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Abstract: The aim of this study is to investigate the hepatoprotective effect of ginger extract
in different doses against hepatotoxicity caused by carbofuran in male wistar rats from the
histological and biochemical aspects. Twenty five male rats were divided into five groups,
each representing as A: control negative (normal saline), B: control positive (0.8mg of
carbofuran 10%), C: first experimental dose (0.8mg of carbofuran ang 500mg of ginger
extract), D: second experimental dose (0.8mg of carbofuran (10%) and 750mg of ginger
extract), E: third experimental dose (0.8mg of carbofuran and 1000mg of ginger extract).
Study duration was one month. Liver specimen were examined by light microscope and the
serum from all groups were examined by spectrophotometry. Resulted in a significant
reduction in the levels of alanine aminotransferase (ALT) enzymes in comparison with the
carbofuran treated animals; ginger extract also improves the histological changes produced by
carbofuran in the liver tissues. The present study indicated that ginger had protective effect
against liver damage induced by carbofuran and this is caused by antioxidant activities.
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Introduction

Carbofuran (2, 3-dihydro -2.2-dimethyl-7- benzofuranyl methylcarbamate) generally called Furadan is
a broad-spectrum carbamate pesticides that kill insects, mites and nematodes on contact or after
ingestion'.Carbofuran is most commonly used in agriculture today”. It has high toxicity by inhalation and
ingestion, moderate toxicity by dermal absorption'. Some workers have speculated in reactive oxygen species
(ROS) production that induced by carbofuran may have role inhibition of cytochrome ¢ oxidase and creatine
kinase®. Also, the carbofuran induced nitric oxide synthase activity has been implicated in the overproduction of
superoxide anions®. Carbofuran can increased lipid peroxidation level, decreased GSH contents and antioxidant
enzymes activity in the liver”.

Liver is the main organ that has function to metabolite biological toxin and medicinal agent. Hence,
metabolism is always associated with the interference of hepatocyte biochemistry and ROS production. ROSs
are involved in liver damage’, some studies have been reported that carbofuran induced liver tissue damage and
alanine transaminase (ALT) serum elevation® .
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Herbal medicine is commonly used for various clinical diseases. Plant extract that have natural
antioxidants against chemically induced toxicities is got more attention®.Ginger is one of the world’s best
known spices, belongs to Zingiberaceae family. It has also been universally used throughout history for its
health benefits’. It contains many medicinal properties and widely used for treating the disease such as cold,
headaches, nausea, stomach upset, diarrhea, digestive, gastrointestinal disorders, rheumatic complaints,
diarrhea, nausea, asthma, parasitic infections, arthritis and muscular discomfort".

The main component of ginger are volatile oil, phenolic derivatives (zingerone) and oleoresin
(gingerols and shogaols) which have antioxidant effect. It can scavenge superoxide anion and hydroxyl radicals.
Z. officinale can inhibit the activity of lipoxygenase and peroxydase. Barakat and Mohamed (2011)"" showed
the potency of ginger for protecting liver against oxidative stress and hepatocellular injury that follows a supra
therapeutic dose of acetaminophen'”. In addition, it has been shown that this plant has a number of analeptic
properties as an antioxidant, anti-lipidemic, antihyperglycemic, anti-inflammatory and anti-cancer agent. This
medicinal herb is excellent for oral therapy as it is effective, non-toxic and without serious side effects'’.

So far, there is no information exists concerning the beneficial effects of ginger extract against
carbofuran-induced toxic effect on the liver. Hence, the present study has been undertaken to evaluate the
possible ameliorative effect of ethanolic ginger extract on liver of carbofuran-induced rats.

Experimental

Chemical

Carbofuran; Furadan 10% [2, 3-dihydro -2, 2-dimethyl-7-benzofuranyl methyl carbamate]. Were
obtained from pharmacology laboratory, Faculty of medicine, Brawijaya University, Malang, Indonesia

Experimental design

Healthy, adult male Wistar albino rats weighing 100-150 g, aged 2-3 months were used in this study.
The animals were provided by the pharmacological laboratory in the medical faculty of Brawijaya University in
Malang, divided into five groups as A, B, C, D and E each comprising of five animals, had free access to a
standard commercial diet, water and were kept in rooms maintained at 25 + 1°C. Five animals of each subgroup
were kept in one cage and treated for 30 days. Animals of group A (control -ve) were given normal saline
orally. Group B (control +ve) were administered 0.8 mg/kg bw of carbofuran. The experimental animals of
group C were administered combination of 0.8 mg/kg bw of carbofuran with 500mg/kg bw of ginger ethanolic
extract, group D were administered combination of 0.8 mg/kg bw of carbofuran with 750mg/kg bw of ginger
ethanolic extract and group D were administered combination of 0.8 mg/kg bw of carbofuran with 1000mg/kg
bw of ginger ethanolic extract.

Extraction of plant material

Ginger (Z. officinale Roscoe) rhizomes were provide by Dinas Kesehatan Propinsi Jawa Timur-Materia
Medica Batu City-East Jawa Timur Indonesia. One kilogram fresh ginger rhizome was cleaned, washed under
running tap water, cut into pieces, air dried and powdered 100g of powder were macerated in 1000ml ethanol
for 12 h at room temperature and then filtered through 5 um filter to obtain the final extract. The concentrations
of the ginger extract are 500mg/ml, 750mg/ml and 1000mg/ml. Each animal in the present study was given 1ml
of the final ginger ethanolic extract orally'*.

Blood sampling

The blood from each animal was collected into a clean centrifuge tube. The blood left to coagulate and
was centrifuged at 3000 rpm for 30 minutes to separate the serum. The separated serum was stored at -20°C for
subsequent biochemical and enzyme analyses.

Alanine aminotransferase Serum Measurement

Colorimetric Determination of Alanine Transaminase activity. The EnzyChromTM ALT Assay Kit
(Cat# EALT-100) were purchased from Bioassay Systems, Place, Hayward California USA. It was used for the
determination of serum ALT following to the analytical protocol supplied by the kit manufacturer.

Histopathological Examination Method of the Liver

Liver samples were processed histologically for paraffin sections of Sum thickness were cut. Slides
were stained with haematoxylin and eosin for histological examination. Liver specimens were evaluated using
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light microscope (Nikon Eclipse Ci equipped with Digital Camera Optilab plus 12 Megapixel),
Histopathological method for examination in liver used Histology Activity Index (HAI)". Histopathological
examination field divided two field of view, area 1 and area 2. Area 1 consist of zone 3 (around vena
centralis/centrolobularis), have two parameters: confluent necrosis and Focal (spotty) lytic necrosis, apoptosis
and focal inflammation and area 2 consist perilobular zone and lobular zone have three parameters: Periportal
or periseptal interface hepatitis (piecemeal necrosis), Portal inflammation and Ishak Stage. Each area was
observed with five field of view with magnification 400x. Where one slide per animal total 25 slides. Grading
and staging (HAI) with different area.

Result from every field of view grading and staging (HAI) inserted in formula:

[Sc:m'& HAlLin field of view 1%--Score HALin field of wview N]

Mean of HAI : Numb.er fiald of viaw sxaminad
Where: N= Number of field of view

Ishak score for each sample group obtained from formula below:

Ishak Score : = —[AJ'ETJ'ME]

Where: A. Confluent necrosis

B. Focal (spotty) lytic necrosis, apoptosis and focal inflammation
C. Periportal or periseptal interface hepatitis (piecemeal necrosis)
D. Portal inflammation

E. Ishak Stage

4 = Number HAI

Statistical analysis

Data analysis of histopathological examination of liver was conducted using Mann— Whitney U-test for
histopathological scores were used to analyze the significance of differences among groups. The differences
were accepted as statistically significant when P < 0.05.

Data analysis of Alanine aminotransferase was conducted using one way ANOVA statistic. Data
analysis is done at the trusted rate 95 % (a = 0.05) and probability rate of (p=0.05).

Results

Effect of different Doses of Ginger ethanolic extract on liver histopathology in carbofuran-induced rats.

A Histopathology of the liver observed by light microscopic examination. Area 1 Centrilobularis area
(Zone 3) from each group.
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Figure 1. Histopathological Changes in rat’s Liver (Area 1).Centrilobularis area (Zone 3) from all groups
(H.E stain, 400x).
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Description: blue arrow=necrotic hepatocyte green arrow= inflammatory cell (mononuclear) and red arrow =
fibroblast cell VC=Vena centralis.

Group A (control —ve) showed absence necrotic hepatocyte, but showed mild infiltration inflammation cell and
fibroblast cell in sinusoid and on the edge vena centralis. Group B showed necrotic hepatocyte with massive
severe inflammation cell infiltration around vena centralis, and sinusoid. Group C showed moderate necrotic
hepatocyte with mild inflammation cell infiltration and fibroblast cell. Group D showed mild necrotic
hepatocyte with mild inflammation cell infiltration and fibroblast cell around vena centralis. Group E showed
mild necrotic hepatocyte with mild inflammation cell infiltration around vena centralis and fibroblast cell at
sinusoid.

B. Histopathology of the liver observed by light microscopic examination. (Area 2 (Lobularis area) form
all groups).
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Figure 2. Histopathological Changes in rat’s liver (Area 2). Lobularis area from all groups (H.E stain,
400x).

Description: green arrow = inflammatory cell (mononuclear) and red arrow = fibroblast cell BV=Blood Vessel,
LV=Lymphatic Vessel.

Group A (Control —ve) showed mild infiltration inflammation cell and fibroblast cell around portal triad.
Group B (control +ve) showed severe (massive) infiltration inflammation cell and fibroblast cell around portal
triad. Group C And Group D showed mild infiltration inflammation cell and fibroblast cell around portal triad,
Group E showed very mild infiltration inflammation cell and fibroblast cell around portal triad.
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C. The histopathological scoring of liver sections from each group

Table 1. Mean of histology Activity Index (HAI) (ishak Score) from each group

Groups Ishak Score Mean
Area l Area 2
Confluent Portal Periportal or  Focal (spotty)  Ishak
necrosis  inflammation periseptal lytic necrosis, Stage
interface apoptosis and
hepatitis focal
(piecemeal inflammation
necrosis)
Group 1 1,2 1,2 1,6 1,6 1,6 1,44
A 2 1 1,8 1,6 1 1 1,28
3 1 1,4 1,2 1,6 1 1,24
4 2 1,4 1,6 1 1,2 1,44
5 2 1,4 1,4 1,4 1,6 1,56
Mean 1,392
Group 1 2,4 2 1,6 2 2 2
B 2 2 1,2 2 2 2 1,84
3 1,8 1,8 2 2 2,2 1,96
4 1,8 1,2 1,4 1,4 2,2 1,6
5 2,6 1,8 3 2 3 2,48
1,976
Group 1 1,8 1,6 1,2 1,6 1,6 1,56
C 2 1,6 1,2 1,6 1,2 1,4 1,4
3 1,2 1,4 1,8 2 2 1,68
4 1,6 1,2 1,2 1,2 1,8 1,4
5 2,6 1,6 2,4 1,6 2,4 2,12
Mean 1,632
Group 1 1,4 1,4 1,4 1,4 2 1,52
D 2 2 1,4 2 0,6 2 1,6
3 1,6 1,6 2 2 2,4 1,92
4 2 2 0,8 0 2 1,36
5 1,6 1,2 1,4 1,4 2 1,52
Mean 1,584
Group 1 1,6 1,6 1,8 1 2 1,6
E 2 1,8 1,8 1,8 1 1,6 1,6
3 1,2 1 2 2 2,2 1,68
4 1,2 0,8 1 2 2,2 1,44
5 1,4 1 1,2 1,2 1,2 1,2
Mean 1,504

893

Table 1 describe about Mean of histology Activity Index (HAI) (ishak Score) for each group which
shows that the ginger extract at a dose of group E (1000 mg) can lower mean of (ishak Score) to the average of
the lowest rather than the provision of Ginger extract at a lower dose is group D (750 mg), so doses of 1000 mg
was more effective in lowering mean (ishak Score) than the dose of 750 mg. However, the provision of ginger
extract at a dose of 750 mg can reduce the average mean of (ishak Score) better than a dose of group C (500 mg
, so a dose of 750 mg was more effective in lowering mean of (Ishak score) than a dose of 500 mg . The average
of (ishak Score) in granting ginger extract at a dose of 500 mg was more effective in lowering mean of (ishak
Score) rather than the group B positive control group
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Table 2. Result histopathological scoring of liver sections from each group

Score Group Comparative group Significance

Ishak Score Group 1 Group 2 0.009"
Group 3 0.206

Group 4 0.115

Group 5 0.243

Group 2 Group 3 0.116

Group 4 0.036*

Group 5 0.026*

Group 3 Group 4 0.753

Group 5 0.833

Group 4 Group 5 0.916

**Significance at p<0.01 and *Significance at p<0.05

From table 2 result of analysis of Histology Activity Index (HAI) of histopathology changes of liver.
The histopathological scoring of liver sections from all groups through a Mann-whitney test, we obtained the
following results:

Group A Control -ve with normal saline was significantly differing compared to group B: Control +ve
carbofuran with dose 0.8mg (p< 0.01).

Concurrent treatment with carbofuran and ginger significantly attenuated the extent and severity of the
histological features of liver damage induced by carbofuran alone.

Confluent necrosis, Portal inflammation, Periportal or periseptal interface hepatitis (piecemeal
necrosis), Portal inflammation and Ishak Stage) scores in the liver sections from carbofuran treated rats group B
were significantly reduced in rats treated with ginger and carbofuran group E , D

(p<0.05).

Effect of different Doses of Ginger ethanolic extract on liver histopathology in carbofuran induced rats.

100 4

90 |

80 | [

70 [
60 | ‘

50 | \
40 | b
30 [
20

10 - al

A B C D E

Groups

ALT Activity (ulL]
S

Figure 3. Bar Graph of mean of Alanine aminotransferase in serum for each group

Figure 3 shows the difference in dose of ginger extract influence or different effects on ALT serum.
The presence of the effect of ginger extract is starting to look when the concentration of ALT serum levels in
carbofuran-induced rats becomes lower, after the treatment was given in the form of ginger extract started at a
dose of 500 mg (group C), compared with ALT serum in the (group B) positive control group. Then the ALT
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serum decreased at higher dosage. Thus, based on the assessment descriptively according to the mean ALT
serum is, it can be said that the administration of treatment in the form of ginger extract at a dose of 500 mg
(group C), 750 mg (group D) and 1000 mg (group E) showed different influences, where the higher dose of
ginger extract provided will further lowering the ALT serum.

Based on the results of analysis of variance for ALT serum data, showed a significance value of 0.000
(p < 0.05), and it can be concluded that there are differences in ALT serum data in each treatment group of
ginger extract.

Discussion

The present study was carried out to determine the protective effect of the orally administered aqueous
ginger extract against hepatotoxicity and liver histopathology change induced by carbofuran in adult male
wistar rats. In this research we found that on liver histopathology in the group E treated has highest rate of
effect compared to other groups, followed by group D and group C. This indicates that the ginger extract at high
dose led to decrease liver histopathology change, increasing the ginger extract doses will reduce the
histopathology changes on liver. Even though the highest doses of ginger extract, gives the best effect on
decreasing liver changes, it showed the mildest necrotic hepatocyte with mild inflammation cell infiltration
around vena centralis and fibroblast cell at sinusoid and around portal triad. This condition may related to the
bioactive of molecules of ginger like gingerols that shown has antioxidant activity in various modules'.
Antioxidant are formed to protect the cells and organ systems of the body against reactive oxygen species thus
preventing them from causing damage'. In addition to antioxidant effects, ginger may also exert its
hepatoprotective effect by means in different ways. For example in the mechanism of carbofuran toxicity it was
shown that carbofuran induces liver cells damage. Carbofuran disturb antioxidant balance leading to oxidative
stress. Mitochondria are the major cellular sources of ROS and key contributors to many diseases. Almost all
intracellular ATP is known to be generated in the mitochondria and about one-third of the cellular adenine
nucleotides are located in this organelle. Therefore, chemicals causing mitochondrial dysfunction may deplete
ATP, leading to excessive generation of ROS. accumulation of oxidative damage to mitochondria in brain may
lead to neural and cognitive dysfunction. Recent studies have shown that mitochondrial-formed oxidants are
mediator of molecular signaling and implicated in mitochondrial-dependent apoptosis. In a previous
investigation, the role of mitochondrial dysfunction and oxidative stress in causing carbofuran is correlated with
the change at the biochemical level'®. carbofuran is liphophilic in nature, its chronic exposure is reported to be
responsible for oxidative injury leading to perturbations in membrane structure and functions'’. Some workers
have speculated that the enhancement in the generation of reactive oxygen species by carbofuran may be due to
the inhibition of cytochrome ¢ oxidase and creatine kinase®. Also, the carbofuran induced nitric oxide synthase
activity has been implicated in the overproduction of superoxide anions®. Indicate that the carbofuran induces
oxidative stress as evidenced by increased levels of lipid peroxidation and decreased GSH contents, and
lowered activities of antioxidant enzymes®.when lipid peroxidation occurs, changes in cellular membrane
permeability and even membrane leakage can be manifested”.

ROS are involved in liver damage’ Results obtained in the present study indicated that carbofuran
induced many histological alterations in liver tissue and elevate transaminases serum. This result has been
supported by previous studies® ’. However, by giving ginger extract that contain antioxidant could neutralize
free radical as a result liver damage can be prevented®'. This result has been supported by previous study which
showed the protective effects of ginger extract or its constituents, through their antioxidant properties and
improve the hepatic dysfunctions and hepatic damage that induced by hepatotoxicants, CCl4 , acetaminophen,
cisplatin and adriamycin’*"******_ Ginger treatment has potency for hepatoprotective effect, by enhancing the
activity of antioxidant enzyme, SOD, and diminished amount of lipid peroxidation against the carbofuran-
induced hepatotoxicity in rats. Ginger was scavenging free radical by its potent antioxidant. Ginger-free
phenolic and ginger hydrolysed phenolic fractions exhibited free radical scavenging, lipid peroxidation
inhibition, DNA protection and reducing power abilities indicating strong antioxidant properties®. Ginger
ameliorated cisplatin-induced nerphrotoxicity and this protection is mediated either by preventing the cispaltin
induced decline of renal antioxidant defense system or by their direct free radical scavenging activity™.

Transaminases are the most sensitive biomarkers directly implicated in the extent of cellular damage
and toxicity because they are cytoplasmic in location and are released into the circulation after cellular
damage®®. Elevation of the serum levels of the hepatic enzymes are the indicators for impaired liver functions®’.
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To know further the effect of ginger extract in concentration of Alanine aminotransaminase (ALT)
which can be used in the assessment of liver function we used spectrophotometry.

We found the result that the difference in dose of ginger extract influences on ALT serum. The
existence of the effect of ginger extract is starting to look where the concentration of ALT serum levels in rats
induced carbofuran becomes lower, after the treatment was given in the form of ginger extract started at a dose
of 500 mg, compared with ALT serum in the group B. Then the ALT serum decreased when given higher
doses. Thus, based on the assessment descriptively according to the mean ALT serum is, it can be said that the
administration of treatment in the form of ginger extract at a dose of 500 mg, 750 mg and 1000 mg showed
different influences, where the higher dose of ginger extract provided will further lowering the ALT serum.
The result of this spectrophotometry supported the result of the histopathology of liver And these may be
attributed to ginger components which may stabilize hepatocytes plasma membrane and prevent delivery of
ALT to the extracellular fluid®”’.Ginger can serve as an Antioxidants by significantly reduces the extent of lipid
peroxidation and improves plasma antioxidant capacity®*.

Conclusion

The present results provide in vivo evidence of direct hepatotoxicity caused by carbofuran.
Histopathological evaluations showed that ginger protects and reduces the damage caused by carbofuran in the
liver and also decrease Alanine aminotransferase concentration. The protective properties of ginger and the fact
that ginger has been used by humans in food, makes it a potential therapy for carbofuran induced hepatic
toxicity. The results can further suggest the possible use of ginger against oxidative stress induced organ
toxicities.
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