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ABSTRACT

Zearalenone (ZEN) is a non steroidal estrogenic mycotoxin produced by Fusarium species of fungi which contaminate
human foods and animal feeds worldwide. In this study hepatotoxicity of ZEN was evaluated in mice by oral admini-
stration of single and repeated doses of ZEN mycotoxin (2.7 mg/kg b.w.). The protective effect of crude venom ex-
tracted from jellyfish Cassiopea andromeda was also assessed. Mice were divided into four groups (N = 10). G1: re-
ceiving the toxin once and sacrificed 48 h later, G2: toxin administered twice for one week, G3: toxin administered
twice a week for two weeks, G4: pretreated orally by a single dose of crude venom (1.78 mg/20 g) 24 hours prior to
administration of ZEN twice a week for two weeks. Each treated group had its corresponding control which received
1% DMSO saline. ZEN treatment significantly increased alanine aminotransferase (ALT), aspartateaminotrnsferase
(AST) and alkaline phosphatase (ALP) activities after 48 hours and two weeks, while ALT was also significantly in-
creased after one week. Tumor necrosis factoralpha (TNF-a) level was undetected in treated and control groups except
the group treated with ZEN for one week. Alphafetoprotein (AFP) level was increased significantly only after two weeks.
The activity of antioxidants was significantly increased in all groups. ZEN was also found to modify the serum proteins
especially gamma-globulin which showed a significant decrease after 48 h and two weeks. Improvement in liver func-
tion occurred in the group pretreated with the crude venom, and AFP and antioxidants returned to normal level, while
TNF-o. level was also undetected. Gamma globulin was significantly increased. The recovery observed in the group
which was pretreated with crude venom may related to bradykinin content of this venom which exhibits a hepatoprotec-
tive effect. Histological changes in mouse liver coincided with biochemical changes. In conclusion, this study revealed
that ZEN induced liver function and structural changes promising an approach for using a crude venom of jellyfish to
enhance liver function.
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1. Introduction [1]. Zearalenone is implicated in reproductive disorders
of farm animals [2-4] and in hyperestrogenic syndroms
in humans [5]. Zearalenone is mainly metabolized in the
liver with the production of twoessential metabolites

o-zearalenol and p-zearalenol [6]. Alpha zearalenol pos-

Zearalenone (ZEN) (previously known as F-2 toxin) is a
non steroidal oestrogenic mycotoxin biosynthesized through
a polyketide pathway by a variety of Fusariumfungi, in-

cluding F. graminearum, F. culmorum, F. cerealis, F.
equiseti, F. crookwellenseand F. semitectum, which are
common soil fungi, in temperate and warm countries,
and are regular contaminants of cereal crops worldwide
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sesses a ten-times higher estrogenic activity than ZEN
[7]. The estrogenic effect of ZEN may relate to the in-
creased incidence of hepatocellular adenomas in mice [8].
To date there has been much research into the venoms of
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jellyfish which attract significant medical attention, such
as the box jellyfish (Chironexfleckeri) and the irukand;ji
(Carukiabarnesi) and blue jellyfish (Catostylusmosaicus)
in the hope of finding antivenom, or a molecule or pep-
tide of medical importance [9]. The toxins of these coe-
lenterates had been detected to include bradykinin and
related polypeptides which have a kinin-like action [10].
Bradykinin has been found to exert hepatoprotective ef-
fects in rodents. According to Abu-Amra and Abd
El-rehim [11], the extracted crude venom of Jelly fish,
Cassiopea Andromeda stimulates the cellular prolifera-
tion of white mice duodenum. It activates liver cells by
increasing the metabolic rate [12]. Also, Abdel-Rehim
[13] proved a protective effect of this crude venom in
case of gastric ulceration evoked by indomethacin. In the
present study, the effect of ZEN on the liver was investi-
gated, because the hepatocytes constitute a target system
for zearalenone toxicity [14,15]. Further, the protective
influence of the crude venom extracted from jellyfish
Cassiopea Andromeda against the toxic action of ZEN
was also estimated.

2. Materials and Methods
2.1. Chemicals

Zearalenone (5 mg) was purchased as pure crystal from
BioAustralis fine chemicals (Smithfield, NSW, Austra-
lia). Crude venom separated from the jelly fish Cassio-
pia Andromeda from Red sea [1] was a kind gift from
Prof. Soheir A. Abdel-Rehim, Department of Zoology,
Toxicology laboratory, SohagUniversity, Sohag, Egypt.

2.2. Animals and Treatment

Seventy inbred, adult (8 weeks old) male Balb/c mice
weighing 20 - 30 g were obtained from King Fahd Med-
ical Research Center, King AbdulAziz University, Jed-
dah, Saudi Arabia. The animals were conditioned for two
weeks at room temperature. A commercial balanced diet
and tap water, ad labium was provided throughout the
experiment. ZEN was dissolved in DMSO and diluted to
1:100 in a sterile saline solution (0.9% NaCl) to produce
a working stock which was stored at 4°C. Crude venom
of 46.2 mg was dissolved in 10 ml distilled water to pro-
duce a working stock and stored at 4°C [16]. Animals
were distributed randomly into seven groups among them,
three are control groups and four tested groups. All the
mice in the control groups were subjected to oral admini-
stration of 1% DMS and the other four groups were
given oral doses of ZEN toxin as described below:

C1: Mice given orally 1 ml of 1% DMSO saline and
left for 48 hours.

T1: Mice given orally 2.7 mg/kg b.w. of ZEN and left
48 hours.
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C2: Mice given orally 1 ml of 1% DMSO saline twice
a week for 1 week.

T2: Mice given orally 2.7 mg/kg b.w. of ZEN twice a
week for 1 week.

C3: Mice given orally 1 ml of 1% DMSO saline twice
a week for 2 weeks.

T3: Mice given orally 2.7 mg/kg b.w. of ZEN twice a
week for 2 weeks.

T4: Mice given a dose of 1.78 mg/20 g b.w. of jelly-
fish crude venom, then after 24 h, given orally 2.7 mg/kg
b.w. of ZEN twice a week for 2 weeks. At the end of
each specified period, mice were anesthetized using di-
ethyl ether and dissected. Blood samples from all groups
were collected from the orbital sinus [17], in plain tubes
and centrifuged at 1000 rpm for 15 min to separate the
serum, then divided into several aliquots and stored at
—20°C until analysis was performed. After the collection
of blood samples, anaesthetized animals were sacrificed
by cervical dislocation. The abdomen was op in sterile
ened and the liver was rapidly dissected out, washed in
sterile saline and fixed in 10% buffered formalin for his-
topathological studies.

2.3. Biochemical Assays

2.3.1. Determination of ALT, AST and ALP Activities
Spectrometric diagnostic kits were used to assess the
activities of ALT, AST and ALP. The results were auto-
matically calculated by VITROS 250 system analyzer
(Ortho Clinical Diagnostics, a Johnson and Johnson com-
pany, Rochester, NY, U.S.A.).

2.3.2. Determination of AFP Concentration

Mouse AFP ELISA kit (Uscn Life Science, Wuhan,
China) was used to determine AFP concentration in sera
of mice.

2.3.3. Determination of TNF-a
TNF-o was assayed using mouse TNF-a ELISA kit
((Biovendor, Modrice, Czech Republic).

2.3.4. Determination of Antioxidants

Antioxidants activity was evaluated using a spectromet-
ric kit (Cayman Chemical Company, Ann Arbor, Michi-
gan, USA).

2.3.5. Determination of Serum Protein

The percentages of albumin and globulins were deter-
mined according to Helena serum protein procedure
(Helena Laboratories, Beaumont, Texas, USA).

2.3.6. Preparation of Liver Section and
Histopathological Examination

Small pieces of the large lobes of livers 2 X 2 mm were

washed by saline, re-fixed in 10% buffered formalin and

then, embedded in paraffin. Sections of tissues were cut
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at 0.5 pm and mounted on slides. The slides were stained
with haematoxylin and eosin. The procedures of prepara-
tion and staining were done according to Drury and Wal-
lington [18]. Stained sections were examined and photo-
graphed using digital camera, attached to Olympus CX21
light microscope and connected to computer.

2.3.7. Statistical Analysis

Statistical analysis was performed using the Statistical
Package for Social Science (SPSS for windows, version
12) (SPSS Inc., Chicago, IL, U.S.A.). The variability de-
gree of the results is expressed as mean =+ standard error
of means (Mean + S.E.). The significance of the differ-
ence between samples was determined using Mann-Whit-
ney and One-Way Anova tests. The difference was re-
garded significant when 0.01 < P < 0.05, highly signifi-
cant when P < 0.01 and non-significant when P > 0.05,
where P is a level of significance.

3. Results
3.1. Liver Enzymes ALT, AST and ALP

There was a highly significant increase (P < 0.01) in the
mean value of ALT after forty eight hours (T1), one
week (T2), two weeks (T3) and crude venom pretreated
group (T4) compared with controls. The crude venom
pretreated group showed a high significant decrease (P <
0.01) of ALT activity compared to ZEN treated grou-
pafter two weeks. The results of AST and ALP activities
(U/L) revealed a highly significant increase (P < 0.01)
after forty eight hours and two weeks compared with
controls. On the other hand, there is no significant dif-
ference (P > 0.05) after one week and in crude venom
pretreated group relative to controls. A high significant
decrease (P < 0.01) of AST activity was noticed in the
group pretreated with the crude venom compared with
that treated only by ZEN after two weeks (T3) (Table 1).

3.2. Alphafetoprotein (AFP)

AFP concentration (ng/ml) was highly significantly in-
creased (P < 0.01) only after two weeks, while a high
significant decrease (P < 0.01) of AFP concentration was
noted in crude venom pretreated group (T4) in compari-
son with that treated only by ZEN after two weeks (T3)
(Table 2).

3.3. Tumor Necrosis Factor Alpha (TNF-a)

The level of TNF-a (pg/ml) was undetected in all groups
except the group treated with ZEN twice a week for one
week (Table 2).

3.4. Antioxidants

The concentration of antioxidants has significant increase
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Table 1. Effect of zearalenone (2.7 mg/kg b.w.) on liver en-
Zymes.

Groups ALT (U/L) AST (U/L) ALP (U/L)

C, 20.75+0.89 59.13+0.33 83.02 + 0.64

T, 33.51+£0.32%* 83.38 £ 0.66** 201.51 +£0.32%*

C, 23.76 £0.16 51.29+0.55 82.05+0.77
T, 41.20 £ 0.79%* 51.02+0.64 83.02 +0.64
G 21.76 £0.16 57.81+£0.36 84.85+0.72

T; 33.51+£0.32%* 90.19 £ 0.34** 106.25 + 0.80%**

Ty 29.35+0.81% 58.43 £ 0.36" 84.18 £ 0.65%

Values are expressed as mean of 10 mice + S.E. C: control group; T: treated
group; C;: received 1 ml of 1% DMSO saline and left 48 hours; C,: received
1 ml of 1% DMSO saline twice a week for one week; Cs: received 1 ml of
1% DMSO saline twice a week for two week; T): received 1 dose of ZEN
and left 48 hours; T,: received ZEN twice a week for 1 week; Tj: received
ZEN twice a week for 2 weeks; T4: received 1 dose of crude venom (1.78 mg/
20 g b.w.) 24 hours prior to receiving ZEN twice a week for 2 weeks; **P <
0.01 vs. respective control; *P< 0.05 vs. respective control; “P < 0.01 vs.
Ts.

Table 2. Effect of zearalenone (2.7 mg/kg b.w.) on AFP,
TNF-a and antioxidants.

Groups  AFP(ng/ml)  TNF-a (pg/ml) A“t(i[‘:l’l‘\ia‘;a"t
C 0.18 % 0.02 <LOD 0.38 4 0.003
T 0.21+0.07 <LOD 0.46 + 0.03*
G 0.26 % 0.01 <LOD 0.43+0.01
T, 0.63+0.17 4532+ 0.56 0.60 + 0.01%*
G 0.1£0.00 <LOD 0.50 % 0.002
T 134 +0.20%* <LOD 0.5+ 0.03*
T, 0.27 £0.01% <LOD 0.48 +0.01%

Values are expressed as mean of 10 mice + S.E. Limit of detection (LOD);
C: control group; T: treated group; C;: received 1 ml of 1% DMSO saline
for 48 hours; C,: received 1 ml of 1% DMSO saline twice a week for one
week; Cj: received 1 ml of 1% DMSO saline twice a week for two week; T;:
received 1 dose of ZEN and left 48 hours; T,: received ZEN twice a week
for 1 week; Ts: received ZEN twice a week for 2 week; Ty: received 1 dose
of crude venom (1.78 mg/20g b.w) 24 hours prior to receiving ZEN twice a
week for two week; **P < 0.01 vs. respective control; *P < 0.05 vs. respec-
tive control; " P<0.01 vs. T3P < 0.05.

3.5. Serum Proteins

The percentages of albumin and al-globulin were highly
significantly increased(P < 0.01) after forty eight hours
(T1), while a high significant decrease (P < 0.01) of a2,
and y globulins was observed in the mean values com-
pared to the control. The significant increase (P < 0.05)
of albumin and al-globulin were observed after one
week (T2) relative to control, whereas there were no sig-
nificant difference (P > 0.05) of a2, f and y-globulins.
On the other hand, a high significant decrease (P < 0.01)
of albumin and al-globulin was noticed after two weeks
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(T3) compared to corresponding control. The percentage
of p-globulin was highly significantly increased (P <
0.01) and y-globulin exhibits a high significant decrease
(P < 0.01) after two weeks compared to control. In the
crude venom pretreated group (T4), percentages of al-
bumin and al-globulin were highly significantly de-
creased (P < 0.01) compared to control. Otherwise, there
was a high significant increase (P < 0.01) of f-globulin
and y-globulin compared to control, But when crude ve-
nom pretreated group compared with that only treated
with ZEN for two weeks, there is no significant differ-
ence (P > 0.05) of albumin, a1 and a2 globulins has been
found while B fraction shows a high significant decrease
(P < 0.01) and y-globulin was highly significantly in-
creased (P <0.01) (Table 3).

3.6. Histopathological Results

Liver sections in the control groups showed that hepato-
cytes arranged in cell cords separated by thin wall blood
sinusoids. Their lining epithelium consists of flat endo-
thelial cells and the cytoplasm is acidophilic with baso-
philic regions and there is no histopathological changes
were noticed (Figure 1(a)). After 48 hours of admini-
stration of ZEN, marked hepatocytes swelling, obliterat-
ing the intervening blood sinusoids and deep stained
small nuclei were observed. Apoptotic cells with pre-
served outlines, and shrunken dark stained cytoplasm
were frequently seen. Other hepatocytes exhibit necrosis
(degeneration of cytoplasmic contents) with loss of cel-
lular outlines (Figure 1(b)).In the Livers of the group
given ZEN twice a week for one week, binucleated cells
and karyomegaly (large sized nuclei) are more frequent.
Cells with 3 or 4 nuclei (polyploidy) were commonly
seen throughout liver lobules. Cytoplasm of most cells
showed tiny rounded vacuoles, most probably lipid dro-
plets (Figure 1(c)). Congestion in portal and central ve-

ins (Figure 1(d)) was the most characteristic feature of
the group treated with ZEN twice a week for two weeks.
Focal alteration in hepatocytes shape and arrangement
was also noticed and the cells seemed swollen with ir-
regular outlines (Figure 1(e)). The liver parenchyma in
the crude venom pretreated group looked more or less
normal except of few cells still showed binuclei. Tiny
vacuoles (lipids) within hepatocytes were also among the
observed features and others exhibit karyomegaly (Fig-
ure 1(f)).

(a) Liver section of the control group did not show
histopathological changes showed two central veins (CV)
and portal area demarcated by presence of portal vein
(PV) and bile duct (BD). (b) Liver section of the group
given a single dose of ZEN and left for 48 h shows
marked hepatocytes swelling and degeneration of cyto-
plasmic contents (white arrows) obliterating the inter-
vening blood sinusoids (stars). Few cells showed dark
stained cytoplasm as an early sign of apoptosis (thin ar-
rows). (c and d) Liver sections of the group given ZEN
twice a week for one week, (c) showed Karyomegaly
(whitearrow) and cell with multiple nuclei (polyploidy)
are frequent finding (black arrow). Notice also the aug-
mented nuclei of sinusoidal von Kupffer phagocytes cells,
(d) an increase in binucleated hepatocytes (thin arrows).
Cells with large sized nuclei(karyomegaly) are also ob-
served (white arrow) nevertheless some areas showed
necrosis (stars).(e) and (f) Liver sections of the group
given ZEN twice a week for two weeks, (¢) Low magni-
fication to show congestion in portal and central veins, (f)
focal alteration inhepatocytes shape and arrangement.
The cells are swollen with irregular outlines. Nuclei of
many cells showed karyolysis or even disappeared (thin
arrows). Cells with large size dnuclei (karyomegaly)
(white arrows). (g) Liver section of the group pretreated
with crude venom of jellyfish crude venom twenty 24

Table 3. Effect of zearalenone (2.7 mg/kg b.w.) on serum proteins.

Groups Albumin (%) a-globulin (%) a,-globulin (%) f-globulin (%) y-globulin (%)
C 48.81 +0.35 5.36 £ 0.05 17.72 £0.16 22.51+0.27 5.82 +0.44
T, 53.87 £ 0.25%* 6.34£0.11%* 16.98 + 0.09%** 19.22 £ 0.26%** 3.59 £0.07%*
C, 47.07 +0.07 7.34+£0.20 20.84 +0.06 21.31+0.16 2.85+0.04
T, 48.85+0.35* 8.40 +£0.28* 20.55+0.26 20.87 +0.45 2.77+0.15
C; 51.48 +£0.45 7.17+0.16 19.91£0.61 18.05 + 0.06 2.99 +0.09
T; 48.38 £ 0.03** 5.96 £0.16%* 20.91 +0.03 22.97 +£0.19%* 1.82 £ 0.03**
Ty 48.82+0.35%* 5.81+0.26%* 19.96 £0.16 19.14 £ 0.12%% % 6.27 +0.28%*

Values are expressed as mean of 10 mice + S.E. C: control group; T: treated group; C;: received 1 ml of 1% DMSO saline for 48 hours; C,: received 1 ml of 1%
DMSO saline twice a week for one week; Cs: received 1 ml of 1% DMSO saline twice a week for two week; T;: received 1 dose of ZEN and left 48 hours; T»:
received ZEN twice a week for 1 week; Ts: received ZEN twice a week for 2 weeks; Ty4: received 1 dose of crude venom (1.78 mg/20 g b.w.) 24 hours prior to
receiving ZEN twice a week for two weeks; **P < 0.01 vs. respective control; *P < 0.05 vs. respective control; #p<0.01 vs. T;.
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hours prior to administration of ZEN twice a week for
two weeks showing that hepatocyte cell cords was more
or less similar to control expect of the appearance of tiny
vacuoles (lipids) within hepatocytes (thinarrows).Same
cells showed binucleated cells (white arrow). Others ex-
hibit karyomegaly (dotted arrows).

4. Discussion

Fusarium mycotoxins are of wide spread occurrence
globally. Intense attention has been focused recently on
these toxins including zearalenone [19]. Zearalenone is
metabolized in the liver with production of alpha-zeara-
lenol (a-ZEN) and beta-zearalenol (f-ZEN) as essential
metabolites. First data were reported on the capability of
ZEN to induce liver lesions with subsequent develop-
ment of hepatocarcinoma and pituitary carcinomas [8].
The low dose of ZEN (2.7 mg/kg b.w.) relative to
LD50 (500 mg/kg b.w.) was chosen in this study to ex-
amine its effect by single and oral repeated administra-
tion in Balb/c micee as a sensitive laboratory model. In
the present research, a significant increase in liver en-
zymes ALT, AST and ALP was observed after 48 hours
of oral administration of ZEN. Similar observation was
found in the group administered the toxin for two weeks.
No significant changes in AST and ALP in animals
treated for one week while ALT was found increased.
Clinically, measuring transaminases is very important
and useful in diagnosis of liver function disorders [20].
This increase in liver enzymes reflected hepatocellular
damage. Similar observation was described by Maaroufi
et al. [21] and Conkova et al. [22]. The level of Alphafe-
toprotein in the current study was increased after two
weeks. Alphafetoprotein is a specific biomarker for liver
cancer which is synthesized mainly in the fetal stage.
Normally, no production of this marker occurs in the
adult cells, but it can be secreted when these cells trans-
formed to cancer cells. Similar finding was observed by
Sell et al. [23] and Abdel-Wahhab et al. [24] who found
that aflatoxins feeding to ducks for longer term and rats
for 6 days produced an elevation in the level of serum
AFP. Our result may be attributed to estrogen like effect
of ZEN, because estrogens can interact with specific re-
ceptors called estrogen receptors (ER) in the liver and
exerting a number of toxic effects, including liver ade-
nomas and hepatocarcinomas [25,26]. In this investiga-
tion, the level of TNF-a was undetectable in all groups
except the group treated twice for one week. Tumor ne-
crosis factor is an important proinflammtory cytokine
produced mainly by activated macrophages and in small-
er amounts by several other cell types. It also mediates
hepatotoxicity in many animal models, especially those
involving lipopolysaccharide [27]. Zearalenone has been
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reported tohave anti-inflammatory action by inhibiting
TNF-a production [28].

The present finding disclosed that hepatotoxicity
caused by ZEN is not mediated by TNF-a as Sharma et
al. [29] found that the hepatotoxicity of Fusarium my-
cotoxin fumonisin was exacerbated in mice lacking
TNF-a. Oxidative stress is a disturbance in the balance
between pro-oxidants and antioxidants. The concentra-
tion of the antioxidants were increased in all ZEN treated
groups compared to corresponding controls. The capabil-
ity of ZEN to cause oxidative stress by inducing lipid
peroxidation was demonstrated by Kouadio et al. [30].
Higher serum antioxidants might result as a host re-
sponse to severe oxidative stress or as a compensating
mechanism for depleted antioxidative components [31].
In view of such information, the observed elevation in
antioxidant is supported by a recent study conducted by
Borutova et al. [32] who found an increase of antioxidant
enzyme glutathione peroxidase GPx in the blood of
chicken after two weeks of feeding them with diet con-
taminated with (8.2 mg/kg) and ZEN (8.3 mg/kg). Pro-
tein electrophoresis has been a proven diagnostic tech-
nique to test proteins in serum or plasma in human and
animals [33]. Most of serum proteins are synthesized in
the liver and its total level in the blood is a main liver
function test. The levels of these proteins may change in
some cases of diseases or certain types of tissue damage.
In the current results, mice given ZEN showed an in-
crease in albumin and al-globulin levels after 48 hours
and one week. Abnormally high albumin level was re-
ported to be associated with dehydration [34]. Similar
increase in albumin was found in Fusarium mycotoxicity
in pigs by Rotter e al. [35] who attributed this increase
to a decrease in water or food intake and stated that is
transient. Such explanation could be given to the current
result, where ZEN produced initial increase in serum
albumin after 48 hours and one week, followed by a de-
crease in both albumin and al-globulin. This decrease
could be explained by the inhibitory effect of ZEN on
protein synthesis as described by Kouadio ef al. [30]. On
the other side, a2- and f-fractions were lower after 48
hours, while S-globulin was increased after two weeks.
Considering the estrogenic action of ZEN, estrogens
cause an increase in f globulin [36]. The y globulin frac-
tion was decreased by ZEN after 48 hours and two weeks.
This finding is in agreement with Abbes et al. [37], who
found a decrease in both IgA and IgG immunoglobulin
concentrations in mice administered ZEN. In general, the
present data confirmed that ZEN and its metabolites have
may a direct effect on protein synthesis in the liver. Re-
garding the group which pretreated with crude venom of
Jellyfish twenty 24 hours prior to administration of ZEN
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twice a week for two weeks, the results showed an im-
provement in liver enzymes, alphafetoprotein and anti-
oxidants concentrations. The coelenterata toxins contain
bradykinin and related polypeptides which have a kinin
like action [38]. The extracted crude venom from Jelly-
fish Cassiopea andromeda has been found to activate the
liver cells by increasing the metabolic rate [12]. The
findings of this study are consistent with previous study
by Sancho-Bru et al. [39] who demonstrated that a bra-
dykinin has hepatoprotective effects in rodents. The pro-
tective effect of crude venom may be due to its bra-
dykinin content. Several mechanisms may be involved in
the ameliorative effect of bradykinin. Bradykinin has
been found to enhance prostaglandin synthesis [40]
which in turn protects against liver injury [41]. Further-
more, bradykinin stimulates signaling pathways that pro-
tect parenchymal cells from apoptosis such as nuclear
factor kB (NF-xB) and protein kinase B [42]. In the pre-
sent study, statistical analysis revealed lack of difference
in albumin, al-glo- bulin between ZEN treated group for
two weeks and the crude venom pretreated group. This
indicates that the crude venom has no effect in recover-
ing the changes induced by ZEN on albumin and
ol-globulin synthesis by hepatic cells. However,
p-fraction was near to normal level, while y-fraction was
increased relative to control and ZEN treated group. This
result could be attributed to the effect of the crude venom
in enhancing the immune defense. It has been reported
that the toxin extracted from the jellyfish Catostylus mo-
saicus exhibits physiological activity such as autoim-
mune stimulation by elevation of IgM and IgG serum
levels in humans, and boosting innate immune function
[9]. Our finding has shown that the activity relating to the
immune system of the crude venom extracted from the
jellyfish Cassiopea andromeda exists and the results
warrant further investigation.

Biochemical results in the present study showed al-
teration in ALT, AST and ALP enzymes which pointed
to some sort of hepatocytes necrosis observed herein.
Similar association between increased level of hepatic
enzymes and cell necrosis were described by many in-

vestigators especially with mycotoxin hepatotoxicity [37].

Bi- nucleated hepatocytes were also observed after ZEN
administration and more frequently after one week. Cells
with double or multiple nuclei can arise as a result of
nuclear division. DNA replication, mitosis and cytokine-
sis usually evolve in a coordinated way, and each diploid
cell yields two diploid daughters [43]. However, if DNA
replication and mitosis occur without cytokinesis, the cell
becomes binucleated or if DNA replication occurs with-
out mitosis or cytokinesis, the ploidy of the nucleus dou-
bles [44]. The increased occurrence of binucleate he-
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aptocytes was hypothesized that they may be an index of
the severity of hepatic illness and that binuclearity may
be interpreted as a cell state that is more capable of re-
sponding to a major demand for protein synthesis. Taken
together, it could behypothesized that binucleate hepato-
cytes may be a reactive cell response to liver injury [45].
Hepatocyte polyploidy which encountered after one
week serves as an integral indicator of compensator liver
regeneration and its resistance [46]. Jellyfish crude ve-
nom was found to ameliorate the toxic effect of ZEN on
hepatocytes. The hepatocytes looked more or less similar
to control except of the appearance of tiny vacuoles and
some binucleated cells. Abdel-Rehim [13] proved a pro-
tective effect of this crude venom in the cases of gastric
ulceration evoked by indomethacin. The protective role
of crude venom may be due to its content of bradykinin
[38] which decreases the liver damage through reducing
hepatocellular apoptosis [39]. In conclusion, this work
confirmed that ZEN caused an alterations in the liver.
While, the crude venom extracted from the Jellyfish pro-
tected the liver structure and function from the ZEN tox-
icity. These protective effects of the crude venom may be
attributed to many factors such as amino acid content or
may result from the activation of endogenous bradykinin
or maybe due to the stimulation of prostaglandin release
which promoted the protective effects. Further investiga-
tion at biochemical, molecular and histological levels are
required to clarify the exact mechanism of ZEN hepato-
toxicity. Also, how the Jellyfish crude venom antago-
nizes such toxicity.
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