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BACKGROUND AND AIM: The medicinal value of plants has long been recognized with numerous
drugs derived from them proving essential in disease treatment. Accordingly, this study investigated the
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effects of aqueous Zingiber officinale rhizome extract (AZOR) against carbon tetrachloride (CCla)-
induced liver alterations in Wistar rats.

METHODOLOGY: Twenty adult Wistar rats were assigned into a control Group (A) and three
treatment Groups (B-D) containing five rats each. Rats in group B received 200 mg/kg body weight
(BW) of AZOR,; Rats in treatment groups C and D were administered with an intraperitoneal injection
of 1 ml/ kg BW of 30% CCla/olive oil mixture every 72 h for 14 days, however, rats in Group C were
treated daily with 200 mg/kg BW of AZOR. Thereafter, the rats were sacrificed and blood samples were
collected to assay for aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), total bilirubin (TB), Superoxide dismutase (SOD), Catalase (CAT), Glutathione
Peroxidase (GPx) and Malondialdehyde (MDA). Histological analyses were conducted to assess the
effects of these treatments.

RESULTS: Findings revealed a significant increase in AST, ALT, ALP, TB, and MDA as well as a
significant decrease in SOD, CAT and GPx in the group treated with CCl4 alone, indicative of liver
damage. Histological findings showed severe steatosis in the group treated with CCl4 alone. However,
treatment with AZOR attenuated these adverse effects, suggesting a protective effect of the extract
against CCls-induced hepatotoxicity.

CONCLUSION: Taken together, the hepatoprotective potential of AZOR against CCls could be
attributed to the antioxidant properties of the plant.
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INTRODUCTION
The utilization of natural sources for
medicinal purposes dates back thousands of
years, with numerous modern drugs derived
from such sources proving crucial in disease
treatment (Enogieru and Momodu, 2021;
Enogieru et al., 2018). Traditional knowledge
surrounding medicinal plants has long been
instrumental in the quest for new remedies,
offering cost-effective, readily available
solutions often in the form of simple
preparations (Park and Pezzutto, 2002). With
their array of active chemical constituents,

properties (Joy et al., 1998).

One such plant, Zingiber officinale Roscoe,
commonly known as ginger, holds significant
medicinal, nutritional, and ethnomedical
value and is widely used worldwide for its
diverse therapeutic properties (Grzanna et
al., 2005). Belonging to the Zingiberaceae
family, which is among the largest
monocotyledonous families in India, ginger
has a rich history of traditional use in various
medicinal systems for treating ailments such
as nausea, inflammation, and pain (Jain and

medicinal plants are often likened to
"Chemical Goldmines," providing compounds
vital for human and animal health not easily
synthesized in laboratories. Of the
approximately 250,000 higher plant species
globally, more than 80,000 possess medicinal

Prakash, 1995). With numerous biological
properties attributed to extracts from the
Zingiberaceae family, including antimicrobial
and antioxidant effects, ginger and its
relatives have garnered attention for their
potential health benefits (Sacchetti et al., 2005).
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Originating in Southeast Asia, ginger has been cultivated for
millennia for both its culinary and medicinal purposes, with
India and China currently serving as major global suppliers
(Vasala, 2004).

Despite its many applications, certain chemicals pose risks to
human health and the environment, such as carbon
tetrachloride (CCls). This compound, once widely used in
various industries, has since been phased out due to its toxic
nature, particularly its detrimental effects on the liver and
central nervous system (Lunn et al, 2022). When
metabolized by the liver, CCls leads to hepatotoxicity,
impairing liver function through inflammation and cellular
damage (Seifert et al., 1994). Against this backdrop, the
present study aims to investigate the effects of Zingiber
officinale against CCls-induced alterations in the liver of
Wistar rats, focusing on alterations in antioxidant profiles,
enzymes and histological changes.

Materials and Methods
Plant Material

Aqueous extraction of Zingiber officinale was done using the
Freeze-drying method (Enogieru and Omoruyi, 2022). Briefly,
the rhizomes were chopped into little bits and allowed to dry
at room temperature. The dried rhizomes were pounded
using a wooden mortar and pestle and milled into fine
powder in an electric blender. 500 g of the powder was
soaked in 2 litres of distilled water for 24 hours. The mixture
was filtered with Whatman filter paper No 42 (125 mm) and
the residue was separated from the filtrate. The filtrate was
concentrated at the National Centre for Energy and
Environment at the University of Benin, Benin City.

Care of Experimental Animals

Twenty (20) adult male Wistar rats weighing between 150 g
and 170 g were used for this experiment. Care and
management of animals were carried out in accordance with
the guidelines for the care and use of laboratory animals
(NRC, 2010). The animals were allowed to acclimatize for two
weeks before commencement of the experiment.

Treatment Regimen

The rats were randomly assigned into a Control group (A) and
three treatment groups (B-D) containing five (5) animals
each. Rats in group A received distilled water. Rats in group
B received 200 mg/kg body weight (BW) of aqueous Zingiber
officinale rhizome extract. Rats in the treatment groups C and
D were administered with intraperitoneal injection of 1 ml/
kg BW of 30% CCls/olive oil mixture every 72 h for 14 days,
however, rats in Group C were treated daily with 200 mg/kg
BW of aqueous Zingiber officinale rhizome extract.

Animal Sacrifice and Evaluation of Biochemical Parameters

At the end of the experimental period, rats were sacrificed
by cervical dislocation and blood samples were collected, by
Cardiac puncture, in plain bottles for determination of liver
enzymes (Aspartate aminotransferase (AST), Alkaline
phosphatase (ALP), Alanin transaminase (ALT) and Total
bilirubin (TB) as previously reported (Enogieru et al., 2015a).
0.5 g of the liver tissue was macerated in 5 ml of distilled
water for the determination of antioxidant enzymes
(Superoxide Dismutase (SOD), Catalase (CAT), Glutathione
Peroxidase (GPx) and Malondialdehyde (MDA) as previously
reported (Enogieru and Momodu, 2022).

Histological Assessment

Following appropriate fixation (10% buffered formal saline)
of the liver for seventy-two hours, processing through the
paraffin wax embedding and the hematoxylin and eosin
staining methods were carried out as previously described
(Drury and Wallington, 1980).

Statistical analysis

Statistical analysis was done using the IBM Statistical Package
for Social Sciences, Version 23 (manufactured by
International Business Corporations {IBM}; released in 2015).
All values were presented in Mean * standard error of the
mean for all groups, significance was determined using one-
way ANOVA followed by Turkey’s multiple comparisons post-
hoc test and a value of P<0.05 was taken as statistically
significant.

Results

Effect of treatment on liver function enzymes

Table 1 shows the results obtained from the liver function
test AST, ALP, ALT and TB. There was a significant increase
(P<0.05) in serum AST, ALT, ALP and TB levels in rats treated
with CCL4 only compared with control. However, there was a
significant decrease (P<0.05) in serum AST, ALT, ALP and TB
levels in rats cotreated with ginger when compared to CCLs
only. There was no significant difference (P>0.05) in the
levels of AST, ALT, ALP and TB in the group treated with
ginger only when compared to control.

Effect of treatment on antioxidant enzymes

Table 2 shows the results obtained from tissue antioxidant
enzymes and lipid peroxidation. There was a significant
decrease (P<0.05) in the level of SOD, CAT, and GPx as well
as a significant increase (P<0.05) in the level of MDA in rats
treated with CCL4 only compared to control. However, there
was a significant increase (P<0.05) in the level of SOD, CAT,
and GPx as well as a decrease in the level of MDA in rats
cotreated with ginger when compared to CCL4 only. There
was no significant difference (P>0.05) in the levels of SOD,
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CAT, GPx and MDA in the liver of rats treated with ginger only hepatocytes, sinusoids and the portal area. The slide of rats
when compared to control. treated with CCL4 only showed histological distortions; fatty-
impregnated vacuoles (steatosis). The histology of the liver

Effect of treatment on histology

Figure 1 represents the histological results. Liver slides from
the control group showed normal liver histoarchitecture;
Table 1: Liver function test across experimental groups

of rats treated with ginger only and in combination with CCL4
showed similar histology with the control.

Grouping AST (U/L) ALT (U/L) ALP (U/L) TB (mg/dl)
Group A (Control) 69.000 £ 10.000 20.670 £4.910 34.390£2.018 0.176 £ 0.024
Group B ( Ginger) 81.330£3.930 31.330+5.364 47.310£8.194 0.252 £0.025
Group C (CCLa) 113.300 + 5.239* 89.330 % 7.796* 66.000 + 2.309* 0.500 + 0.058*
Group D (Ginger and CCLa) 84.670+4.333# 32.670+9.735# 36.980+5.072# 0.202 +0.013 #
Data is represented as Mean + SEM; * and #represent P<0.05 when compared with control and CCLs respectively.
Table 2: Antioxidant enzyme analysis across experimental groups
Grouping SOD (U/g) CAT (U/g) GPx (U/g) MDA (mol/g)
Group A (control) 0.503+0.01 0.150 + 0.006 1.287 £0.057 0.287 £ 0.032
Group B ( Ginger only ) 0.455+0.031 0.134 +0.008 1.163 £0.099 0.218 +0.012
Group C (CCL4 only) 0.257 £0.008* 0.083 + 0.004* 0.532 £0.057* 0.802 £ 0.030*
Group D (Ginger and CCLa4) 0.530+0.040# 0.150 £ 0.007 # 1.325+0.891# 0.2685 + 0.009 #

Data is represented as Mean + SEM; * and #represent P<0.05 when compared with control and CCL, respectively.

Figure 1: Histology of the liver across experimental groups (A) Control group showing hepatocytes (HC), sinusoids (SS). (B) Ginger-only group
showing hepatocytes (HC), and sinusoids (SS). (C) CCLs-only group showing severe multiple vacuolated hepatocytes (HC) and sinusoids (SS).

(D) Ginger and CCL4 group showing mild vacuolation (VC). H&E; 100x
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Discussion

This study investigated the hepatoprotective activity of
ginger in a CCls model of hepatotoxicity. Reports indicate that
the hepatoxic effect induced by CCls is effected by two
reactive  and highly unstable free radicals, the
trichloromethyl radical (CClse) and the trichloromethyl
peroxyl radical (CIsCOOe) (Bekkouch et al., 2022). The
formation of these two unstable free radicals serves as the
origin of cellular damage via the induction of membrane lipid
peroxidation. This is associated with the release of cytosolic
and endoplasmic enzymes, indicating damage to liver
structure and function (Malhi and Gores, 2008). The damage
induced at the liver is accompanied by the elevation of serum
liver markers such as AST, ALT, ALP and TB, as previously
reported (Sabina et al., 2009). This reflects the presence of a
rupture of the hepatic plasma membrane because these
enzymes are primarily intracellular. AST, for example, is
found in hepatocytes as two isoenzymes, one cytoplasmic,
the other mitochondrial, and therefore, the presence of this
enzyme in the extracellular medium signals the presence of
damage in the liver cell (Wang et al., 2011). On the other
hand, exposure to hepatotoxic agents, which leads to liver
parenchymal injury, also leads to an elevation of plasma
bilirubin concentration (Darwish et al., 2013). This can be
explained by damage to the bile ducts or affection of the
erythrocyte membrane by reactive species thus leading to
hemolysis, and finally, the elevation of bilirubin levels (Awad
et al, 2018). The ability of ginger to protect these liver
markers against CCls indicates its potent hepatoprotective
activity.

For a better understanding of the hepatoprotective effect of
ginger, the liver antioxidant enzyme markers SOD, CAT and
GPx were measured. The results showed a significant
increase of the liver enzyme markers in the CCls-treated
group when compared to the control, however, cotreatment
of rats with ginger and CCls attenuated the dysregulation of
these enzymes by CCls. Also the increase in lipid peroxidation
marker, MDA, highlighted the toxicity of CCls, although this
was inhibited in the rats cotreated with ginger. These findings
are comparable to those obtained by Oke et al. (2019), Hasan
et al. (2016) and Abdel-Azeem et al. (2013) demonstrating
that ginger extract mitigates CCls-induced liver toxicity. The
ability to restore the liver enzyme markers could be
attributed to the different bioactive compounds contained in

ginger.

Administration of a hepatotoxic agent, whatever its nature,
its dose, or its route of administration, for example, CClg,
causes modification of the membrane permeability followed
by tissue damage, cell necrosis, hepatic cell lysis, damage to
the lysis of liver cells, damage to the bile ducts and/or loss of
the functional integrity of the liver tissue architecture
(Huang, 2009). The histological findings from this study such
as fatty-impregnated vacuoles (steatosis) and hepatocyte
degeneration in the liver of CClstreated rats agree with

previous studies demonstrating the susceptibility of the liver
to toxins (Enogieru et al., 2015a; Enogieru et al., 2015b). The
ability of ginger to prevent CCls-induced alterations to the
liver indicates its hepatoprotective activity which could be
attributed to previously reported bioactive compounds
found in the plant (Enogieru and Momodu, 2022).

Put together, the findings from this study indicate that ginger
could be an effective hepatoprotective agent against CCls-
induced liver toxicity in adult Wistar rats. It is therefore
recommended that further studies, aimed at investigating
novel mechanisms of action and its possible application as an
alternative treatment option for liver diseases, be carried
out.
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