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ABSTRACT

Carbendazim is a broad spectrum carbamate fungicide used in the control of various fungal pathogens. The present
work studied the effect of carbendazim on the liver of albino rats and the possible protective role of Ginko biloba ex-
tract (EGB). Liver of carbendazim-treated animals showed histopathological and histochemical alterations. The histo-
pathological changes include hepatic tissue impairment, cytoplasmic vacuolization of the hepatocytes, and congestion
of blood vessels, leucocytic infiltrations and fatty infiltration. Histochemical results showed reduction of carbohydrates
and total proteins in hepatic tissues. Moreover, liver function enzymes (ALT, AST) were elevated in sera of carben-
dazim-treated animals. Coadministration of EGB with Carbendazim improved the hisological and histochemical
changes observed in animals treated with carbendazim. In addition, EGB treatment leads to a significant decrease in
ALT and AST. According to the present results, it is concluded that EGB can improve the hepatotoxicity of carben-

dazim and this effect may be attributed to antioxidant properties of Ginko biloba extract.
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1. Introduction

Fungicides are used to protect seeds, fruits and vegeta-
bles during storage or are applied directly to ornamental
plants, trees, field crops, cereals and turf grasses. On the
other hand, fungicides are frequently used around the
home constitute a major hazard to pets and livestock due
to accidents, carelessness, or deliberate misuse. Because
mechanisms of action and metabolic clearance differ
among fungicides, specific reproductive, teratogenic,
mutagenic, carcinogenic effects or patterns of organ tox-
icity may manifest according to the poison ingested [1].
It was reported that fungicides caused systemic poisoning
in animals such as sheep [2], poultry [3], and humans [4].

Carbendazim (methyl-2-benzimidazole carbamate), is
a systemic benzimidazole fungicide that plays a very
important role in plant disease control. It is also used as a
preservative in paint, papermaking and in the leather
industry and further used as a preservative of fruits [5].
However, long-term exposure to carbendazim resulted in
the decreased survival rate, body weight, and hemato-
logical, biochemical, and histopathological alterations in
adrenal, thyroid, liver, and testis [6,7]. It can disrupt the
development of sperm and damage testicular develop-
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ment in rats [8]. Muthuviveganandavel et al. [9] reported
that carbendazim induced biochemical and histopatho-
logical alterations in liver of rats.

Medicinal plants play an important role in pharmacol-
ogy and medicine for hundreds years. Leaves of the plant
Ginko biloba have been used for thousands of years as a
traditional Chinese herbal medicine [10]. Ginkgo trees
are now widely planted in China, Japan, Korea, France,
Germany and the United States for both ornamental and
medicinal purposes. G. hiloba extract is believed to pro-
vide beneficial effects in memory impairment, stroke,
edema, inflammation, Alzheimer’s dementia, and vasoo-
clusive disorders [11]. A standardized chemical product
(761, EGB) from these leaves was pharmacologically
prepared containing two major functional constituents
(24% - 25% flavonoid glycosides and 6% terpenoids)
[12]. This extract was found to have many pharmacol-
ogical proposes. It has neuroprotective, anticancer, car-
dioprotective, stress alleviating, memory enhancing ef-
fects and possible effects on tinnitus and psychiatric dis-
orders [13-15]. The therapeutic mechanisms of action of
Ginkgo leaf extract are suggested to be through its anti-
oxidant, antiplatelet, antihypoxic, antiedemic, hemor-
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rheologic and microcirculatory actions, where the fla-
vonoid and terpenoid constituents may act in a comple-
mentary manner [16,17].

Harputluoglu et al. 2006 [18] reported that EGB ame-
liorated thioacetamide induced hepatic failure through its
free radical scavenging effect. Sener et al. 2006 [19]
studied the possible protective effects of EGB extract
against oxidative damage induced by irradiation in lung,
liver, kidney and ileum of rats. The authors concluded
that pretreatment of EGB attenuated irradiation-induced
oxidative organ damage injury through its free radical
scavenging and antioxidative properties. They suggested
that Gb extract may have a potential benefit in enhancing
success of radiotherapy. Sener et al. 2005 [20] assessed
the antioxidant and antifibrotic effects of long-term
G.biloba extract administration on liver fibrosis induced
by bile duct ligation (BDL) and scission in Wistar male

albino rats. Recently, Al-Attar, 2012 [21] reported that G.

biloba leaves extract inhibits liver fibrosis induced by
thioacetamide in mice. The present study was designed to
evaluate the protective effect of G. biloba leaves extract
on hepatotoxicity of carbendazim in albino rats.

2. Materialsand M ethods
2.1. Animalsand Treatments

Sexually mature male albino rats (Rattus norvigicus)
with initial body weight 140 = 5 g were used. Animals
were housed in metal cages (4 rats/cage) and kept in the
laboratory under constant conditions of temperature
(24°C £ 2°C) for at least one week before and throughout
the experimental work. They provided with rodent pellet
and water was available ad libitium. Animals were di-
vided into four groups:

Group 1. These animals (10 rats) served as controls
and were given corn oil additionally to their food.

Group 2: Animals of this group (25 rats) have been
orally given 0.1 ml of water contains Ginkgo biloba ex-
tract at a dose level of 40 mg/kg body weight for 3 days
weekly for 8 weeks [22]. Ginkgo biloba extract used as
Tanakan 761 (EGB) produced by Amriya for Pharma-
ceutical Industries, Egypt under license of Beaufour-
ipsen International, Paris-France.

Group 3: Animal of his group (25 rats) has been
orally given 0.1 ml of corn oil comprising 100 mg/kg
body weight carbendazim for 3 days weekly for 8 weeks
[23].

Group 4: Animals of this group (30 rats) have been
orally given carbendazim (100 mg/kg body weight), fol-
lowed by Ginkgo biloba extract (50 mg/kg) for 3 days
weekly for 8 weeks.

2.2. Tissue Processing for Histological and
Histochemical Studies

Immediately after decapitation, liver were quickly re-
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moved and fixed in alcoholic Bouin’s fluid then dehy-
drated in an ascending series of alcohol, cleared in two
changes of xylene and embedded in paraffin wax. Sec-
tions of 5 micrometers thickness were cut using rotary
microtome and mounted on clean slides. For histological
examination sections were stained with Ehrlich’s haema-
toxylin and eosin. For histochemical study specimens
were fixed in Carnoy’s fluid. Periodic acid Schiff’s reac-
tion [24] was used for demonstration of polysaccharides.
Total proteins were detected using the mercury bromo-
phenol blue method [25].

2.3. Biochemical Assays

For enzymes determination, blood samples were col-
lected from animals after 4 weeks of treatment. Sera
were obtained by centrifugation of the blood sample and
stored at —20°C until assayed for the biochemical pa-
rameters. Aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were measured colorimetrically
according to [26].

2.4, Statistical Analysis

Data were expressed as mean values £ SD and statistical
analysis was performed using one way ANOVA to assess
significant differences among treatment groups. The cri-
terion for statistical significance was set at P < 0.05. All
statistical analyses were performed using SPSS statistical
version 16 software package (SPSS® 4 Inc., USA).

3. Results
3.1. Changein Body Weight

Data in Table 1 revealed that treating animals with car-
bendazim caused significant decrease in body weight. On
the other hand, rats co-administered with G. biloba
showed an increase in their body. The percentage differ-
ences from controls were —20.7 and —9 in carbendazim
and carbendazim + G. biloba, respectively.

3.2. Histological Effect

Liver sections of control rats or rats given G. biloba ex-
tract showed normal histological structure (Figure 1(a)).

Tablel. Changein body weight in different animal group.

Treatment Group Body Weight % Change
Control 140+ 5 0
G. biloba 141+£6 7.14
Carbendazim 11+32° -20.7
Carbendazim + G. biloba 127+3.3 -9
"Significance at P < 0.05.
FNS
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Examination of liver of rats treated with carbendazim
displayed many histopathological alterations. After four
weeks from the beginning of the administration of the
fungicide, the liver tissue showed disruption of normal
cords arrangements of the hepatocytes and the intra-
hepatic blood vessels were congested (Figure 1(a)). In-
filtrations by large mass of leucocytic infilammatory

Figure 1. (a) Section of liver of a control rat showing central
vein (CV), sinusoids (S) and Kupffer cells (K); (b) Section of
liver of carbendazim-treated rat showing congested and
enlarged central vein (CG); (c) Showing mass of leucocytic
infiltrations (L), (x400).
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cells were observed (Figure 1(c)). The histopathological
changes of the liver were more pronounced in the treated
rats after 8 weeks where the hepatic cells appeared with
severe cytoplasmic vacuolization (Figure 2(a)). Fatty
infiltrations of different sized fat droplets was recorded

Figure 2. (a) Liver section of carbendazim-treated rat
showing cytoplasmic vacualization of the hepatocytes (ar-
row); (b) Specimen obtained from treated rat showing fat
droplets (arrows) of different sizes (c) Specimen obtained
from arat treated with carbendazim and G. biloba showing
an obvious degree of improvement with few leucocytic in-
filtrations, (x400).
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(Figure 2(b)). Animals treated with carbendazim and G.
biloba extract for 4 weeks revealed that some hepato
cytes showed fat droplets Examination of liver sections
after 8 weeks revealed that liver tissue restored its normal
structure and most cells displayed a certain degree of
recovery besides the appearance of few leucocytic infil-
trations (Figure 2(c)).

3.3. Histochemical Observations

Total carbohydrates appeared in the liver cells of control
animals as red or magenta colour with Schiff's reagent
and is not uniformly distributed in the cytoplasm of the
hepatocytes, but occurred concentrated at one pole of the
cells; this is termed glycogen flight (Figure 3(A)). The

Figure 3. (A) Liver section of a control rat showing distri-
bution of carbohydratesin the cytoplasm of the hepatocytes;
(B) Noticeable decrease of carbohydratesin the hepatocytes
of arat treated with carbendazim; (C) An increase of car-
bohydrates in the hepatocytes of a rat treated with carben-
dazim and G. biloba (x400).
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nuclei appeared entirely PAS-negative indicating abso-
lute lack of glycogen. Examination of sections obtained
from liver of animals treated with carbendazim exhibited
diminution in their carbohydrates content (Figure 3(B)).
An increase in total carbohydrates was observed in
hepatocytes of animals given carbendazim and G. biloba
extract (Figure 3(C)).

Total proteins contents of the liver cells of control rats
are positively reflected by the appearance of blue color
after staining with bromophenol blue. Generally, the cy-
toplasm of the hepatocytes contains excessive amount of
total proteins in the form of fine granules (Figure 4(A)).
In addition, both chromatin bodies and nucleoli exhibit-
ing are deep coloration. Kupffer cells and endothelial lining

Figure 4. (A) Normal protein content in the liver of a con-
trol rat; (B) Marked reduction of proteins following treat-
ment with carbendazim; (C) An increasein protein content
in hepatocytes of rat treated with carbendazim and G.
biloba (x400).
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cells of sinusoids give moderate reactivity with bromo-
phenol blue. Also, the walls of blood vessels exhibited
strong stainability. Treating animals with carbendazim
caused noticeable reduction in the total protein contents
in the liver cells (Figure 4(B)). Liver cells of rats treated
with carbendazim and G. biloba extract contained a
somewhat normal content of total protein (Figur e 4(C)).

3.4, Biochemical Results

Figure 5 showed that there was an elevation in ALT in
the sera of rats treated with carbendazim in comparison
with control after 8 weeks. The mean values were 38.2 +
2.6 and 62.5 £ 3.1 mg/dl in controls and carbendazim
group, respectively. Treating animals with carbendazim
and G. biloba induced significant decrease in ALT (45.3
+ 2.2) when compared with animals in carbendazim
group. AST exhibited a significant increase with mean
value 98 + 3.5 after treatment with carbendazim. When
animals treated with carbendazim and G. biloba, ALT
became significantly decreased (81 + 2.7 mg/dl) in com-
parison with animals given carbendazim (Figure 5). No
significant change was recorded in values of ALT and
AST between animals given G. biloba and their controls.

4. Discussion

Livestock are accidentally poisoned by fungicides ap-
plied to agricultural plants. The present results showed
that carbendazim caused many histopathological altera-
tions in the liver of rats. These alterations include intra-
hepatic blood vessels, leucocytic infiltrations, cytoplas-
mic vacuolization of the hepatocytes and fatty degenera-
tion. Similar findings were observed in experimental
animals exposed to carbendazim. Selmanoglu et al. 2001
[7] revealed congestion of blood vessels, increase in
number of Kupffer cells, cellular infiltration and hy-
dropic degeneration in liver of male rats treated with
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Figure 5. Change in ALT and AST in different animal
groups. Significant at P < 0.05.
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carbendazim. Muthuviveganandavel et al. 2008 [9] re-
ported that carbendazim at low doses caused portal vein
congestion, mononuclear cell infiltration and hydropic
degeneration of the liver tissue of male rats. The effect of
other fungicides on mammalian tissues was investigated.
Lamfon, 2011 [27] reported that metalaxyl induced
hepatotoxicity in albino rats. An increase in Alt and AST
was observed in sera of rats exposed to carbendazim. In
accordance with this result, Waghe et al. 2013 [28] re-
ported that carbendazim administered orally to male goat
at a daily dose of 50 mgkg ' body weight for 90 con-
secutive days resulted in increased plasma concentration
of aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), lactate dehydrogenase (LDH),
gamma-glutamyl transferase (GGT), creatinine and al-
bumin, while alkaline phosphatase (ALP) and glucose
levels were decreased. It was reported that transaminases
were considered to be a more sensitive measure in evalu-
ating liver function and damage. The elevations in serum
levels of these enzymes were mostly attributed to acute
hepatocellular damage or extrahepatic obstruction, or
both [29].

Concerning the histochemical results, carbendazim
treatment led to decrease in total carbohydrates and pro-
teins in hepatic tissue. In accordance with these results,
Mahadevaswami et al., 2001 [30] reported that mancozeb
at a dose level of 600, 700 and 800 mg/kg day induced a
significant decrease in the level of glycogen in the liver
albino rats. Shakoori et al., 1988 [31] reported that the
decrease of carbohydrates seems to be achieved through
modifying the activities of the enzymes of glycolytic
pathway, TCA cycle, glucogenesis and the oxidative
phosphorylation. Treating pregnant rats with metiram
fungicide was found to deplete glycogen and total pro-
teins [32]. Sakr et al., 2004 [33] observed reduction of
total proteins in liver of benomyl-treated rats. The au-
thors suggested that the reduction may be due to either
arrested metabolism or using it to build up new cells or
enzymes to reduce the stress.

The present results showed that treating animals with
carbendazim and G. biloba extract revealed an improve-
ment in the histopathological and liver function induced
in the liver by carbendazim. This indicated the effective-
ness of G. biloba extract in prevention of carbendazim
hepatotoxicity. Histochemical results revealed an in-
crease in carbohydrates and proteins in hepatic tissue.
These results are in agreement with Fouda et al., 2009
[34] who found that G. biloba extract improved carbo-
hydrates, total proteins and nucleic acids in liver of
gamma-irradiated rats. Sakr et al., 2011 [22] recorded an
improvement of carbohydrates and proteins in ovarian
tissues of rats treated with topsin and G. biloba extract. Ji
et al. 2009 [35] reported that EGB prevented glucose-
induced accumulation of extracellular matrix by lowering
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the levels of transforming growth factor beta 1, insulin
like growth factor 1 and connective tissue growth factor
of high glucose. Tang et al., 2009 [36] concluded that Gb
extract has a protective effect against glomeruloscleroses
in diabetic nephropathy of mesangial cells due to the
ability of reduction of collagen IV, laminin and mRNA
levels. A time dependent induction of hepatic Cyto-
chrome P450 (CYP) enzyme activity and protein expres-
sion was observed after a single dose of 30 mg/kg bilob-
alide in rats by Taki et al., 2009 [37].

The protective role of G. biloba extract against various
liver diseases was investigated. Shenoy et al., 2001[38]
reported that G. biloba pretreatment exhibited histopa-
thological and biochemical protections against ccl4-in-
duced hepatotoxicity in Wistar male rats and suggested
that the probable mechanism of G. biloba action is by
protection against oxidative damage produced by ccl4.
Liu et al. 2006 [39] demonstrated that the histopa-
thological score of fibrosis and liver function were sig-
nificantly improved in rats treated with ccl4 plus G.
biloba extract, compared with those treated with ccl4
only. Zhang et al. 2008 [40] reported that G. biloba ex-
tract EGb 761 alleviates hepatic fibrosis and sinusoidal
microcirculation disturbance in patients with chronic
hepatitis B. Al-Attar, 2012 [21] showed that G. biloba
leaves extract has a potential activity against thio-
acetamide-induced liver fibrosis and suggested that the
chemical constituents of G. biloba are effective in
modulation of oxidative stress induced by thioacetamide.

It is concluded from this work that carbendazim may
induce oxidative stress and result in hepatotoxicity in
albino rats. G. biloba extract EGb 761 was found to
scavenge free radicals and reactive oxygen species, in-
hibit lipid peroxidation and lower malondialdehyde lev-
els [41]. Thus, EGb 761 may remove free radicals and
protect hepatic cells against oxidative stress induced by
carbendazim.
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