The possible protective role of 6-gingerol on a model of hepatic
injury induced by carbon tetrachloride in adult male albino rats:
Histological and immunohistochemical study
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ABSTRACT

Introduction: Carbon tetrachloride (CCL)) is a potent environmental hepatotoxin that was commonly used in industrial
applications. The main active component in ginger is 6-gingerol which is responsible for many of its medicinal properties.
Aim of the work: To assess the possible protective role of orally administered 6-gingerol on a model of hepatic injury induced
by CCL, in adult male albino rats.

Materials and Methods: Thirty adult male albino rats were used in this study and were divided into three groups. Group
I: control group which was further subdivided into three subgroups, group II: received intraperitoneal injection of CCL,
twice / week for two weeks. Group III: received oral 6-gingerol daily five days before the injection of CCL, -as in group II- and
continued till the end of experiment. After two weeks from last injection of CCL,. All rats were sacrificed; the right lobe of the
liver was taken and processed. Sections stained by H&E, Mallory s trichrome stain and immunostaining for TNF-o and PCNA
were prepared. Morphometric and statistical analysis were also performed.

Results: Liver of group II showed hepatocytes with vacuolated cytoplasm and congested hepatic sinusoids. Congested portal
veins and dilated bile ducts were also seen at portal tract areas. Increased collagen fibers at the portal tract areas were seen by
Mallory's trichrome. Increased intensity of positive immune reaction for TNF-a and PCNA was also observed in this group.
In group III the liver showed picture nearly similar to that of the control. Morphometric and statistical analysis confirmed the
histological and immunohistochemical results.

Conclusions: The present work concluded that 6-gingerol could provide a good protection of the liver in a model of hepatic
injury induced by CCL,.
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INTRODUCTION of patients in West use complementary and alternative
Medicine on regular basis”. Ginger (underground

Liver is the key organ in metabolism, detoxification, rhizomes of Zingiber officinale) is a famous spice which
and secretory functions in the body!l. Liver dysfunction was used for centuries as a medicinal plant in different
has increased for the past few decades due to increased traditional medicine!™. Ginger is widely used especially
exposure to toxic chemicals, various drugs and to in Asia, and it contains several bioactive constituents and
environmental pollutantst?. The liver deals with most of the possesses health promoting properties®. The main active
chemicals entering the body so, it is at high risk of damage. component in ginger is 6-gingerol which is responsible
Hepatocytes are the main functional cells of the liver and for many of its medicinal properties. It is also responsible
constitute 60 ~ 80% of the mass of the liver tissuel*. for its distinctive flavor®. Gingerol is very effective

in alleviating symptoms of gastrointestinal illness. For
centuries, it was an important ingredient in herbal medicine
in treatment of rheumatism, gingivitis, toothache, asthma,
stroke, vomiting and diabetes!".

Carbon tetrachloride (CCL,) is a potent environmental
hepatotoxin that was earlier commonly used in industrial
applications*l. Occupational exposure to CCL, may
occur in the chemical industry, in laboratories, and during
degreasing operations, through inhalation, ingestion, or Tumor necrotizing factor alpha (TNF-a) is a
dermal contact®. proinflammatory cytokine. It is produced by inflammatory
cells like monocytes, macrophages, and neutrophils.
It stimulates cytokine secretion and augments the
inflammatory response in turnt'2.

Herbal medicines are increasingly used worldwide with
increased use of complementary and alternative therapies
by patients with liver disease!®. Between 20% and 65%
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Proliferating cell nuclear antigen (PCNA) known
also as cyclin, is a non-histone nuclear protein whose
level of synthesis correlates directly with rates of cellular
proliferation and DNA repair and synthesist'®!.

AIM OF THE WORK

In the present study, we shed a focus on the possible
protective role of 6-gingerol in hepatic injury induced by
CCL4 in adult male albino rats.

MATERIALS AND METHODS

Animals and diet

Thirty adult male albino rats weighing 180-200 gm were
purchased from the Medical Research Center in Ain Shams
University. The rats were housed in wire mesh cages under
standard experimental conditions. They had free access to
water and a standard diet. Animals were kept for one week
before the beginning of the experiment for acclimatization.
All animal procedures were carried out according to the
guidelines of animal care and the ethical committee of the
faculty of Medicine, Ain Shams University.

Drugs and chemicals

Carbon tetrachloride is a colorless liquid. It was
obtained from Al-Gomhoria Cooperation (Cairo, Egypt)
in a 100% concentration. It was dissolved in olive oil at a
dilution of 1:1 ratio.

Tween 80 (0.5%) was purchased from Sigma Chemical
Co. (St. Louis, MO, USA). All other chemicals and solvents
were of highest grade and commercially available.

Six gingerol was isolated and prepared from Zingiber
officinale!' in the Department of Pharmacology and
Therapeutics Faculty of Medicine Ain Shams University.
Five drops of 0.5% tween 80 were put on one gram of
6-gingerol then it was dissolved in one liter distilled water,
so that one ml distilled water has 1mg 6-gingerol.

Experimental protocol.
Animals were randomly divided into three groups:

Group I: (Control group): This group comprised 18 rats
that were further subdivided into three subgroups six rats
each:

Subgroup Ia: served as untreated control group.

Subgroup Ib: received 1ml of 0.5 % tween 80 in
distilled water daily by gastric gavage from the first day
till the end of experiment. At day five they received IP
injection of Iml/Kg olive oil twice weekly for two weeks.
Olive oil was the solvent for CCL, while tween 80 was the
solvent of 6-gingerol.

Subgroup Ic: (6-gingerol group): received 6-gingerol
by gastric gavage at a dose of 10 mg/kg daily from the first
day till the end of experiment!'*.

Group II: (CCL, group): included six rats that received
IP injections of CCL, (1 ml/kg body weight, dissolved 1:1
in olive oil) twice weekly for two weeks!'®l.

Group III: (6-gingerol pre-treated group): included six
rats that were pretreated with 6-gingerol. It was given daily
to rats by gastric gavage at a dose of 10 mg/kg starting five
days!"*l before the IP injection of CCL, as in group II and
continued till the end of experiment.

Sample Collection:

After the last injection with CCL,, a period of two
weeks was permitted then all rats were sacrificed after
overnight fasting (12 hours).

At the end of the experiment, all rats were sacrificed by
cervical dislocation under thiopental sodium phosphate at a
dose of 40 mg/kg body weight intraperitoneally calculated
according to Paget and Barnes equation!'”). The liver was
dissected through an abdominal incision. The right lobe
from each specimen was processed for the following
studies.

Histological and immunohistochemical studies'®!
Preparation of paraffin sections
Each specimen was fixed in 10% formol saline,
dehydrated, cleared, and paraffin sections were prepared
as usual and were subjected to staining with the following:
(I) Histological stains:
H&E. and Mallory's trichrome stain.
(IT) Immunohistochemical stains:

Avidin—biotin immunohistochemical

TNF-o and PCNA.

staining  for

Immunohistochmeical techniques:

The kit of TNF-a was supplied from R&D Systems
(Minneapolis, Minnesota, USA). Catalog number #
MABS510R. The kit for PCNA was supplied by Santa Cruz
biotechnology Dallas Texas USA Catalog number: PCNA
Antibody (F-2): sc-25280.

Avidin—biotin immunohistochemical
staining technique

peroxidase

Paraffin sections were put on positively charged glass
slides. Then sections were deparaffinized, hydrated, and
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then put in 10% H,O, to block endogenous peroxidase
activity. Unmasking of antigenic sites was carried out by
transferring the sections into a jar containing 0.001 M
citrate buffer (pH 6) and then boiling in a microwave for
four minutes at temperature grade VIII, followed by two
minutes at grade II. Incubation with 1/100 normal rabbit
serum for 20 minutes was carried out to block nonspecific
background staining. The diluted goat anti rat primary
antibody was then added on the slides and kept for two
hours. The slides were then washed with phosphate buffer
saline (PBS), and 1/400 biotinylated rabbit antigoat I1gG
secondary antibody was then added to the slides and kept
for one hour. Streptavidin peroxidase was then added to
bind with biotin residue on the linking antibody for 10
minutes, and then washed with PBS. The site of antibody
immunostaining was visualized using the avidin—biotin
peroxidase complex (ABC reagent) for 30 minutes. Freshly
prepared diaminobenzidine was used as chromogen. The
sections were incubated with diaminobenzidine for 10
minutes and then washed with tap water, dehydrated, and
mounted. For negative control, the primary antibody was
replaced with PBS. Haematoxylin was used as counter
stain.

Results for TNF- o immunohistochmeical technique:
(1) TNF-a was seen as brown cytoplasmic reaction.

(2) No reaction for TNF-o was detected in negative
control run.

(3) Positive control was supplied by santa cruz
biotechnology as an image for inflamed dermis of the skin.

Results for PCNA immunohistochmeical technique:
(1) Positive nuclear reaction appeared brown.

(2) No reaction for PCNA was detected in negative
control run.

(3) Positive control was supplied by santa cruz
biotechnology as an image for keratinocytes of epidermis
of the skin.

Morphometric and statistical study:

An image analyzer Leica Q win V.3 program installed
on a computer in the Department of Histology and cell
biology, Faculty of Medicine, Ain Shams University, was
used. The computer was connected to a Leica DM2500
microscope (Wetzlar, Germany). Five different non
overlapping fields from five different sections of different
rats were examined in each group (N=6) for measuring
each of the following:

1. Mean area percentage of collagen fibers stained
by Mallory's trichrome.

2. Mean area percentage for positive immune
reaction of TNF-a.

3. Mean area percentage for positive immune
reaction of PCNA.

4.  Mean number of nuclei with positive immune
reaction of PCNA.

All measurements were taken at medium-power fields
of magnification objective lens (x20).

All values were presented as mean =+ standard deviation
(SD). All data were collected, revised, and subjected to
statistical analysis using one-way analysis of variance
performed using SPSS.21 program (IBM Inc., Chicago,
Illinois, USA). The calculations were considered significant
if P <0.051.

RESULTS

General appearance:

Carbon tetrachloride-treated rats were obviously
ill and unable to move readily, with fur raised, scruffy
coupled with apparent weight loss and decreased food
intake. These rats also had red exudates around the
nose and eyes, soft stool and enlargement of abdomen.
Rats exposed to ginger alone appeared healthy in all
aspects. All rats in the ginger plus CCL, combination
treatment group appeared healthy with minimal signs
and symptoms of illness.

Histological results:

Examination of H&E stained sections of control
group (subgroups Ia, Ib and Ic) showed the same
findings. They revealed the usual appearance of liver
sections. The parenchyma of the liver showed branching
and anastomosing cords of liver cells with central vein
at the center and portal tract arcas at the periphery
(Fig. 1). Hepatic sinusoids were seen in between the
cords of hepatocytes. The sinusoids were lined by flat
endothelial cells. The hepatocytes were seen polygonal in
shape with acidophilic cytoplasm containing basophilic
granules and central vesicular rounded nuclei. Some
hepatocytes contained two nuclei (Fig. 2). The portal
tract areas showed branches of portal vein, hepatic artery,
bile duct and lymphatic vessels. These structures were
supported by minimal connective tissue (Fig. 3). In rats
treated with CCL,, examination of H&E stained sections
showed disturbed radial arrangement of the hepatocytes.
Hepatocytes showed vacuolated cytoplasm (Figs. 4 & 5).
Hepatic sinusoids were seen obliterated in some sections
(Fig.5) and appeared congested in others. Central veins
were also seen congested (Fig. 6). At portal tract areas,
mononuclear cellular infiltration was frequently noticed
(Fig. 7) and bile ducts were seen dilated (Figs: 7 & 8).
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Proliferation of bile ducts was also frequently seen at the
periphery of hepatic lobules (Fig. 8).

In rats given 6-gingerol with CCL,, examination
of H&E stained sections showed hepatocytes arranged
in branching and anastomosing cords with acidophilic
cytoplasm vesicular nuclei and some were binucleated.
Few hepatocytes had vacuolated cytoplasm (Fig. 9). The
portal tract areas showed picture similar to that of the
control group. Moderate branching of bile ducts were
seen at portal tract (Fig. 10).

In Mallory's trichrome stained sections of the control
group, the apparent few bluish stained collagen fibers
were seen around the central vein and at portal tract
areas (Fig. 11). While in CCL, treated rats, there was
an apparent increase in the collagen fibers at the portal
tract areas and around central veins (Fig. 12). In rats
given 6-gingerol with CCL,, an apparent decrease in the
collagen fibers especially at the portal tract areas was
noticed in comparison to the group II (Fig. 13).

In the control group, negative immune reaction for
TNF-o was noticed (Fig. 14). While, in CCL, treated
rats, apparently dense immune reaction for TNF-a was
noticed in cytoplasm of hepatocytes (Fig. 15), and in rats
given 6-gingerol with CCL,, negative immune reaction
was noticed in the cytoplasm of hepatocytes (Fig. 16).

In the control group, few faint PCNA positive nuclei
were seen in the hepatocytes (Fig. 17). In CCL, group,
most of hepatocytes had nuclei with intense positive
PCNA immune reaction (Fig. 18). Positive immune
reaction for PCNA was also noticed at the portal tract
areas in nuclei of cells lining proliferating bile ducts
(Fig. 19). While in rats given 6-gingerol with CCL,,
an apparent reduction in the number of PCNA positive
nuclei were noticed compared with sections from rats of
group II (Fig. 20).

Morphometric and statistical results:

There was a significant increase in the mean area
percentage of collagen fibers, and the mean area
percentage of TNF-o and PCNA positive immune
reaction, in group II compared to subgroups Ia, Ib, Ic and
group III. Non significant changes were noticed in group
IIT in all measured parameters compared to subgroups
Ia, Ib and Ic, while a significant decrease was noticed
compared to group II (table 1, histogram 1).

There was a significant increase in the mean
number of PCNA positive nuclei in group II compared
to subgroups Ia, Ib, Ic and group III. Non significant
change was noticed in group III compared to subgroups
Ia, Ib and Ic, while a significant decrease was noticed
compared to group II (table 1, histogram 2).

Table 1: showing the comparison between different groups as regard mean area percentage of collagen fibers, TNF-o and PCNA immune

reaction and the mean number of PCNA positive nuclei:

Mean area percentage Mean area percentage Mean area percentage Mean number of PCNA
of collagen fibers of TNF-a of PCNA positive nuclei
Subgroup Ia 5.917+0.76 0.783+0.37 2.91+0.584 54+1.5
Subgroup Ib 6.017+0.682 0.750+0.359 2.867+0.562 55.542.36
Subgroup Ic 5.967+0.66 0.583+0.450 2.88+0.406 5542.16
Group II 17.3+0.825* 23.833+£2.115% 7.08+0.669* 133+ 6.7 *
Group IIT 6+0.816# 2.2+0.554# 3.314+0.234# 68.8+2.5#
* Significant change in comparison to other groups P < 0.05
# Non significant change in comparison to subgroups Ia, Ib and Ic P>0.05
25 140
0 120
100
15
80
10 -
5 40 -
20
0
Subgroup la Subgroup Ib Subgroup ko Group Il Group Il 0
| BAreak collagen  WArea% TNFa  Area PCNA subgroupla  subgrouplb subgrouplc  groupll group Il

Histogram 1: showing the mean area percentage of collagen
fibers, TNF-a. and PCNA immune reaction in different groups
(medium power x20):

Histogram 2: showing the mean number of cells showed positive
immune reaction to PCNA in different groups (medium power
x20):
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Fig. 1: showing the general appearance of the classic hepatic
lobules which are seen traversed by central vein (*) and Fig. 4: showing most of hepatocytes with vacuolated cytoplasm

peripherally situated portal tracts (P). Subgroup Ia (H&E X 100). ?). Group IT (H&E X100).

Fig. 2: Cords of hepatocytes are seen radiating from the centrally
loc.ated central vein (CV). These cords are arranged in branching

and anastomosing pattern. Hepatocytes appear polygonal in Fig. 5: showing disturbed radial arrangement of hepatic cords.
Vacuolated hepatocytes are seen (V). Notice obliterated blood
sinusoids (1). Group II (H&E X640).

shape with acidophilic cytoplasm containing basophilic granules
and central, rounded, vesicular nuclei. Binucleated cells (1) are
also seen. In-between the hepatic cords, blood sinusoids (S)
are seen as slit like spaces lined by flat endothelial cells (A).

Subgroup Ib (H&E X 640).

‘ - : Fig. 6: showing dilated congested central vein (CV). Hepatocytes
Fig. 3: showing the portal area and the surrounding hepatocytes. & £ & (CV). Hepatoeyt

The portal area contains a branch from the hepatic artery (A ), and a.re se.en with_extensive vacuolated cytoplasm (V). Blood
a bile duct (1) Subgroup Ic (H&E X 640). sinusoids (1) are seen congested. Group Il (H&E X640).

503



6-GINGEROL AND HEPATIC INJURY
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Fig. 7: showing cellular infiltration in the portal tract (*) and Fig. 10: showing moderate branching of bile ducts (1) in the
dilated bile duct (7). Group II (H&E X640). portal tract area. Group III (H&E X640).
. e o o — . y g Q " 4 = |

Fig. 8: showing dilatation (D) and proliferation (P) of bile ducts Fig. 11: showing few collagen fibers (1) i the
in the portal tract area. Group II (H&E X640). portal  tract and around the central vein (A)
pi R & e Group la (Mallory's triple stain X250).

D

. ) ; (5 S5 3 B Pl

Sid N R Y L 4 Fig. 12: showing an apparent increase in the amount of collagen

Fig. 9: showing few hepatocytes with vacuolated cytoplasm (7). fibers (*) in the portal tract and around the central vein (1)
Group III (H&E X640) Inset X1000. Group II (Mallory's triple stain X250).

504



Kamal et al.

, IS (gL ; &% 3 & o X
Fig. 13: showing collagen fibers (1) in the portal tract. Fig. 16: showing hepatocytes with negative TNF- a reaction
Group III (Mallory's triple stain X250). Group III (avidin—biotin peroxidase for TNF-a, x640).

i

Fig. 14: showing the hepatocytes of the control group with negative Fig. 17: showing few hepatocytes with faint PCNA positive

TNF-a reaction. nuclei (7). Notice the negative reaction of other nuclei (A).

Group Ia (avidin—biotin peroxidase for PCNA x400).
et 1 i L F H

Group Ib (avidin—biotin peroxidase for TNF-a, x640).

ig. 18: showing most of hepatocytes with‘deep PCNA positivi
c e . nuclei (1). Notice the vacuolated cytoplasm in hepatocytes.
Group II (avidin-biotin peroxidase for TNF-a, x640). Group II (avidin-biotin peroxidase for PCNA x400).

Fig. 15: showing hepatocytes with positive TNF-a reaction (1)
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* ) b 4 v LY J

Fig. 19: showing numerous deeply PCNA positive nuclei
of cells lining proliferating bile ducts at portal tracts (7).
Notice the deeply stained nuclei of hepatocytes (A).
Group II (avidin—biotin peroxidase for PCNA x400).

Fig. 20: showng apparent fewer hepatocytes with PCNA positive
nuclei (1). Group III (avidin—biotin peroxidase for PCNA, x400).

DISCUSSION

The central role of liver in drug metabolism
predisposes it to toxic injury. For the previous reason,
the liver was chosen in the present study. Carbon
tetrachloride is the most widely used hepatotoxin
in studying liver fibrosis and cirrhosis in rodents.
It mimics human chronic disease associated with
toxic damagel”. It was also mentioned that liver
necrosis induced by CCL, is an example of a model
for experimental liver necrosis caused by oxygen
free radicals®®'l. The only treatment of liver fibrosis
currently available is liver transplantation, which is,
however, hampered by high treatment costs and the
limited number of liver donors. Thus, there is an urgent
need for clinical strategies to manage liver fibrosis’.

The main advantage of using natural or dietary
compounds is that they seem to have low toxicity and

show very few adverse side effects. Ginger (Zingiber
officinale) is widely used all over the world as a spice
and condiment in daily cooking. It is a natural food
component with many active phenolic compounds
such as gingerol??l.

The present work was carried out to study the
possible protective role of 6-gingerol in a model of
liver injury induced by CCL, in adult male albino rats.

In this study, the health of animals was carefully
monitored. Administration of ginger was not
associated with apparent weight loss or changes in
general conditions. Rats treated with the CCL, alone
showed apparent decrease in body weight, suggesting
that hepatotoxicity might have contributed to this loss.

In the current work, the IP injection of CCL,
in rats of group II produced severe degenerative
changes in their liver. Examination of H&E stained
sections of this group showed loss of the usual hepatic
architecture. Most of the liver cells were seen highly
vacuolated. According to the opinion of some authors,
it was suggested that these vacuoles might contain
accumulated fat secondary to fatty degeneration of the
liver?¥), Congestion of blood sinusoids and infiltration
with inflammatory cells in the portal tract area were
also seen. Similar findings were observed by other
authors**?*. They reported that CCL, treatments of
rats produced hepatic necrosis, inflammation and fatty
accumulation. Recently, it was reported that Liver
from CCL, treated rats showed moderate or severe
degeneration and necrosis of hepatocytes around the
central vein region, fatty changes, inflammatory cell
infiltration and congestion?*®!. It was concluded that
CCL, facilitates the generation of hepatotoxins that
can result in morphologic abnormalities!®®.

Proliferation of bile ducts was also noticed in
the portal tract of group II. This was explained by
other authors who stated that evidence from human
histopathology and experimental studies with rodents
showed that hepatocytes and cholangiocytes may
function as “facultative stem cells” and undergo
transdifferentiation, or reprogramming, from one
cell type to the other to rescue failed regeneration of
hepatocytes or cholangiocytes. It was found that in rats
given acetylaminofluorene (which is carcinogenic and
causes DNA damage) followed by CCl,, centrilobular
necrosis occurs and rapidly proliferating cells appear
in periportal areas, resembling cholangiocytes,
with markers of biliary cells and hepatocytes.
The immediate periportal hepatocytes undergo
transdifferentiation directly into ductal structures
lined by ductular hepatocytes, and became biliary
ductules. They reported that in situations of severe
hepatocyte depletion or near absolute inhibition of
hepatocyte proliferation, cholangiocytes can generate
hepatocytes and liver progenitor cells. They added
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that this should not be entirely surprising, as several
studies from the 70s and 80s have shown the plasticity
of the hepatic epithelial phenotypes. Hepatocytes in
primary culture express biomarkers characteristic of
cholangiocytes as gamma-glutamyl transpeptidase,
alkaline phosphatasel?’!,

It was reported that structural integrity of the
sinusoids was necessary for the maintenance of
normal exchanges of fluids, particles, and metabolites.
Impairment of exchange is a major contributing
factor of hepatic dysfunction in liver fibrosisi?®!l. In the
present study, the hepatotoxic pathological effect of
CLL, was ameliorated with partial disappearance of
hepatic damage when treatment was combined with
6-gingerol. Thus, 6-gingerol appeared to play a key
role in preservation of the structural integrity of the
hepatocellular structures. It was reported that ginger
extracts revealed significant inhibitory properties
against free radical attack and lipid peroxidation, as
well as potent protective effects on hepatocytes against
oxidative damagel®® . It was reported that daily
supplement of ginger extract could increase blood
levels of antioxidant enzyme, and decrease oxidative
stress blood levels. This result might confirm the
antioxidant pharmacological activity of ginger. No
serious adverse effects were reported after taking
ginger extract as a daily supplement!*..

In the current study, periportal fibrosis was detected
in Mallory stained sections after CCL, administration.
These results were confirmed by morphometric and
statistical studies. The area percentage of the collagen
fibers was significantly increased in the rats receiving
CCL, alone (group II) as compared to that of the
control group (group I). Same findings were observed
by others?**** who concluded that CCL, administration
produced an extensive liver fibrosis.

It was reported that liver fibrosis is a response to
various chronic liver injuries. The process leading to
liver fibrosis resembles the process of wound healing,
including inflammation, synthesis of collagenous and
noncollagenous extracellular matrix components, and
tissue remodeling. The origin of liver fibrogenesis is
initiated by the damage of hepatocytes, resulting in the
recruitment of inflammatory cells and platelets, and
activation of Kupffer cells, with subsequent release of
cytokines and growth factors®* 2%, Same explanation
was previously stated by other authors, who added
that these factors activate hepatic stellate cells which
proliferate and transform into myofibroblasts-like
cells that deposit large amounts of connective tissue
components**?!. It was also reported that CCL, causes
oxidative stress that activates hepatic stellate cells.
The activated hepatic stellate cells become the main
source of most cytokines and collagen proteins2%-32],

It was mentioned that collagen deposition has
lasting consequences on hepatic patterns of blood
flow and perfusion of hepatocytes!®]. The present
study proved that the hepatic pathology caused by
administration of CLL, was prevented by concomitant
treatment with ginger. A significant decrease in the
mean area percentage of collagen deposition was
noticed in coadministration of 6-gingerol and CLL,.
The present study suggested 6-gingerol as a potential
antifibrotic agent.

Cellular infiltration in the portal tract area was
also noticed in CCL, group. It was reported that liver
inflammation leads to the secretion of proinflammatory
cytokines and chemokines which, in turn, contributed
to amplification of the inflammatory signal and
subsequent progression of the diseases. Nuclear factor
kappa B (NFkB) is the master regulator of the hepatic
inflammatory response. Under basal conditions, NFkB
is present in the cytoplasm of hepatocytes in a latent
form. Upon exposure to proinflammatory stimuli,
NFkB is activated and migrates to the cell nucleus
where it directs transcription of target genes. Ginger
has been known as a valuable medicinal herb having
anti-inflammatory properties. Different studies have
shown that ginger extracts suppress inflammation
through inhibition of the classical NFkB pathway in
various cell types and tissues®¥.

In the present study, we tested the potential
anti-inflammatory effect of 6-gingerol by using
an immune-histochemical technique to detect the
presence of the inflammatory marker TNF-a. We
noticed that 6-gingerol significantly reduced the
elevated expression of TNF-o in hepatocytes. This
was also noticed by other authors®’l. It was reported
that gingerol may act as anti-inflammatory agent by
inactivating NFxB through the suppression of the
pro-inflammatory TNF-a. Ginger has long been used
in traditional medicine as a cure for some diseases
including inflammatory diseases. Gingerol has
antioxidant, and anti-inflammatory effect!?>*1. It was
reported that the protective effects of ginger against
hepatotoxicity are mainly due to its antioxidant
and anti-inflammatory effects. It also exhibited free
radical scavenging, inhibition of lipid peroxidation
and DNA protection indicating strong antioxidant
properties. Previous reports documented the ability
of this compound to directly inhibit prostaglandin and
leukotriene synthesis. Six-gingerol, besides having
various pharmacological and physiological effects
including anti-inflammatory, analgesic, antipyretic
and gastroprotective activities, is also reported to have
anti-hepatotoxic activities!''. The anti-inflammatory
effect of ginger was identified in the current study
as ginger administration significantly decreased the
cellular infiltration in hepatic tissues.
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PCNA immunostaining technique was used in
the present study to detect the proliferating cells.
It was stated that PCNA is a labeling technique for
investigating cell proliferation¢l.

In the current study, PCNA positive nuclear
reaction was seen in few hepatocytes of the control
rats. It was explained that the normal hepatocytes
are generally quiescent and replicate in a limited and
regulated manner*”..

In the current study, in rats that received CCL,
alone, PCNA positive reaction was seen in hepatocytes
surrounding the central vein and in bile ducts in the
portal tracts. It was suggested that the liver cells of rats
treated with CCL, have stronger replicative activity,
as reflected by the significant increase in number and
area percentage of PCNA-positive cells. This was
against findings of other authors who reported that
the replicative activity of hepatocytes diminishes
in advanced cirrhosis in humans and in chronic
liver injury in mouse, reaching a state of replicative
senescencel®”). This might be because the duration in
the current study was less than that needed to obtain
chronic cirrhosis.

In the present study with pretreatment with
6-gingerol, a significant decrease in the number and
area percentage of PCNA positive hepatocytes was
noticed in comparison to CCL, group. This might
be explained by the opinion of other authors who
reported that gingerol improved the elevated serum
liver enzymes in both carbon tetrachloride and
acetaminophen induced hepatotoxicity. They reported
that this protective effect was also confirmed by
histological examination of the liver*s.

It was reported that ginger exhibited free radical
scavenging, inhibition of lipid peroxidation, DNA
protection indicating strong antioxidant properties.
The protective effects of ginger against hepatotoxicity
are mainly due to its antioxidant and anti-inflammatory
effects. Since the mechanism of hepatic injury may be
due to inflammatory process, so the hepato-protective
activity of ginger may be due to its content of volatile
oils, which showed anti-inflammatory, analgesic and
immunomodulatory effects!!!.

CONCLUSION

The present work came to a conclusion that 6-gingerol
a known compound from ginger- has a promising role in
protection against hepatic injury induced by CLL,.
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