ALA against ricin hepatotoxicity
and lethality. Material and methods: The current study was conducted on 60 adult
male albino rats. Rats were divided into four groups. The first group (10 rats) was
used as control group. Group Il (10 rats) was injected with ALA (100mg/kg
intraperitoneal). Group Il (20 rats) was injected once with ricin (25ug/kg
subcutaneous). Group IV was injected with ALA (100 mg/kg) 15 minute prior to and
immediately after ricin injection. Survival time was recorded and liver samples were
taken for examination under EM. Results: Injection of ALA together with ricin
significantly prolonged the survival time of the rats in group IV more than those in
group 1. Electron microscopic examination of liver specimens obtained from group
Il revealed hepatocytes with either euchromatic nuclei, shrunken hyperchromatic
nuclei or nuclei with marginated chromatin. Hugely dilated degranulated rough
endoplasmic reticulum (RER), many lipid droplets and electron dense mitochondria
were detected. Treatment of animals with ALA resulted in less ultra structure damage.
The hepatocytes showed either euchromatic nuclei or nuclei with marginated
chromatin. Their cytoplasm exhibited slightly dilated RER, electron dense
mitochondria and some vacuoles. Conclusion: It was concluded that ricin is a
hepatotoxic substance causing ultra structure damage. Furthermore, ALA proved to be
beneficial in prolonging the survival time and decreasing the toxic effect of ricin on
the liver. Recommendations: Further studies are recommended to detect the
underlying mechanism of ricin hepatotoxicity and to find more protective substances
against ricin toxicity
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INTRODUCTION
Ricin is a natural product extracted
from the castor bean of Ricinus
communis. This plant is distributed all
over the world. Ricin is one of the most
potent and deadly plant toxins known.

It belongs to a family of Type II
Ribosome inactivate proteins (RIPS)
that are able to Kill eukaryotic cells
(Albretsen, et al., 2000; Zhang, et al.,
2015). It has an extra ordinary toxicity;
a single molecule can halt the action of
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2000 ribosomes per minute, which
leads to rapid cell death making ricin a
potential weapon for bioterrorism
(Doan, 2004; Schep, et al., 2009;
Balali-Mood, et al., 2013). Since 1993,
ricin has been designated as a Schedule
1 chemical under the terms of the 1993
Chemical Weapon Convention (David,
et al., 2009).

Ricin physical state and
dissemination method will determine
its route of exposure in humans. It can
be prepared as a crude impure plant
extract, purified crystals, powder
forms, or solubilized in liquids.
Deliberate dissemination may occur as
an aerosol, through addition to food or
water, or by direct parenteral injection.
Ricin poisoning is not contagious and
person to person transfer is unlikely
(Audi, et al., 2005).

Oral absorption is poor; the lethal
oral dose in humans has been estimated
to be 1 to 20 mg of ricin/kg of body
weight. Absorption through intact skin
iIs most unlikely to occur. The most
hazardous routes of exposure are
inhalation and injection (Bradberry, et
al., 2003; Audi, et al., 2005). Ricin
causes cell death through rapid
irreversible inhibition of  protein
synthesis, therefore it is known to have
diverse toxic effects on different
visceral organs (Lord, et al., 1994;
Buonocore, et al., 2011; Dong, et al.,
2015; Zhang, et al., 2015).

The clinical features of ricin
toxicity include nephrotoxicity,
cardiotoxicity, central nervous system
toxicity, hepatotoxicity and anti-
fertility effects (Makonnen, et al.,
1999; Kumar, et al, 2003).
Furthermore, inhalation of small
amounts of ricin can cause severe
damage in the respiratory system and
death (Audi, et al., 2005). In addition

to reticulo-endothelial system damage
including, fluid and protein loss,
bleeding, edema and impaired cellular
defense against endogenous toxins
(Bradberry, et al., 2003).

Preliminary studies revealed that,
ricin induces oxidative stress that
results in lipid peroxidation,
glutathione depletion, DNA single
strand breaks and increased urinary
excretion of carbonyl compounds.
However, the mechanism involved in
production of this oxidative stress is
not fully under stood (Muldoon, et al.,
1992: Muldoon, et al., 1994; Kumar,
et al., 2003; Kumar, et al., 2007).

Oxidative degradation of lipids
known as lipid peroxidation, and other
oxidant mechanisms damage biological
macromolecules specially the cell
membrane ultimately leading to cell
death (Yousef, et al., 2015). Oxidative
stress, caused by an imbalance between
free radicals production and their
elimination by antioxidants, has been
recognized as a central contributor to
cellular injury and death (Mirakbari,
2015).

Alpha lipoic acid (ALA) is a
popular cofactor of multi-enzymatic
complexes which catalyzes oxidative
decarboxylation of a-ketoacids. It
satisfies almost all characters of an
“ideal antioxidant”, being rapidly
converted to its redox couple,
dihydrolipoic acid (DHLA) in many
tissues. Both ALA and DHLA
effectively scavenge many types of free
radicals and this antioxidant activity
can be displayed in both lipid and
aqueous-cell compartments (Singh, et
al., 2014)

No specific treatment protocols
exist for ricin exposures; treatment is
largely symptomatic and supportive.
Ricin is not amenable to dialysis and
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there is no currently available antidote
(Audi, et al., 2005). Prophylactic
immunization against ricin toxicity is a
developing research that has great
potential to produce a vaccine
candidate for future application in
humans (Muldoon and Stohs, 1994;
Bradberry, et al., 2003; Zhang, et al.,
2015).

Ricin was exploited as a poison for
biological warfare and bioterrorism due
to its characters of wide availability,
easy  accessibility, extraordinary
toxicity, irreversible damage and lack
of specific medical treatment (Millard
and LeClaire, 2008; Balali-Mood, et
al.,, 2013). Hence, developing an
effective antidote becomes a reliable
way against the potential biothreat. The
current study was carried out to
confirm the hepatotoxic effect of ricin
using the electron microscope (EM)
and to assess the potential protective
effect of ALA against ricin
hepatotoxicity and lethality.

MATERIAL & METHODS

1- Chemicals:

Ricin:

Ricin was prepared from extract of
ripe castor beans which were freshly
picked at the peak of season (around
mid August) from growing shrubs in
villages surrounding Tanta city. All
seeds were of the communis variety,
with an average weight of 0.55 gram.
One hundred and eighty seeds
weighing 100 grams were freed from
their hard thin shells. The seeds were
crushed in a porcelain mortar into a
thick powder. Saline was added
gradually to make a fine emulsion until
a total of 500 ml of saline were added.
The emulsion was kept in a large
conical flask covered by cotton wool,
put on a shaker for 24 hours at 4°C and

was left to sediment for further 48
hours. A thick layer of oil was formed
on top of the extract and white
sediment in the bottom of the flask.
The relatively clear layer in the middle
was carefully aspirated by a large bore
long needle and transferred into
centrifuge tubes. They were centrifuged
at 10000 r.p.m. for 20 minutes. The
centrifuge process was repeated till the
resultant fluid is clear one. Then, the
final extract was filtered through filter
paper. The extract was stored in sterile
conical flasks 20 ml capacity at 4°C till
used (EI tomy and Abo Hijleh, 1990).

As standard pure ricin was not
available commercially due to its
extreme toxicity, the ricin content of
the prepared extract was determined by
the fact that approximately 180 mg of
ricin was obtained from 100 gram of
castor beans (Woo, et al., 1998).
Castor oil seeds extract was given to
the experimental animals in a dose of
25 pg/kg body weight subcutaneous
(Kumar, et al., 2003).

Alpha lipoic acid (ALA):

It was purchased from EVA
Pharma for Pharmaceutical and
Medical Appliances, Egypt as 10 ml
ampoule contains 300 mg ALA. It was
given to the experimental animals in a
dose of 100 mg /kg body weight
intraperitoneal (Dulundu, et al., 2007).

2- Experimental animals:

This study was carried out on 60
adult male albino rats of Sprague dawly
species. Their ages ranged from 2 to 4
months and their weights ranged from
125-150 grams. They were obtained
from the animal house of the Faculty of
Medicine, Tanta University, Egypt.
During the study, the animals were kept
in wire mesh cages with ad-libitum
access to food and water. The room
temperature was about 22-24 °C and
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the animals were exposed to 12:12
hours light dark cycles.

3- Ethical considerations:

1- Experimental procedures were
performed according to the guide of
care and the use of laboratory animals
was approved by the Ethical
Committee of Faculty of Medicine,
Tanta University.

2- Fewer numbers of animals
estimated to offer valid results were
used.

3- Painless  procedures  were
conducted with appropriate sedation to
avoid pain and stress of the animals.

4- Experimental design:

The current study was carried out
in Forensic Medicine & Clinical
Toxicology department, Tanta
University. After one week of
acclimatization to ensure normal
growth and behavior. The animals were
randomly assigned into four groups:

Group | (Control group): It
included ten animals that were given
0.9% saline by intraperitoneal
injection.

Group Il (ALA treated group): It
included ten animals that were given
ALA (100 mg/kg) by intraperitoneal
injection.

Group Il (Ricin treated group):
It included twenty animals; half of the
animals were injected once by ricin
solution subcutaneously in a dose of 25
Hg/kg body weight and served to test
the survival time after ricin injection.
The remaining animals were injected
once by ricin solution in the same dose
and were sacrificed 6 hours before the
expected time of death.

Group IV (Ricin & ALA treated
group): It included twenty animals;
half of the animals were given ALA
(100 mg/kg) 15 minute prior to single
injection by ricin solution in a dose of

25 pg/kg body weight, then injected by
ALA in the same dose immediately
after ricin injection and served to test
the survival time after ricin injection.
The remaining animals were given
ALA (100 mg/kg) 15 minute prior to
single injection by ricin solution in a
dose of 25 ng/kg body weight, then
injected by ALA in the same dose
immediately after ricin injection and
were sacrificed 6 hours before the
expected time of death.

5- Sample collection:

At the appropriate time of each
group, animals were sacrificed by
cervical dislocation then liver samples
were taken from each animal. Liver
samples were cut into small pieces 1
mm3 in size and immediately fixed in
2.5% of 0.1 M phosphate buffered
glutaraldehyde solution (pH 7.4) at 4’ C
for 2 hours. After washing of the
specimens with phosphate buffer for
three times (5 min each time), they
were post fixed in 1% phosphate
buffered osmium tetra oxide at room
temperature for 30 min. Dehydration in
a graded series of alcohol (50, 70, 80,
95 and 100%) was carried out followed
by washing and embedding in Epon.

Preparation of semithin sections
(Lum): The tissue embedded blocks
were cut by ultramicrotome to be
stained with toluidine blue for light
microscopic examination.

Preparation of ultrathin sections
(8090 nm): The blocks were cut with
ultramicrotome, stained with 2% uranyl
acetate and lead citrate (Bozzola and
Russel, 1999) and examined by a JEOL
EM at EM Unit, Faculty of Medicine,
Tanta University.

6- Statistical Analysis:

Data were analyzed using SPSS
software statistical computer package
version 20. Statistical analysis of
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survival time was conducted using
independent sample T test. The results
were presented as mean values *
standard deviations (SD). A value of <
0.05 was accepted as statistically
significant (Dawson-Saunders and
Trapp, 2001)

RESULTS

1- Survival time results:

The survival time is the time that
passed since the injection of ricin at a
dose of 25 ug/kg body weight till death
occurred. Injection of ALA together
with ricin significantly prolongedthe
survival time of rats in group IV more
than those in group 11 (table 1).

Table (1): Survival time after ricin injection in Group Il and IV

Groups Minimum- Mean + SD Independent sample T
maximum (hours) test
T P
Group 11 (n=10) 24- 30 26.75 £1.95 -26.946 <0.000*
Group IV (n=10) 44- 48 46.15+ 1.18

n: number; SD: standard deviation
* Significant at P < 0.05

2- Toluidine blue results:

Semithin sections of both control
group and group Il demonstrated sheets
of lipid free hepatocytes with hepatic
sinusoid inbetween. These hepatocytes
are polygonal in shape, with central
single or double pale nucleus and
prominent nucleolus (Plate 1-A).

Ricin  treated group showed
microsteatotic hepatocytes with central
single or double nuclei containing dark
blue stained lipid droplets (steatosis)
with dilated congested hepatic sinusoid
and portal vein between them (Plate 2-
A, B).

Group 1V showed hepatoctyes with
microsteatos less than those detected in
ricin treated group. Mildly congested
dilated hepatic sinusoids were also
detected (Plate 3- A).

2- Electron microscopic results:

Examination of ultrathin sections
of liver obtained from control group
and group Il showed hepatocytes with
hepatic sinusoids in between. The
hepatocytes showed single or double

euchromatic nuclei with prominent
nucleoli. Their cytopalsm exhibited
many  mitocnodria  and  rough
endoplasmic reticulum (RER) and
glycogen granules (Plate 1- B, C).

Examination of sections obtained
from ricin treated animals revealed
hepatocytes with either euchromatic
nuclei, shrunken hyperchromatic nuclei
(apoptotic nucleus) or nuclei with
marginated chromatin. Hugely dilated
degranulated RER and electron dense
mitochondria were detected. Moreover,
abnormal lipid droplets and multiple
vacuoles were noticed in the
cytoplasm. Congested hepatic sinusoids
were observed inbetween hepatocytes
(Plate 2- C, D and E).

Examination of samples from
group IV revealed hepatocytes with
both single euchromatic nuclei and
nuclei with marginated chromatin.
Their cytoplasm exhibited slightly
dilated RER, electron dense
mitochondria and some vacuoles (Plate
3-B).
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Plate (1): (A) A photomicrograph of semithin section of liver of group | shows sheets
of polygonal hepatocytes with central single or double nuclei (N) and narrow
hepatic sinusoid (S) between them [Toluidine blue X 1000]. (B & C) Electron
micrographs of ultrathin sections of liver of group | and group Il show
hepatocytes with single or double euchroamtic nuclei (N) with prominent nucleoli.
Their cytopalsm exhibits many mitocnodria (M), rough endoplasmic reticulum
(arrow) and glycogen granules (G). Note the nearby hepatic sinusoid (S).

late (2): (A& B) Photomicrographs of semithin section of liver of group Il shows
sheets of microsteatotic polygonal hepatocytes with central single or double nuclei
(N) containing dark blue stained lipid droplets (arrow head) with dilated
congested hepatic sinusoid (S) between them. Notice the dilated congested portal
vein (PV) [Toluidine blue X1000]. (C, D& E) Electron micrographs of ultrathin
sections of liver of group Il shows hepatocyte with either normal euchromatic
(N), shrunken hyperchroamtic (aopototic) (curved arrow) or chromatin marginated
nuclei (star) surrounded by hugely dilated degranulated rough endoplasmic
reticulum (R), abnormal lipid droplets (arrow), electron dense mitochondria
(arrow head) and multiple vacuoles (V). Notice the congested hepatic sinusoid (S)

\ Sy
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Plate (3): (A) A photomicrograph of semithin section of liver of group IV shows
sheets of polygonal hepatocytes with central single or double nuclei (N) and few
steatotic cells containing few lipid droplets (arrow head). Notice the mildly dilated
and congested hepatic sinusoid (S) between hepatocytes [Toluidine blue X 1000]. (B)
Electron micrograph of ultrathin section of liver of group IV shows hepatocyte with
either single euchromatic nucleus (N) or nuclei with marginated chromatin (arrow
head) surrounded by slightly dilated rough endoplasmic reticulum (arrow), electron
dense mitochondria (M ) and some cytoplamic vacuoles (V).

DISCUSSION

Ricin has a history of use as a
weapon of war, terror and assassination
for years (Buonocore, et al., 2011;
Zhang, et al., 2015). Management of
ricin toxicity is supportive and no
antidote up till now is well established
for ricin treatment. Such supportive
measures are not so effective in
rescuing lives of people who have
received a lethal ricin  dose
(Bradberry, et al., 2003; Audi, et al.,
2005; Dong, et al., 2015). Hence, the
current study was conducted to confirm
the previously reported toxic effects of
ricin on the liver and to investigate
ALA as a modulator of ricin toxicity.

Results of the present study
revealed that subcutaneous injection of
ricin has caused death within 24-30
hours. This could be attributed to rapid
irreversible inhibition of protein
synthesis causing cell death (Lord, et
al., 1994; Buonocore, et al.,, 2011;

Dong, et al., 2015; Zhang, et al.,
2015). Where ricin consists of
catalytically active ricin  A-chain
(RTA) linked by a disulfide bond to a
B-chain (RTB). Ricin toxicity resides
in the A-chain, an N-glycosidase that
inhibits protein synthesis by cleaving
one specific adenine from the 28S
RNA of the eukaryotic 60S ribosomal
subunit (Stirpe, 2004; Sandvig, et al.,
2010).

Preliminary studies revealed that
ricin induces oxidative stress that
results in lipid peroxidation,
glutathione depletion, DNA single
strand breaks and increased urinary
excretion of carbonyl compounds.
However, the mechanism involved in
production of this oxidative stress is
not fully under stood (Muldoon, et al.,
1992; Muldoon, et al., 1994).

Consequently, it was noticed that
ricin & ALA treated animals showed
statistically  significant  prolonged
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survival time. Such prolonged survival
time could be explained in light of
ALA critical role in mitochondrial
energy metabolism (Shay, et al., 2009),
through ALA mediated increase in
antioxidant status and activities of
mitochondrial dehydrogenase enzymes
(Arivazhagan, et al., 2001), inhibition
of cellular nitric oxide over-production
and maintenance of antioxidant defense
mechanisms (Abdel-Zaher, et al.,
2008).

Such finding comes in line with
Oda, et al., (1999) and Tamura, et al.,
(2002) who reported strong inhibition
of ricin induced apoptetic cell death by
antioxidant administration. Since, there
was significant depletion of cellular
glutathione in ricin treated cells.
Furthermore, Sadani and Nadkarni,
(1994) found that, administration of
ricin at dose of 5 and 25 pg/kg body

weight increases microsomal,
mitochondrial and macrophage
superoxide anion production in a dose
dependent  fashion. Additionally

significant increase in glutathione
peroxides level and reduction of non-
protein sulf-hydryl level following ricin
intoxication are reported.

Over the last decade, several
comparable research works have
targeted ricin as a biothreat, with
several trials to generate specific
antidote treatment. Hashim, et al,,
(2008) have investigated the effect of
some selected biologically active
substances (dexamethasone and
vitamin E) on the modulation of ricin
toxicity. They concluded that when
animals were treated with
dexamethasone they have shown longer
survival time. Meanwhile, those treated
with vitamin E have survived for a
shorter period of time.

Later on, Buonocore, et al., (2011)
have examined effectiveness of
conventional or liposome-encapsulated
N-acetylcysteine  (Lipo-NAC) in
ameliorating ricin-induced
hepatotoxicity. They concluded that,
NAC administered in a liposomal form
may serve as a potentially effective
pharmacological agent in treatment of
ricin-induced liver injuries. However,
no report about modulating lethality
was recorded in their study.

Recently, Zhang, et al., (2015)
have generated a mutated and truncated
ricin A-chain (mtRTA) vaccine antigen
by E. coli strain. They recorded that
there was no residual toxicity observed
when compared to the recombinant
RTA or native ricin. Furthermore, after
subcutaneous vaccination with mtRTA
three times at an interval of 2 weeks,
the vaccinated mice developed a strong
protective immune response that was
wholly protective against 40 x LDsg, of
ricin intraperitoneal injection or 20 x
LDg, of ricin intratracheal spraying.
Hence they recommended that mtRTA
antigen has great potential to be a
vaccine candidate for future application
in humans.

Moreover, Dong, et al., (2015) has
established a monoclonal antibody
(mADb 4C13). They found that even at 6
h after ricin poisoning the mAb 4C13
could rescue more than 70% of the
mice in their experiment. They also
determined the relationship between
mAb 4C13 dose and animal mortality.
More than 50% the animals survived
by mAb 4C13 at the dose of 25 ug/kg.
While when 100 ug/kg of mAb 4C13
was used, all poisoned mice survived
with a single dose of antibody
treatment.

Electron microscopic examination
of liver specimens obtained from ricin
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treated group revealed ultra-structural
changes that is more or less in line with
data gathered from similar comparable
research works (Bingen, et al., 1987;
Vikas and Bhatia, 1990; Balint,
2000).Theses  researches  recorded
changes in both RER & smooth
endoplasmic reticulum (SER),
mitochondrial degeneration and heavily
damaged kuppfer cells.

The exact mechanism(s) of ricin
induced hepatic ultra-structure changes
is still matter of argument and no
conclusive  mechanism has been
obtained (Buonocore, et al., 2011).
Yet, according to Vikas and Bhatia,
(21990) ricin-induced RER dilatation
could be considered as a sign of protein
synthesis inhibition. It might be an
adaptive process to increase the protein
synthesis in response to polysomal
RNA reduction associated with ricin-
induced cellular destruction.
Neuberger, et al., (1980) supposed
that, general toxins exposure induces
hepatic fatty degeneration that could
explain  numerous lipid droplets
appeared in the hepatocytes of the ricin
treated animals.

Treatment of animals with ALA
resulted in an ameliorating effect
against ricin-induced hepatotoxicity.
Briefly, ALA better preserved the
cellular integrity of hepatocytes as
indicated by less hepatocytes ultra-
structural damage. The presence of
normal mitochondria alternating with
abnormal or even destructed ones could
be explained according to
Slautterback, (1965) who stated that
whenever, there IS destructed
mitochondria, new healthy
mitochondria will be formed as a
compensatory mechanism to fulfill
cellular needs.

The protective effects of ALA
might be attributed to the abilities of
the antioxidant to alter the early
inflammatory responses by moderating
the signal transduction of inflammatory
cytokines, thereby modulating cellular
activation (Sudheesh, et al., 2013).
This result could be supported and
explained by prolonged survival time in
ALA & ricin treated animals.

CONCLUSION

Ricin hepatotoxixity is confirmed
by the ultra structure damage detected
by the EM. Alpha lipoic acid is an
antioxidant that proves to be beneficial
in prolonging the survival time and
decreasing the liver toxicity after ricin
poisoning.

RECOMMENDATIONS

Further studies are recommended
to detect the underlying mechanism of
ricin hepatotoxicity and to find more
protective substances against ricin
toxicity.
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