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The present study was conducted to investigate the possible protective effect of ginger on patulin (PAT)-
induced hepato-renal toxicity in male rats. Rats were intraperitoneally (i.p) injected with PAT in a single
dose (3.75mg/kg body weight). Rats were treated with ginger in a dose (100 mg/kg-1 body weight) for 4
weeks and 8 weeks. Blood samples for biochemical analysis and liver tissues were collected and fixed in
10% formalin for histopathological studies. The present study showed that, PAT causes elevated alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) activities and significantly increases serum
level of malondialdehyde (MDA) but decrease the activity of superoxide dismutase (SOD) enzyme. On
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the other hand, in patuilin injected rats and treated with ginger, the activity of ALT, AST and SOD were

improved and level of MDA was decreased significantly. The liver and kidney tissues showed markers of
improvement after treatment the patulin rats with ginger. In conclusion, treatment with ginger can protect

liver and kidney form the toxicity induced by patuilin.
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INTRODUCTION

atulin (PAT) is a mycotoxin produced as a secondary

metabolite by several fungal species particularly
Aspergillus, Byssochlamys, and Penicillium (Ramalingam
et al., 2018). PAT can induce a number of toxic effects in
several animal organs including liver, kidney and intestinal
tissues, in addition to immune system and brain (Song et
al., 2014a; Ramalingam ef al., 2018).

Ginger possesses medicinal properties and has
been used since ancient times to treat ailments like cold,
headaches, nausea, stomach upset, diarrhea, digestive
gastrointestinal disturbances, rheumatic complaints, and
parasitic infections (Haniadka ef al., 2013). Its extract has
been reported to possess a variety of biological properties
including anticancer, antioxidation, anti inflammation,
antiplatelet aggregation and antifungal (Wei et al., 2005).
Gingerols are the main components of ginger (Kato ef al.,
2006), and it has a strong anti-oxidant activity, antitumor,
anti-inflammatory properties and prevent generation of
free radicals, it is considered as a harmless herbal medicine
without side effects (Chun et al., 2002; Shen et al., 2003;
Verma et al., 2004; Ali et al., 2008). The present study
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was conducted to evaluate the hepato-renal toxicity of PAT
and the possible protective effects of ginger against these
toxicities.

MATERIALS AND METHODS

Experimental animals

Adult male Sprague Dawley rats, weighing about
100 g were obtained from Zagazig University, Faculty of
Veterinary Medicine, Egypt. They were kept under good
conditions of humidity, temperature and photoperiod (12 h
light and 12 h dark). They were fed on commercial rodent
pellet diet and water was provided ad libitum for 20 days.
Nursing and use of the animals were managed under control
of the Animal Ethics Committee of Mansoura University,
Egypt. After acclimatization, rats were divided randomly
into 6 groups each of 5 rats as follows (i) control group rats
received no treatment, (ii) PAT group rats were injected
i.p with PAT purchased from Sigma, Aldrich, Germany at
a single dose of 3.75 mg/kg, (iii) ginger group rats were
given diet containing ginger obtained from Hypermarket,
New Damietta City, Damietta, Egypt 100 mg/kg for 8
weeks, (iv) PAT and ginger group (4 weeks) rats injected
with a single dose of PAT as in group (ii) and given diet
containing ginger as in group (iii) for 4 weeks, and (v) PAT
and ginger group (8 weeks): rats injected with a single
dose of PAT as in group ii and given diet containing ginger
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as in group iii for § weeks.

Sample preparation

Rats were sacrificed under anesthesia 24 h after
injection of PAT. Blood was drawn directly from the
heart by a needle and collected in the presence of
ethylenediaminetetraacetic acid (EDTA) for hematological
study. A part of blood sample was added in tubes without
EDTA. Serum was seperated for biochemical analysis.
Large lobe of liver of each rat was quickly removed,
washed with normal saline and fixed immediately in 10 %
formalin for 24 h for histopathological studies.

Determination of complete blood picture

Blood picture for each rat was obtained by
Sysmextheautomatic hematology analyzer SF 3000, Kobe,
Japan.

Biochemical studies

Blood serum was used for estimation of liver
enzymes alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) according to Reitman and Frankel
(1957). Serum level of malondialdehyde (MDA) and
activity of superoxide dismutase (SOD) enzyme were
measured by the colorimetric technique according to
manufacture’s instructions (Bio-diagnostic, Giza, Egypt).

Histopathological assessment of liver damage

Fixed specimens were dehydrated with ascending
series of ethanol alcohol and embedded in paraffin,
sectioned at 5 pm and stained with hematoxylin—eosin
according to Drury et al. (1967) and with Masson’s Tri
chrome according to Masson (1929).

Statistical analysis

All the grouped data were statistically evaluated
with SPSS 22 software. Differences among groups were
evaluated by one-way analysis of variance (ANOVA)
and paired-samples (t test) taking into consideration the
control results as basal values.

RESULTS

Haematological studies

A significant difference in the haemoglobin (Hb)
content and platelet count x10° in PAT group compared
with control group (Table I). On the other hand, a significant
difference was observed in the RBCs and WBCs count in
ginger group compared with control group (Table I). In
ginger treated group for 4 weeks, there was significant
increase in the platelet count compared with control group
(P=0.03). Otherwise, after treatment with ginger for 8
weeks, a significant difference was observed in the WBCs

and platelet counts compared with control group.

Liver function

The activity of AST enzymes was significantly
increased in PAT group compared with that of the control
group (P=0.01). After treatment with ginger for (8weeks),
the activities of ALT and AST were significantly increased
compared with control group (Fig. 1). After treatment with
ginger for 4weeks, the activity of AST was significantly
decrease compared with PAT group (P=0.02). Also, the
activity of ALT and AST were significantly difference after
treatment with ginger for 8weeks compared PAT group
(P=0.03, P=0.01 respectively). On other hand, the activity
of AST was a significant increase in ginger and PAT 8§
weeks compared with ginger group (P=0.02). Otherwise,
the activity of ALT was a significant increase in PAT and
ginger 4 weeks group compared with PAT and ginger 8
weeks group (P=0.03).
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Fig. 1. Serum alanine aminotransferase (ALT) and a
separate aminotransferase (AST) activities U/ml in the
experimental groups.

MDA and SOD activities

The level of MDA was significantly increased in PAT
group compared with that of the control group (P=0.000).
In ginger group, there was a significant increase of MDA
level compared with control group (P=0.004). After
treatment with ginger for 4 weeks, significant increase in
MDA while SOD enzyme was decreased compared with
that of control group. On other side after treatment with
ginger for 8 weeks, significant increase of the level of MDA
were found compared with control croup (P=0.003). After
treatment with ginger for 4 weeks, there was a significant
decrease in the SOD activity compared with PAT group
(P=0.03). After treatment with ginger for 8 weeks, there
were significant differences on the level of MDA and SOD
activity were observed compared with PAT group. On other
hand there were significant differences in the level of MDA
and SOD activity compared with ginger group (Fig. 2).
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Table I. Mean count of blood cells and haemoglobin (Hb) content of experimental groups.

Control Patulin Ginger Ginger + PAT
(n=5) (n=5) (n=5) 4 weeks 8 weeks
(n=5) (n=5)
Platelet (x 10%) 420.3+182.9 143.4+129.6a* 626.6+136.3 561+233.35a* 669.6+£91.92 a*b***
WBCs (x 10%) 20.04£6.35 9.1+2.4 6.1£1.06a** 8.75£2.33 6.4+1.94a**
Hb (g/dl) 13.9+0.85 10.9 +1.07a** 12.10 +0.89 15.35+0.21 13.6+0.9b**
RBCs (x 10%) 6.1+£1.93 6.2+1.19 7.8+0.65a* 8.95+0.97 7.8 £0.87b*

Values are expressed as Mean + SD in each group; *significant; **highly significant and *** extremely significant. When compared all groups with
control group, a: compared with control group; b: compared with patulin group; c: compared with ginger group; d: compared with patulin and ginger

8weeks group.
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Fig. 2. The hepatic superoxide dismutase (SOD) activity
(U/ml) and malondialdehyde (MDA) (nM/ml) content in
the experimental groups.

Creatinine concentration

A significant difference of serum creatinine
concentration was observed between ginger group and
ginger and patulin group compared with control group
(P=0.000, P=0.001), respectively. Also, there was a
significant difference in serum creatinine concentration
between ginger and patulin for 8weeks group compared
with patulin group (P=0.001). In ginger and patulin
8weeks group, there was significant decrease in serum
creatinine concentration compared with ginger group
(P=0.03) (Fig. 3).

Histopathological studies

Liver tissue

Liver tissue of patuilin injected rats showed periportal
hepatic vacuolation with dark pyknotic nuclei and bile duct
proliferation (Fig. 4b) and increased the periportal fibrous

connective tissue (Fig.5b). After treatment with ginger for
4 and 8 weeks, liver tissues showed marked improvement
in terms of decreased degree of hyperplasia in liver and
thin fibrous layer (Fig. 4c, 4d and Fig. 5c, 5d) compared
with liver tissue of the control group.
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Fig. 3. Mean of serum creatinine concentration (mg/dl) in
the experimental groups.

Kidney tissue

Figure 6a and Figure 7b showed congestion of the
glomerular tufts with oedema of the Bowman’s space and
degenerative changes within the renal tubular epithelium.
There is increased thickness of the periglomerular and
peritubular fibrous layer in PAT treated rats. Treatment
with ginger for 4 and 8 weeks, showed normal renal
glomeruli, normal renal tubules and thin perivascular layer
of fibrous tissue (Fig. 6b, 6¢ and Fig. 7c, 7d) compared
with kidney tissue of the control group.
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Fig. 4. Light micrograph of liver, (a) control animals
showing normal hepatocytes arranged in cords around
the central vein (arrow); (b) PAT-treated animals showing
periportal hepatic vacuolation with dark pyknotic nuclei
(arrow) and bile duct proliferation (arrowhead); (c) PAT
and ginger (4weeks) animal showing normals periportal
hepatic cells (arrow) and mild hyperplasia of the lining
epithelium of the bile duct (arrowhead) and (d) PAT
and ginger animals (8 weeks) showing normal hepatic
cells (arrow) and normal portal tissues (arrowhead),
Haemotoxylin and Eosin stain, bar = 40 pm.

Fig. 5. Light micrograph of liver, (a) control animals
showing thin layer of periportal fibrous connective tissue
(arrow); (b) PAT-treated animals showing increased the
periportal fibrous connective tissue (arrow); (c) PAT and
ginger (4weeks) animals showing thin layer of periportal
fibrous connective tissue (arrow) and (d) PAT and ginger
(8weeks) animals showing thin layer of periportal fibrous
connective tissue (arrow), Masson’s trichrome staininig
bar=40 pm.

DISCUSSION

PAT has been reported to decrease glutathione (GSH)
level and glutathione-s-transferanse (GST) activity and
increased DNA damage in mice liver (Pfeiffer et al.,
2005). PAT also depresses protein synthesis in hepatoma
tissue culture (Arafat and Musa, 1995), and decreases the

viability of hepatic cells (Zhou et al., 2009).

Fig. 6. Light micrograph of kidney, (a) control animal
showing normal renal glomeruli and tubules (arrow
head and arrow respectively); (b) PAT-treated animal
showing congestion of the glomerular tufts with oedema
of the Bowman’s space (arrowhead) and degenerative
changes within the renal tubular epithelium (arrow); (c)
PAT and ginger-treated animal for 4 weeks showing mild
to moderate degenerative changes within renal tubular
epithelium (arrow) and (d) PAT and ginger treated animal
for 8 weeks showing normal renal glomeruli and tubules
(arrow and arrowhead respectively), Haemotoxylin and
Eosin stain, bar=40 um.

Fig. 7. Light micrograph of kidney, (a) control animals
showing thin layer of periglomerular and peritubular fibrous
layer (arrow); (b) PAT -treated animals showing increased
the thickness of the periglomerular and peritubular fibrous
layer (arrow); (c) PAT and ginger -treated animals for 4
weeks showing thin periglomerular and peritubular fibrous
layer (arrow) and (d) PAT and ginger -treated animal
for 8 weeks showing thin perivascular layer of fibrous
connective tissue (arrow), Masson’s trichrome stain, bar=
40 pm.

The present study showed significant decreases in Hb
content in PAT group compared with that of the control
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group. Decreased Hb in our study is in accordance with
the studies of Rolinec ef al. (2010) and Bacovsky (2013).
Camguilhem et al. (1976) reported that PAT caused anemia
in other mammals such as sheep. The results of our study
showed significant improvement in blood parameters such
as RBCs, Hb, WBCs, PLT, after treatment of PAT group
with ginger for 4 or 8 weeks.

The present study showed that injection of PAT in
male rats caused a significant elevation in serum level of
MDA corresponding to markedly decreased antioxidant
parameters including, SOD activity. This finding indicates
that PAT caused oxidative injury in liver and kidney of the
treated rats. The present findings closely resemble to that
obtained by several studies demonstrating the toxic effect
of PAT in different organs, including the liver, kidney and
brain (Heussner et al., 2006; Saxena et al., 2011; Song
et al., 2014b). In addition, Liu et al. (2006) found that
inhibition of both SOD and catalase (CAT) could play a
role in PAT-induced oxidative damage in certain types of
human cells in vitro. Moreover, studies on dermal toxicity
of PAT showed that, in the presence of promoter, PAT
in a single topical application (400 mmol) led to tumor
formation along with marked rise in lipid peroxidation
product and decrease in activity of antioxidant enzymes
including CAT, SOD and glutathione reductase (GSH-RD)
in treated mice (Saxena et al., 2011).

In the present study, PAT administration in rats
caused elevation in the serum activities of ALT and AST.
This result confirmed that PAT is a hepatotoxic mycotoxin
and has the ability to produce hepatocyte injury. The
mechanism of this liver injury seemed to be due to PAT-
increased lipid peroxidation product and reduced both
GSH and antioxidant enzymes in the liver of treated
mice. Hepatotoxic effect of PAT was further confirmed by
obtained finding of lowered serum concentrations of total
proteins and albumin, which reflects inhibition of liver
synthetic function. Thus, injection of PAT in rats could
induce oxidative stress which resulted in hepatic cell injury
and dysfunction. Hepatocellular damage of PAT may be
time dependent as reported by El-Sawi ef al. (2018).

Histopathological results showed that, liver tissue
of PAT injected rats show periportal hepatic vacuolation
with dark pyknotic nuclei and bile duct proliferation
and increased the periportal fibrous connective tissue. In
another study, liver tissues of PAT treatment in BALB/c
mice undergo necrosis of hepatocytes, infiltration by
inflammatory cells, focal hepatocellular vacuolation,
and slight hemorrhaging (Jayashree et al., 2017). After
treatment with ginger for 4 and 8 weeks, liver tissues
showed marked improvement in which it can be observed
that degree of hyperplasia in liver and thin fibrous layer is
decreased.

In kidney tissue there are some findings such as
congestion of the glomerular tufts with oedema of the
Bowman’s space and degenerative changes within the
renal tubular epithelium and increased the thickness
of the periglomerular and peritubular fibrous layer in
PAT treated rats. El-sawi et al. (2015) found that PAT
injection induces several histopathological changes in
the kidney tissue of male albino rats, e.g., shrinkage and
hyper cellularity of glomeruli, hyperplasia of the epithelial
lining, and wall destruction. Moreover, PAT causes the
loss of microvilli (apical), mitochondria, and of the brush
border of proximal and distal convoluted tubules as
well as infiltration of interstitial inflammatory cells into
rat kidney tissue. However, in mouse kidneys there are
uncovered degeneration of renal corpuscles, Bowman’s
capsules, kidney tubules, and glomeruli; hemorrhage
and extravasation in tubules of the cortical region; hyper
cellularity in glomeruli and medullary tissue; and flaking
out of the epithelial cells as reported by Al-Hazmi (2014).

Treatment with ginger for 4 and 8 weeks, showed
normal renal glomeruli and renal tubules and thin
perivascular layer of fibrous tissue (Fig. 6b, 6¢ and Fig.
7c, 7d) compared with kidney tissue of the control group.
Due to the antioxidant activity of ginger the present results
showed that treatment with ginger, attenuated the severity
of inflammation induced by PAT in liver and kidney which
can be observed from the present findings that, normal
liver and kidney tissue and a thin layer of collagen fibers
was observed after ginger treatment for 4 and 8 weeks.

CONCLUSION

The present study shows that the ginger protects
the liver of rats from PAT-induced injury by suppressing
hepatic inflammation and attenuating hepatic oxidative
stress. Ginger has the ability to down regulate free radicals,
improve liver function and ameliorate hepatic marker
enzymes.
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