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Abstract: Patulin mycotoxin on some biochemical parameters and histological changes on male rats' liver and effect
of crude venom extracted from jelly fish Cassiopea Andromeda as a treatment. 50 Inbreeding weanling white male
wistar lewis rats were divided randomly into 5 groups. Control group was gavage fed daily with distilled water;
three treated groups were gavage fed daily dose with Patulin (0.2 mg/kg b.w.) for one, two and three weeks
respectively. The last group was treated by Patulin for one week then injected intraperitoneally with single dose of
crude venom (1.78 mg/20 g b.w.) for 24 hours according to LDsy. Level of (AST) and (GGT) were increased
significantly in serum of all treated groups compared with control group but level of (ALT) was increased
significantly in treated group after one week only. Although the concentration of (TNF-a) was increased
significantly and gradually in all treated groups, the concentration of ferritin was decreased significantly in treated
three after three weeks only. Histopathological changes of rat liver coincided with biochemical changes. In
conclusion, oral exposures of Patulin indicate that hepatic alteration was produced in manner related to dose
duration and crude venom may used as new therapeutic approach to detoxify hepatocytes from Patulin.
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1. Introduction enhanced prostaglandin synthesis’ which in turn
Huge quantities of food are wasted every year improved hepatic function.'
because they are invaded by toxic fungi or The work plan involves testing experimental
contaminated by fungal metabolic products. Over the animals for the influence of patulin mycotoxin on
past 15-20 years, toxic mold exposure has become liver enzymes, some tumor markers, carbohydrate
hazardous and frequent.’ Mycotoxins are secondary metabolism as reflected on liver function and
metabolites produced by certain filamentous fungi, structure. Additional attentions are given to crude
which can be produced in foods as a result of fungal venom extracted from jelly fish as treatment.
growth.? Fruits and vegetables are an important part
of a balanced diet, but they may be colonized by 2. Materials and methods
moulds that produce mycotoxins’. In fruit juice, Fifty white male Wistar Lewis rats each
Patulin is considered to be the most important and is weighs (55-65 g) were obtained from the animal
produced by several species of fungi including facility of King Fahd Medical Research Center, King
Penicillium expansum.* Abdul-Aziz University, Jeddah, Saudi Arabia. The
Many experimental studies have been carried animals were conditioned at room temperature and
out using crude venom extracted from jelly fish for commercial balanced diet and tap water was provided
the treatment of animal disease. Venoms are complex throughout the experiment. Animals were divided
mixtures of many different components, whereas a randomly into five groups (10 rats each in two cages)
toxin is a single pure compound. Toxins found within and were subjected to the following schedule of
venoms often have novel, highly specific activities treatments: Control group was gavage fed daily with
that have the way for the design of therapeutically distilled water; three other treated groups were
useful molecules based upon the structural gavage fed daily dose with Patulin (0.2 mg/kg b. w.)
information obtained.” The toxins of coelenterates for one, two and three weeks respectively. The last
have been detected to include bradykinnin and related fifth group was treated by Patulin as treated one for
polypeptides which have a kinin like action.® BK one week then injected intraperitoneally with a single
have effective role in liver regeneration™® and dose of crude venom from jelly fish (1.78 mg/ 20 g

b.w.) for 24 hours according to LDs,. Blood samples
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were collected from the orbital sinus and stored at -
20°C until analysis was performed. Sera were used
for the measurement of AST, ALT, GGT, TNF,
ferritin and glucose. The animal was decapitated and
the abdomen was opened. The liver was excised and
washed in sterile saline solution. Small parts were
taken for histological studies and other parts of liver
were stored at -20°C for glycogen analysis.

3. Results

The biochemical and histological changes
were studied in blood and liver of male Wistar Lewis
rats as a result of administration of a daily dose of
Patulin (0.2 mg/kg b. w.) and observed over a period
of one (T1), two (T2) and three (T3) weeks compared
to the control group. In addition to treated four (T4)
using single dose intraperitoneally of crude venom
extracted from jelly fish (1.78 mg/ 20 g b. w.) for 24
hours after treated with Patulin for one week (Tables
1, 2).

Table 1: Effect of Patulin (0.2 mg/Kg b. w.) on Some Biochemical Parameters of Male Rats.

Groups Control Tl T2 T3
Parameters
AST U/L 35.146 £ 0.42 70.656+0.79** 72.404+0.87** 65.596+0.41**
ALT U/L 41.073 +0.68 45341 £ 0.97** 39.393£0.71 N.S 40.528 £0.99 N.S
GGT U/L 8.203 £0.21 9.834 £ 0.41** 9.539 £ (.25%* 9.899 £ (0.0.22**
TNF Pg/ml 38.027 £0.97 53.925 £0.81** 60.680 £ (.35 ** 93.588 £ (.98 **
Ferritin pg/ml 1.617+£0.03 1.605+0.06 N.S 1.539£0.08 N.S 1.048 £ 0.06 **
Glucose mmol/l 3.495+0.11 3.356+0.14 N.S 4,127 £0.06 ** 3.974 £0.08 **

Data are expressed as mean + SE.  Number of sample in each group is 10.

Significant change in comparison between groups:

**  Highly significant (P <0.01) *  Significant (0.01+ P < 0.05)

T1, T2, T3 = Treated group with Patulin

N.S Non significant (P > 0.05)

Table 2: Effect of Crude Venom (1.78 mg/ 20 g b. w.) on Some Biochemical Parameters in Male Rats after Patulin

(0.2 mg/kg b. w.) Hepatotoxicity

Parameter Control T1 T4
35.146 £ 0.42 70.656+0.79 51.253+0.71
AST U/L P
[ 1) [ ])
41.073 £ 0.68 45341 +£0.97 41.232+0.84
ALT U/L Hx
Py N.S
8.203 £0.21 9.834+0.41 8.819+0.24
GGT U/L *
Py N.S
38.027 £0.97 53.925 +0.81 46.445 £ 0.67
TNF Pg/ml Hk
0 0
1.617 £0.03 1.605 +0.06 1.607 £0.03
Ferritin pg/ml N.S
N.S N.S
3.495+0.11 3.356+0.14 3.217+£0.08
Glucose mmol/1 N.S
N.S N.S
0.052+£0.01 0.038 £ 0.004 0.037 £ 0.003
Glycogen pg/ul N.S
N.S N.S

Data are expressed as mean + SE.  Number of sample in each group is 10.

T1 Treated group with Patulin
Significant change in comparison between groups:
** e Highly significant (P <0.01) *
First significant change as compared with T1,

Histological results:
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Significant (0.01< P < 0.05)
Second significant change as compared with control.

T4 Treated group with Patulin + crude venom of jelly fish

N.S Non significant (P > 0.05)

The effect of Patulin on liver parenchyma

varies in different weeks. In animal group of one
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week (T1) (Fig. 2), there was evident hepatocytes
vaculation and damage of cellular membrane
(necrosis), while in group of two weeks (T2) (Fig. 3)
the histological changes were less compared to those
of one week (T1). Instead of vacuolation, scattered
apoptotic cells were observed in groups of two weeks
(T2) and three weeks (T3) (Fig. 4). The proliferation
of bile ducts in group of three weeks (T3) was
described to be associated with hepatic metabolic

disturbance or toxic exposure.'' The nuclei showed
marked variation in size, Pyknosis (small dark
nuclei), karyomegally (large sized) and karyolysis
(degeneration) were observed. The enlarged nuclei
was observed mainly in animals given Patulin for two
weeks (T2) and three weeks (T3) and also in jelly
fish treated group (T4) (Fig. 5) which may as a result
of hepatocytes toxicity.

Fig. 2: Normal Hepatocytes & The effect of Patulin on liver parenchyma after one week (T1 Hepatocytes)
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Fig. 4: Normal Hepatocytes & The effect of Patulin on liver parenchyma after three weeks (T3 Hepatocytes)
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Fig. 5: Normal Hepatocytes & The effect of Patulin on liver parenchyma after one week (T1 Hepatocytes) & The

effect of Patulin and crude venom on liver parenchyma after one week (T4 Hepatocytes)

Discussion

From the data in table (3), the level of AST and
ALT were increased than the control group after
administration of Patulin for one week (T1), serum
transaminases levels in normal subjects are low and
liver tissues is rich in both transaminases. So, the

leakage of them into the serum is an indicative of
hepatotoxicity (Westhuizen et al., 2001). El-Sawi et
al., 2000 reported that the presence of nonfunctional
plasma enzymes at levels elevated above normal
values suggested an increase rate of tissue
destruction.

Table 3: Effect of Patulin (0.2 mg/Kg B.W) on Some Biochemical Parameters of Male Rats.

T1

T2

T3

70.656+0.79 **

72.404+0.87 **

65.596+0.41 **

45.341 £0.97 **

39.393 £0.71 N.S

40.528 £ 0.99

AN

9.834 £0.41 **

9.539 £ 0.25 **

9.899 £0.0.22 **

53.925+£0.81 **

60.680 = 0.35 **

93.588 £ 0.98 **

1.605+0.06 N.S

1.539£0.08 N.S

1.048 £ 0.06 **

3.356+0.14 N.S

4.127+£0.06 **

3.974+£0.08 **

Groups Control
Parameters

AST U/L 35.146 +0.42
ALT U/L 41.073 £ 0.68
GGT U/L 8.203 +£0.21

TNF-a Pg/ml 38.027 £ 0.97
Ferritin pg/ml 1.617 +0.03
Glucose mmol/l 3.495+0.11
Glycogen pg/ul 0.052+0.01

0.038+£0.004 N.S

0.038£0.005 N.S

0.038 £0.004 N.S

Data are expressed as mean = SE. Number of samples in each group is 10.

T1, T2, T3 = Treated group with Patulin Significant change in comparison between groups:
** = Highly significant (P < 0.01) * = Significant (0.01< P <0.05)

N.S = Non significant (P > 0.05)

From the previous data a highly significant decline of
AST level was found in three weeks (T3) group as

The level of AST remained elevated in two
weeks (T2) group compared to that of ALT Ilevel.
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compared to two weeks (T2) group, but the level of
ALT showed highly significant decrease in two
weeks (T2) group compared with one week (T1)
group which means gradual recovery of hepatocytes.
This means that falling aminotransferase suggests a
decrease in hepatocellular damage (Marshall and
Bangert, 2004) which was proved in this study by
improvement of histological changes in hepatocytes.
However, the decrease in Patulin hepatotoxicity in
appeared in (T2) and (T3) groups could be explained
either by the possibility of metabolic conversion of
Patulin into less cytotoxic compound or due to the
adaptation of hepatocytes via detoxification process.
Another explanation based on its excretion via urine
or faces (Moss, 2002; Speijers, 2004).

Otherwise, GGT is a key enzyme implicated in
the homeostasis of intracellular reduced glutathione
(GSH) and hence in the regulation of the cellular
redox state. Besides, the extracellular cleavage of
GSH by GGT leads to reactive oxygen species (ROS)
production (Accaoui et al., 2000). Moreover, it is
known that oxidative conditions occurring during
inflammation that evoked by tissue damage can
induce the expression of GGT (Zhang et al., 2006).

The results of TNF-a concentration in serum
rats summarized in table (3), pointed that the
concentration was gradually increased between
groups in manner related to the duration of treatment.
These results are in agreement with those obtained by
AL-Anati et al. (2005). TNF-a was reported to induce
both necrosis and apoptosis of hepatocytes and the
increased concentrations of TNF-a in serum indicated
that the production of this cytokine may also be
induced (Decicco et al., 1998). These findings
indicated that several mycotoxins are able to
modulate the production of cytokines in different
organs and cell types (Bondy and Pestka, 2000;
Oswald and Come'ra, 1998) which signified that
Patulin treatment results in the ROS production in
mammalian cells and ROS partially contributes to
PAT- induced cytotoxicity (Liu et al., 2007).

Ferritin is used for assessment of malignant
disease and liver disorders (Sirus and Yusuf, 2006). It
is a major iron-storage molecule in the human body
cells and has thus been used for decades as a
diagnostic indicator of iron concentration in liver and
other tissues (Finch et al., 1986; Hasan et al., 2006).
Intracellular iron can participate in the formation of
free radicals, leading to liver cell damage. This may
be prevented by the ability of ferritin to oxidize and
store iron (Hagen et al., 2002). However, in liver
diseases, redox is increased thereby damaging the
hepatic tissue (Muriel, 2009).

The data in the present work, table (3)
revealed that Patulin induced highly significant
decrease in the mean value of ferritin concentration
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in three weeks group (T3) only. While a non
significant decrease in the mean value of ferritin
concentrations were noticed after one and two weeks
groups (T1, T2) which indicate that the interaction of
free radicals, as a result of Patulin accumulation in
(T3) group. Ferritin is probably also involved in the
pathogenesis of some inflammatory diseases
including hepatitis (Biemond et al., 1988). The
decrease of ferritin level may be attributed to the
induction of oxidative stress by Patulin (Liu et al.,
2007) leading to the distruption in iron homeostasis
(Erikson et al., 2006) which resulting from impaired
liver function (Ganz, 2009).

Concentrations of ferritin in serum increase in
a variety of conditions that include cancer, liver
disease, inflammation, iron overload, or iron
treatment (Tran et al., 1997). Hann et al. (2006)
supported that increased serum ferritin levels are
associated with an increased risk of primary
hepatocellular carcinoma (PHC) which contradict
with this work results.

Carbohydrates serve numerous functions in the
body, but the bulk of the carbohydrate ingested is
used to derive energy for metabolism. The level of
glucose in blood of normal animals, and
consequently the amounts available to body organs,
is closely regulated through the action of several
hormones. When carbohydrate intake is high, excess
glucose is converted to a glycogen, a glucose
polymer, for storage, but the amount of glycogen
storage is limited (Donaldson, 2001).

Our results in table (3) revealed that the mean
value of glucose concentration was not changed in
Patulin treated group for one week (T1) but highly
significant increased in treated groups for two (T2)
and three (T3) weeks compared to the control group.
These results were confirmed by Devaraj et al. (1983)
in which Patulin is found to interfere with the
carbohydrate metabolism. Otherwise, Sakithisekaran
et al. (1989) and Wouters and Speijers (1996)
demonstrated that via the gluconeogenesis which is
stimulated by increase glucose-6-phosphatase and
fructose-1, 6-diphosphatase activity. Patulin was
proved to be diabetogenic by Devaraj et al. (1986)
who explained the elevation of fasting blood glucose
level through glucose tolerance test which revealed
an elevated glucose curve and reduced insulin
production. Also, Speijers (2004) reported that
Patulin increase blood glucose level by 60 %. By
looking to table (3), the mean value of liver glycogen
concentration was slightly decreased but not
significant in treated groups compared to control
group. These results were in accord with the study by
Suzuki et al (1974) who found depletion of glycogen
in liver after citrinin toxicity. Also, Rastogi et al
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(2000) reported that single doses of aflatoxin Bl
decreased liver glycogen.

In addition, the present work was done to
examine the protecting effect of crude venom
extracted from jelly fish Cassiopea Andromeda
against Patulin hepatotoxicity through bradykinnin
content that was the effector peptide of kallikrein-
kinin system.From the obtained data, table (4) the
serum level of AST, ALT and GGT enzymes showed
highly significant decrease in (T4) group as
compared to (T1) group and as previously reported in
table (3), these transaminases and GGT were highly
significant increased in (T1) group compared to
control group. Crude venom extracted from jelly fish,
Eutonina indicans was proved by Abdel-Rehim et al.
(1996) to have no effect on liver enzymes activities
which indicate its safty use in lab animals. So,

decreased aminotransferases was indicator to reduced
liver damage (Sanchro-Bru et al., 2007). This means
that extracted crude venom of jelly fish Cassiopea
Andromeda ameliorate the hepatotoxic effect of
Patulin administrated for one week.

On the other hand, only the level of AST was
still highly significant increase in (T4) group
compared with control group. This result was
coincident with the studies done by Omran and
Abdel-Rahman (1992); Assi and Nasser (1999);
Pipelzadeh et al. (2006) who using crude venoms of
different sources. This increase may due to the
presence of AST in organs other than the liver. Thus
AST level in rats has a limited value as specific
endpoint in toxicological studies (Bondy et al., 2000).

Table 4: Effect of Crude Venom (1.78 mg/ 20 g b.w) on Some Biochemical Parameters in Male Rats after Patulin

(0.2mg/kg b.w.) Hepatotoxicity.

Parameter Control T1 T4
35.146 £ 0.42 70.656+0.79 51.253+0.71
AST U/L **
[ ] [ ]
41.073 + 0.68 45.341 £ 0.97 41.232 +0.84
ALT U/L **
o0 N.S
8.203 £0.21 9.834 +0.41 8.819 £0.24
GGT U/L *
o0 N.S
38.027 + 0.97 53.925 + 0.81 46.445 £ 0.67
TNF Pg/ml ok
[ ] 20
1.617 +£0.03 1.605 + 0.06 1.607 £ 0.03
Ferritin pg/ml N.S
N.S N.S
3.495+0.11 3.356+0.14 3.217+0.08
Glucose mmol/l N.S
N.S N.S
0.052:+0.01 0.038 + 0.004 0.037 +0.003
Glycogen pg/ul
N.S
N.S N.S
Data are expressed as mean + SE. Number of sample in each group is 10.
T1= Treated group with Patulin T4 = Treated group with Patulin + crude venom of jelly fish
Significant change in comparison between groups: ** e@ = Highly significant (P <0.01)
* = Significant (0.01<P < 0.05) N.S = Non significant (P > 0.05)
First significant change as compared with T1, Second significant change as compared with control.

By the examination of the effect of jelly fish
crude venom on Patulin toxicity in rats, the crude
venom was found to decrease significantly the
concentration of tumor necrosis factor-alpha (TNF-a)
in (T4) group compared with (T1) group. This
improvement may be attributed to the protective
effects of crude venom bradykinnin and related
polypeptide (Burnett and Calton, 1977). On the other
hand, the bradykinnin was known to stimulate the
release of prostaglandins (PGs) in a variety of animal
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tissues (Levant et al., 2006). PGs in turn was reported
to improve the hepatic function and structure (Lkeya
et al.,, 2002; Fouda, 2004; Rincon-Sanchez et al.,
2005) and required for liver regeneration and
involved in the regulation of a number of cytokines
(Rudnick et al., 2001) acting to limit TNF-o. The
mechanisms by which prostaglandins limit TNF-a
mRNA levels may underlie endogenous regulatory
mechanisms that limit inflammation, and may have
important implications for understanding chronic
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inflammatory disease pathogenesis (Stafford and
Marnett, 2007).

Otherwise, the mean value of TNF-o was
highly increased in (T4) group compared to control
group. Increased serum concentration of TNF-a as
one of the small peptide molecules which act as an
important mediator in the regulation of the immune
and inflammatory responses (Bouhet and Oswald,
2005) indicated that organs or tissue other than the
liver could be affected (Decicco et al., 1998).

The obtained data from the present
investigation (table 4) revealed that the mean value of
ferritin, glucose and glycogen concentrations were
not significantly changed in (T4) group compared to
(T1) group and also control group. This phenomenon
indicates that the Patulin had no effect on these
parameters in (T1) group and parallel to each other
on the same results of (T4) group. In the present
study, it was observed that administration of Patulin
(0.2 mg/kg b.w.) to laboratory rats, affects the
histological structure of liver parenchyma. Individual
variation regarding sensitivity to toxic effect was
observed in different animals and similar observation
was reported by El-Sawi and Habib (2004) as a sign
of multi drug gene resistance. The effect of Patulin
on liver parenchyma varies in different weeks. In
animal group of one week (T1), there was evident
hepatocytes vaculation and damage of -cellular
membrane (necrosis), while in group of two weeks
(T2) the histological changes were less compared to
those of one week (T1). Instead of vacuolation,
scattered apoptotic cells were observed in groups of
two weeks (T2) and three weeks (T3). The
proliferation of bile ducts in group of three weeks
(T3) was described to be associated with hepatic
metabolic disturbance or toxic exposure (George et
al., 2001). The nuclei showed marked variation in
size, Pyknosis (small dark nuclei), karyomegally
(large sized) and karyolysis (degeneration) were
observed. The enlarged nuclei was observed mainly
in animals given Patulin for two weeks (T2) and three
weeks (T3) and also in jelly fish treated group (T4)
which may as a result of hepatocytes toxicity (Fong
et al., 2004).

The significant elevation of liver enzymes
observed in the present study in treated groups could
be explained in view of histological finding which
showed cellular membrane damage especially in
group of one week (T1) where the specific liver
enzyme ALT was high. Its value was returned to
normal level in groups of two weeks (T2) and three
weeks (T3). This support histological observation
where hepatocytes appeared with intact outlines and
only focal apoptosis were observed. The focal
damage in hepatocytes of two weeks group (T2)
could explain the sustained elevation of AST and
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GGT levels in this group. Similar association
between biochemical finding and histological
changes was reported in literature (Wu et al., 2007).

TNF-o was a known cytokine secreted by
many cell types including kupffer cells, and
macrophages (Gonzalez-Amaro et al., 1994). In the
present study Von Kupffer cells, a well known fixed
phagocyte of liver, were found to be increased. TNF-
a was reported by Fong et al. (2004) to induces
apoptosis in target cells that express TNF-a receptors
on their cell membrane. Apoptotic hepatocytes were
observed especially in groups of two weeks (T2) and
three weeks (T3) where TNF-a was described to be
significantly high in their serum. Apoptosis was
reported to be an effective process for the elimination
of unneeded, diseased or transformed cells
(D’agostini et a.1, 2001). It causes cell death in a way
that differs morphologically and biochemically from
necrosis. Earlier studies

Apoptosis was reported to be an effective
process for the elimination of unneeded, diseased or
transformed cells (D’agostini et a.l, 2001). It causes
cell death in a way that differs morphologically and
biochemically from necrosis. Earlier studies showed
that the common core mechanism of apoptosis is a
DNA fragmentation and nuclear morphological
lesions, such as condensation and fragmentation
(Schwartman and Cidlowski, 1993). In this study
apoptotic hepatocytes showed dark stained cytoplasm
and condensed small nuclei.

The current study showed scattered apoptotic
cells in groups of two weeks (T2) and three weeks
(T3) which are in accord with what was reported with
other mycotoxins such as ochratoxin A (Bokhari and
Ali 2006). Also, Atroshi et al. (2000) reported that
any given toxins may induce both apoptosis and
necrosis, depending on the dose and period of
administration and attributed the changes to the
increase in reactive oxygen species (ROS).

On the other hand, inflammation plays a role
in classical chemical toxicity as follows: initial toxic
injury produces focal tissue damage and necrosis in
target organ (Luster et al., 2001). Necrosis and
cellular vaculation were initially observed in group
after one week (T1) of Patulin administration. The
same authors reported that as a result of cellular
damage (necrosis), tissue fixed macrophages, are
activated and secrete inflammatory products
including the proinflammatory cytokine tumour
necrosis factor TNF-a, which is a central regulator
that aids in tissue repair by stimulating apoptosis and
cell proliferation as well as exacerbating cell damage
by initiating an overly aggressive inflammatory
process. The same was observed in the next groups of
Patulin administration after two weeks (T2) and three
weeks (T3) where apoptosis was dominant over
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necrosis. The inability of the system to neutralize the
excessive release of reactive oxygen species are
responsible for cell damage or activating genes
responsible for cell proliferation (Luster et al., 2001).
To our knowledge, there is no detailed
information regarding Patulin pharmacokinetics in
human (absorption and metabolism) or toxicokinetic
behaviour. Future studies were needed to investigate
the cumulative chronic exposure to such mycotoxin.
The question here, can the crude venom of jelly fish
in the present work use as a new therapeutic approach
for enhancing hepatocytes detoxification of
mycotoxins? The present work recommended that
different feedstuffs or fruit juices known to be liable
for mycotoxin contamination must be carried out and
checked periodically before popular consuming.

4. Conclusions

The present study indicated that the
biochemical and histological effect of Patulin was
time dependent. Variation in degree of response was
observed in different animals in the same group.
Also, the results were pointed to the potential
protective effect of crude venom extracted from jelly
fish Cassiopea Andromeda which can be useful to
protect humans or animals against the adverse health
effects of this mycotoxin. This study could be
considered preliminary as there are no published
studies dealing with Patulin hepatotoxicity on studied
parameters.
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