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Abstract
Background: Anti-inflammatory and antioxidant properties of Mormodica charantia has been a crucial factor
in reducing liver damage. The medicinal value ofM. charantia is derived from its bioactive components, which
have observable physiological effects on the body and act as a preventive measure. The present study aimed
at evaluating the antioxidant and anti inflammatory effects of M. charantia on acute liver injury induced by
carbon tetrachloride (CCL4) in wistar rats.
Method: Wistar rats were subjected to intraperitoneal injection of 1 ml/kg body weight CCL4 with or without
M. charania (100 mg/kg, 200 mg/kg or 300 mg/kg). Rats were randomly divided into six (6) groups,
comprising five rats each. The treatment schedule was as follows; Group I: Normal Control; Group II: Negative
Control (CCL4 only); Group III:CCL4 + M. charantia (100 mg/kg); Group IV:CCL4 + M. charantia (200 mg/kg);
Group V:CCL4 + M. charantia (300 mg/kg); and Group VI: CCL4 + Silybon (40 mg/kg). The treatment
commenced after CCL4 injection.
Results: Rats treated with CCL4 developed acute liver injury, as evidenced by elevated levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP). Furthermore,
increase in white blood cells (WBC), platelet counts (PLT) and pro- inflammatory cytokines; tumor necrosis
factor alpha (TNF-α), interleukin 1 beta (IL-1β) and interleukin 6 (IL-6), alongside decrease in haemoglobin
(Hb), red blood cells (RBC), packed cell volume (PCV), antioxidant genes; superoxide dismutase (SOD),
catalase (CAT), aryl hydrocarbon receptor (AhR) and NAD(P)H quinone oxidoreductase 1 (NQ01), and anti-
inflammatory gene; interleukin 10 (IL-10), were observed. M. charantia treatment significantly and
dose- dependently reduced liver injury, oxidative stress and inflammation. Inflammatory cytokines were
downregulated by M. charantia and CCL4- induced oxidative stress was blocked by M. charantia treatment
through improving anti- oxidants. The changes was also evidenced by histological analysis.
Conlusion: The present study highlighted that M. charantia exhibited liver- protective effects against acute
hepatic injury induced by CCL4 via suppressing inflammation and oxidative stress.
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Introduction
The liver is an important organ that plays
important roles in the body including
detoxification of harmful substances,
metabolism of macromolecules, synthesis of
plasma protein and regulation of body glucose
level [1, 2]. The liver is made up of a variety of
cell types, all of which communicate with one
another in order to carry out their respective
duties. Hepatocytes, also known as hepatic
parenchymal cells, are responsible for up to 80
percent of the organ's overall volume, and they
perform the majority of the liver's tasks [1].
Liver diseases are responsible for the deaths of
around 2 million people per year all over the
world [3, 4]. Excessive consumption of alcohol,
viral infection, blockage of the biliary system,
exposure to heavy metals are all risk factors of
liver damage [5, 6]

Carbon tetrachloride (CCl4), is one of the toxins
that is utilized most frequently in the context of
experimental research on liver diseases. The
liver is a large organ with specialized metabolic
activities and the principal target of CCl4
poisoning. CCI4 transfers an electron from the
C–Cl link, forming a radical anion that breaks
down into trichloromethyl (CCl3) and chloride
[7, 8]. Trichloromethyl may transform into
chloroform, attach to biological components,
and damage cell membrane fatty acids.
Chloroform and secondary lipid radicals react
with molecular oxygen to form lipid
peroxyradicals. The trichloromethyl radical can
interact with oxygen to generate the
peroxytrichloromethyl free radical, which is
more reactive but causes equivalent damage.
Peroxidized fatty acids break down into
carbonyls such as malondialdehyde (MDA),
ethane, and pentane [7, 9, 10].

Mechanisms through which CCl4 induced
hepatotoxicity includes generation of free
radical and associated reactive species, Kupffer

cells activation, decrease in the content of 5-
methylcytosine in the genome, as well as the
production of cytokines and interleukins [11,
12]. As a result, the hepatocytes become more
susceptible to oxidative stress. Excessive free
radical production is a major contributor to
liver damage caused by excessive oxidative
stress. On the other hand, CCl4 decreases the
antioxidant enzyme activities of the liver cells,
such as catalase, superoxide dismutase (SOD)
[13]. The activation of Kupffer cells following
liver injury leads to the production of cytokines
and interleukins such as IL-6, IL-10, IL-1β and
TNF-α [12, 14, 15]. The liver's serum marker
enzyme concentrations are markedly elevated
after CCl4 administration. It increases the
levels of serum enzymes like Alanine
Transaminase (ALT) and Aspartate
Transaminase (AST) that are typically present
in the cytoplasm [13, 16].

Despite significant advances in medicine, there
is no effective treatment that stimulates liver
functions, protects the liver from injury and
aids in the regeneration of hepatic cells [17,18].
Silybon commonly used to aid in the
management of liver damage caused by chronic
liver disease and cirrhosis. It is also known for
protecting the liver from damage caused by
chemicals, alcohol, chemotherapy, nonalcoholic
fatty liver disease, and chronic hepatitis [19a].
As an alternative to or supplement to
conventional treatment, herbal medicines have
garnered significant attention, and the need for
these cures is now on the rise [19]. Studies
have shown that M. charantia has diverse
pharmacological activities including wound
healing properties owing to its powerful
antioxidant properties [20, 21]. Despite the
enriched pharmacological properties of M.
charantia, there its dearth of information on its
protective function in liver injury. Hence, this
study investigates the antioxidant and anti-
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inflammatory effect of M. charantia on CCL4-
induced liver injury in wistar rats.

Materials andmethods
Experimental design
Thirty (30) male wistar rats weighing
approximately 250-300 grams were purchased
from the Department of Biochemistry, Federal
University of Technology Akure. The rats were
kept in the department animal house, and they
were provided with rat normal pellet diet and
water ad libitum. The rats were acclimatized
for 14 days

Induction of liver injury
The experimental animals were given by an
intraperitoneal injection of CCl4 (1 mL/kg.b.wt)
to induce liver injury, as previously described
by [22]. Rats were randomly divided into six (6)
groups, comprising five rats each. The
treatment schedule was as follows:
Group I: Normal Control; Group II: Negative
Control (CCL4 only); Group III:CCL4 + M.
charantia(100 mg/kg); Group IV:CCL4 + M.
charantia(200 mg/kg); Group V:CCL4 + M.
charantia(300 mg/kg); and Group VI: CCL4 +
Silybon (40 mg/kg). The treatment commenced
after CCL4 injection just one-off time. The
experiment lasted for 28 days while the
weights of the rat were recorded periodically.
At the end of the management period, each rat
was anesthetized by diethyl ether. Blood
samples via cardiac puncture were collected
for biochemical . (ALT, AST, ALP) and
haematological analysis (Hb, RBC, PCV). Using
scissors and forceps, liver tissues were
removed, trimmed of fatty tissue, rinsed in
normal saline (0.9% NaCl), and weighed. Using
a Teflon homogenizer, 100 mg of the tissues
were homogenized in 1 ml of normal saline per
milligram of tissue. The resultant homogenates
were centrifuged at 300 rpm and 40 degrees
Celsius before being utilized in biochemical
tests. (TNF-α, IL-1β, IL-6, SOD, CAT, AhR,
NAD(P)H, NQ01), and IL-10),

Collection of plant material
The leaves of M. charantia was cultivated
within the University of Benin Main Campus,

the plant material was taken to faculty of life
science, University of Benin for authentication.
The M. charantia leaves were rinsed with
distilled water and air dried for a duration of
17 days.

Extraction ofM. charantia leaves
The air-dried leaves of M. charantia was
pulverized into smooth and fine particles using
an electric blender. Five-hundred and thirty
grams of the powered leaves (530 g) was
weighed using a weighing balance, and was
added to 1590 ml of methanol. The mixtures
were allowed to stand for 48 h, during which it
was stirred periodically. The mixtures were
sieved using filter paper to obtain the mixture
filtrate. The filtrate was taken to the
Department of Medical Biochemistry,
University of Benin for freeze-drying. The
filtrate was freeze dried to obtain methanol
extract of M. charantia. The extract was stored
at room temperature (25oC).

Estimation of liver enzymes assays
The activities of aspartate aminotransferase
(AST) and level of total protein was determined
based on Bradford method [23] using
commercially available kit (Agappe). The level
of alanine aminotransferase (ALT) level was
determined based on the method of Reitman
and Frankel [24] using commercially available
kit (Randox laboratories UK. Alkaline
Phosphatase (ALP) level was determined based
on the method of [25] using commercially
available kit (Randox laboratories, UK).

Determination of hematological parameters
The haematology parameters were analyzed
using five (5) part Mindray Haematology
Aanalyser (Mindray BC-500) using Coulter
principle.
Principle
The Coulter method of sizing and countering
particles is based on measurable changes in
electrical impedance produced by
nonconductive particle suspended in an
electrolyte. [26]
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Gene expression assay
RNA isolation and reverse transcription
The excised liver tissues were homogenized
using mortal and pestle to increase the surface
area of the tissues. The homogenized tissues
were placed in eppendoff tubes containing
some quantity of Trizol reagents. The
homogenate was centrifuged for 30 minutes at
1500 rpm after being treated with a gradient
separation medium (chloroform). To recover
the RNA pellet, the supernatant was mixed
with precipitating media (isoamyl alcohol) and
vortexed at 1500 rpm for 30 minutes. After
that, the supernatant was decanted. In
nuclease-free water, the precipitated RNA was
suspended. Following that, the total RNA
concentration was determined using UV
absorbance spectrophotometry (JENWAY
6305). The total RNA yield was converted to
cDNA using reverse transcriptase enzyme,
which is available in a protoscriptll cDNA
synthesis kit.

Amplification of genes using polymerase
chain reaction
The synthesized cDNA was aliquoted into a
primer-specific PCR cocktail and diluted in
Nuclease-free water. In brief, the cocktail
contains some quantity (µL) of reverse and
forward primers, synthesized cDNA, master
mix. The cocktails were loaded on
thermocycler to carry out the amplification of
the genes under 30 PCR amplification cycles.
Typically, a GAPDH-specific primer was used to
track each sample animal's baseline gene
expression. The primer sequences of the
amplified genes are: aryl hydrocarbon receptor
(AHR) forward primer 5’-
CAGGCGTTCCTAAGCAAGTTTC -3’, reverse
primer 3’-GGAGGTGAGCAGCAGTCTGA-5’;
Catalase (CAT) forward primer 5’-
GATGGTAACTGGGACCTTGTG -3’, reverse
primer 3’-GTGGGTTTCTCTTCTGGCTATG -5’;
IL-1B forward primers 5’-
GCAATGGTCGGGACATAGTT -3’, reverse primer
3;-AGACCTGACTTGGCAGAGGA -5’; IL-6
forward primer 5’-
TCTCTCCGCAAGAGACTTCCA -3’, reverse
primer 3’- ATACTGGTCTGTTGTGGGTGG-5’; IL-
10 forward primer 5’-

GAGAGAAGCTGAAGACCCTCTG -3’, reverse
primer 3’-TCATTCATGGCCTTGTAGACAC-5’;
quinone oxidoreductase 1(NQO1) forward
primer 5’-CAGCGGCTCCATGTACT –
3’, reverse primer 3’-
GACCTGGAAGCCACAGAAG -5’; SOD forward
primer 5’-AGGGCCTGTCCCATGATGTC -3’,
reverse primer 3’-
AGAAACCCGTTTGCCTCTACTGAA -5’; TNF-
alpha forward primer 5’-
ACCACGCTCTTCTGTCTACTG -3’, reverse
primer 3’-CTTGGTGGTTTGCTACGAC-5’;
GAPDH forward primer 5’-
AGACAGCCGCATCTTCTTGT -3’, reverse primer
3’-CTTGCCGTGGGTAGAGTCAT -5’.

Agarose gel electrophoresis
The PCR amplicons were subjected to agarose
gel electrophoresis. The migration of the DNA
bands was visualized under blue light imager.
The relative density of the DNA bands was
captured via snapshots. Subsequently, the
densitometric values of the bands were
quantified using Image J software
(http://imagej.en.softonic.com).

Histopathological examination
The liver tissues were divided into aliquots and
fixed in 10% formalin in phosphate-buffered
normal saline for a week. After being rinsed for
two hours under running water, they
underwent progressive ethanol dehydration
before being embedded in paraffin wax. After
that, the sections were xylene deparaffinized
and hematoxylin and eosin stained. With the
use of x40 and x100 objective lenses, the
created tissue slices were viewed,
photographed, and evaluated under a
microscope [4].

Statistical analysis
GraphPad 8 Software was used to analyze the
data using one-way analysis of variance
(ANOVA) (USA). The findings were presented
as mean±SD. We made numerous comparisons
between the two groups using the Bonferroni
post-hoc test. When the p-value was less than
0.05, the differences were determined to be
statistically significant.

http://imagej.en.softonic.com
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RESULTS
Effect of M.charantia on the bodyweight of
CCl4-induced liver injury in wistar rats
As shown in Table 1, induction of liver injury
following intraperitoneal injection of CCl4
caused significant reduction (p<0.05) in the
weight of the wistar rats which signifies the
onset of hepatic injury. Oral administration of
200 mg/kg and 300 mg/kg of M. charantia to
CCl4-induced rats caused significant increase in
the weight of the rats when compared to
negative control, in second and third week of
treatment. On the 4th week of treatment, there

was significant increase in the weight of CCl4
induced rats in CCL4 + M. C (200 mg/kg), CCL4
+ M. C (300 mg/kg), and CCL4 + Silybon (40
mg/kg) treatment groups. It should be noted
that treatment of CCl4-induced rats with
silybon (40 mg/kg) did not experience a
significant increase in the rats’ weight when
compared with negative control group until
third week of treatment. Also, there was no
significant difference (p<0.05) in the weight of
CCl4-induced rats when compared to negative
control throughout the duration of the
treatment.

Table 1: Effects ofMormodica charantia on CCL4 induced changes in body weight (g) of wistar rats

Treatment Before After Week 1 Week 2 Week 3 Week 4
Induction (g) induction (g) treatment (g) treatment (g) treatment (g) treatment (g)

Control 195.44±2.10 194.87± 2.10 195.36± 3.12d 192.88±3.11 198.11± 3.23 201.48±3.15

-ve control 200±1.53 173.22±3.35b 167.40± 2.56 165.93±5.01b 166.15± 5.67b 165.53±4.55b

CCL4 + M.C 192±4.05 163.93± 2.74b 168.74± 3.08b 164.26± 3.11b 165.48± 3.10b 168.86± 3.23b
(100mg/kg)

CCL4 + M.C 196±4.31 170.74± 2.83b 179.35± 3.08bdf 176.88± 3.10bdf 182.09± 4.04bdf 185.48± 3.97bdf
(200mg/kg)

CCL4 + M.C 198±4.11 174.19± 3.12b 187.61± 3.08adf 185.13± 3.10adf 190.36± 3.10bdf 193.73± 3.11df
(300mg/kg)

CCL4 + Silybon 194±2.93 162.43± 2.88b 168.43± 3.20b 165.95± 3.27b 171.18± 3.27bc 174.55± 3.27bd
(40mg/kg)

“a” represent p<0.01 to Negative control, “b” represents p < 0.01 to control, “c” represents p < 0.05
to Negative control, “d” represents p < 0.01 to Negative control, and “f” represents p < 0.01 to CCL4
+ Silybon (40 mg/kg).

Table 2 shows the effects of M. charantia on the
blood parameters of CCl4-exposed wistar rats.
The result showed a significant (p<0.05)
decrease in the level of Hb and RBC count in the
negative control group compared to the control
group. There is significant (p<0.05) increase in
the levels of Hb and RBC count in the M.
charantia and silybon treatment groups
compared to the negative control group. Also,
there is a significant (p<0.05) decrease in the
levels of Hb and RBC count in the (100 mg/kg)
and (200 mg/kg) M. charantia treatment groups

but a significant (p<0.05) decrease in the levels
of Hb and RBC count in the (300 mg/kg) M.
charantia treatment group when compared with
the silybon treatment group. The results also
show that there is significant (p<0.01) increase
in the WBC and PLT counts but a significant
(p<0.01) decrease in the PCV percentage of the
negative control group compared to the control
group. Treatment with M. charantia at (100
mg/kg), (200 mg/kg) and (300 mg/kg) as well
as silybon at (40 mg/kg) was able to
significantly (p<0.05) decrease the count of RBC
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and PLT and significantly (p<0.05) increase the PCV percentage of the treatment groups
compared to the negative control group.

Table 2: Effect of M. charantia on CCl4 induced changes in haematology parameters of the
Wistar rat

Treatment RBC (x106//µL) Hb(g/dl) WBC(x103) PCV (%) PLT(x103 /µL)

Control 7.87±0.16 15.13±0.29 6.18±0.34 46.17±0.83 172.33±23.61

-ve Control 5.06±0.16b 10.84±0.39b 9.46±1.32b 26.40±1.03b 114.60±27.48b

CCL4 + M.C 5.48±1.12df 11.10±2.44df 8.55±1.51df 37.00±7.47df 129.33±28.69cf
(100mg/kg)

CCL4 + M.C 6.83±0.03df 13.20±0.30df 6.00±0.15d 46.00±1.16de 137.00±19.04df
(200mg/kg)

CCL4 + M.C 8.36±1.28df 15.12±2.63de 5.57±1.35de 48.00±8.41de 171.67±31.99de
(300mg/kg)

CCL4+Silybon 7.36±1.34d 14.86±2.73d 6.04±1.93d 45.20±9.08d 169.80±45.58d
(40mg/kg)

“b” represents p < 0.01 to control, “c” represents p < 0.05 to Negative control, “d” represents p <
0.01 to Negative control, “e” represents p < 0.01 to Negative control and “f” represents p < 0.01 to
CCL4 + Silybon (40 mg/kg).

Effect of M. charantia on the liver function
indices of CCl4-induced liver injury in wistar
rats

Figure 1a, 1b, 1c, 1d, and 1e show the effect of
M. charantia extract on liver AST, ALT and ALP
in CCl4-induced liver injury in wistar rats. There
was significant increase (p<0.05) in the level of
AST ALT and ALP in negative control when
compared to the control group. There was

significant reduction in the level of AST, ALT
and ALP following administration of vary dose
of M. charantia (100 mg/kg, 200 mg and 300
mg/kg) respectively and Silybon when
compared with negative control. However, there
was significant reduction (p<0.01) in the level of
AST and ALP following treatment with
100mg/kg and 200 mg/kg of M. charantia when
compared with CCl4+ silybon group.



Bini et al. 2025; 2(2):1-22

NEXUS OF MEDICINE AND LABORATORY SCIENCE JOURNAL 7

Figure 1a: The effect of M. charantia extract
on the level of liver aspartate aminotransferase
in CCl4-induced liver injury in wistar rats. “b”

represents p < 0.01 to control, “d” represents p
< 0.01 to Negative control, “f” represents p <
0.01 to CCL4 + Silybon (40 mg/kg).

Figure 1b: The effect of M. charantia extract
on the level of liver alanine aminotransferase
in CCl4-induced liver injury in wistar rats. “b”

represents p < 0.01 to control, “d” represents p
< 0.01 to Negative control, and “f” represents p
< 0.01 to CCL4 + Silybon (40 mg/kg).
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Figure 1c: The effect ofM. charantia extract on
the level of liver alkaline phosphatase in CCl4-
induced liver injury in wistar rats. “b”

represents p < 0.01 to control, “d” represents p
< 0.01 to Negative control, and “f” represents p
< 0.01 to CCL4 + Silybon (40 mg/kg).

Figure 1d: The effect of M. charantia extract
on the level of albumin in CCl4-induced liver
injury in wistar rats. b” represents p < 0.01 to

control, “d” represents p < 0.01 to Negative
control, and “f” represents p < 0.01 to CCL4 +
Silybon (40 mg/kg).
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Figure 1e: The effect of M. charantia extract
on the level of bilirubin in CCl4-induced liver
injury in wistar rats. b” represents p < 0.01 to

control, “d” represents p < 0.01 to Negative
control, and “f” represents p < 0.01 to CCL4 +
Silybon (40 mg/kg).

Effect of M. charantia on the mRNA
expression of antioxidant genes in CCl4-
induced liver injury

Figure 2a and 2b show the effect of M.
charantia on the expression of SOD and CAT in
CCL4-induced liver injury. There was significant
(p<0.01) downregulation of SOD and CATmRNA
expression in negative control when compared
negative control. The expression of hepatic SOD

and CAT mRNA expression was significantly
upregulated following the treatment of the rats
with vary doses of M. charantia (100 mg/kg,
200 mg/kg and 300 mg/kg) and silybon (40
mg/kg). However, the mRNA expression of
hepatic SOD and CAT was significantly (p<0.01)
downregulated in CCL4 + M. C (100 mg/kg) and
CCL4 + M. C (200 mg/kg) when compared to
CCL4 +silybon (40 mg/kg).

GAPDH

CAT

Control
-ve
control

CCL4 + M.C
(100 mg/kg)

CCL4 + M.C
(200 mg/kg)

CCL4 + M.C
(300 mg/kg)

CCL4 +
Silybon
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Figure 2a: Effect of M. charantia on mRNA
expression of CAT in acute-carbon
tetrachloride-induced liver injury in wistar rats.
“b” represents p < 0.01 to control, “c”

represents p< 0.05 to Negative control, “d”
represents p < 0.01 to Negative control, and “f”
represents p < 0.01 to CCL4 + Silybon (40
mg/kg).

Figure 2b: Effect of M. charantia on mRNA
expression of SOD in acute-carbon
tetrachloride-induced liver injury in wistar rats.
“a” represent p < 0.05 to control “b” represent

p < 0.01 to control, “d” represent p < 0.01 to
Negative control, “f” represent p < 0.01 to CCL4
+ Silybon (40 mg/kg).

GAPDH

SOD

Control
-ve
control

CCL4 + M.C
(100 mg/kg)

CCL4 + M.C
(200 mg/kg)

CCL4 + M.C
(300 mg/kg)

CCL4 +
Silybon
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Effect of M. charantia on AhR-NQO1
signaling pathway of CCl4-induced liver
injury in wistar rats

The effect of M. charantia on hepatic mRNA
expression of AhR and NQ01 in carbon
tetrachloride-induced liver injury in wistar rats
are shown in Figure 3a and 3b. induction of
liver injury significantly (p<0.01)

downregulated the expression of AhR and NQ01
when compared to negative control. CCL4 + M. C
(100 mg/kg), CCL4 + M. C (200 mg/kg), CCL4 +
M. C (300 mg/kg) and CCL4 + silybon (40 mg/kg)
when compared to negative control. The results
also show that there is repression of AhR and
NQ01 in group treated with 100 mg/kg and 200
mg/kg of M. charantia when compared with
group treated with 40 mg/kg of silybon.

Figure 3a: Effect of M. charantia on mRNA
expression of AHR in acute-carbon
tetrachloride-induced liver injury in wistar rats.
“a” represent p < 0.05 to control “b” represent

p < 0.01 to control, “d” represent p < 0.01 to
Negative control, “f” represent p < 0.01 to CCL4
+ Silybon (40 mg/kg).

GAPDH

AHR

Control
-ve
control

CCL4 +
M.C

CCL4 +
M.C

CCL4 +
M.C

CCL4 +
Silybon

GAPDH

NQ01

Control
-ve
control

CCL4 +
M.C

CCL4 +
M.C

CCL4 +
M.C

CCL4 +
Silybon
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Figure 3b: Effect of M. charantia on mRNA
expression of NQ01 in acute-carbon
tetrachloride-induced liver injury in wistar rats.

“b” represent p < 0.01 to control, “d” represent
p < 0.01 to Negative control, “f” represent p <
0.01 to CCL4 + Silybon (40 mg/kg).

Effect of M. charantia on pro-inflammatory
and anti-inflammatory cytokines in CCl4-
induced liver injury

The results (Figure 4a, 4b, 4c and 4d) show
that the hepatic mRNA expression of TNF-α, IL-
1β, and IL-6 where significantly (p<0.01)
overexpressed in negative control when
compared with control. Oral therapy with vary
doses of M. charantia and 40mg/kg of silybon
significantly downregulated the hepatic mRNA
expression of these pro-inflammatory cytokines
when compared to negative control.
Consequently, the results also show that the
expressions of TNF-α, IL-1 β, and IL-6 were

significantly upregulated in CCL4 + M. C (100
mg/kg) and CCL4 + M. C (200 mg/kg) treatment
groups when compared with CCL4 + silybon (40
mg/kg).

Figure 4d shows the effect of M.charantia on
hepatic mRNA expression on anti-inflammatory
cytokines IL-10 in CCL4-induced liver damage in
wistar rats. Induction of liver injury caused
significant down-expression of IL-10 when
compared to control. This effect was reversed
following oral therapy with M. charantia (100
mg/kg, 200 mg/kg and 300 mg/kg) and silybon
(40 mg/kg).

GAPDH

TNF-α

Control
-ve control CCL4 + M.C

(100 mg/kg)
CCL4 + M.C
(200 mg/kg)

CCL4 + M.C
(300 mg/kg)

CCL4 +
Silybon
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Figure 4a: Effect of M. charantia on mRNA
expression of TNF-α in acute-carbon
tetrachloride-induced liver injury in wistar rats.
“b” represents p < 0.01 to control, “d”

represents p < 0.01 to Negative control, and “f”
represents p < 0.01 to CCL4 + Silybon (40
mg/kg).
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Figure 4b: Effect of M. charantia on mRNA
expression of IL-1β in acute-carbon
tetrachloride-induced liver injury in wistar rats.
“b” represents p < 0.01 to control, “d”

represents p < 0.01 to Negative control, “f” and
represents p < 0.01 to CCL4 + Silybon (40
mg/kg).

Figure 4c: Effect of M. charantia on mRNA
expression of IL-6 in acute-carbon
tetrachloride-induced liver injury in wistar rats.
“b” represents p < 0.01 to control, “d”

represents p < 0.01 to Negative control, “f”
represents p < 0.01 to CCL4 + Silybon (40
mg/kg).
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Figure 4d: Effect of M. charantia on mRNA
expression of IL-10 in acute-carbon
tetrachloride-induced liver injury in wistar rats.
“a” represents p < 0.05 to control “b”

represents p < 0.01 to control, “d” represents p
< 0.01 to Negative control, “f” and represents p
< 0.01 to CCL4 + Silybon (40 mg/kg).

Histopathological Examination

Histological study of sections from the liver of
control rat, negative control rats, rats treated
with varying doses of M. charantia and silybon
(40 mg/kg) is shown in Figure 5. The control
reveals the normal architecture of the liver with
the central vein (CV), hepatocytes (H), and
sinuosoid channels(S) with slight karyolysis.
Microscopic examination of livers from rats
administered CCl4 (negative control) showed
degeneration from the normal architectural
structure with enlarged central vein (CV), blood
congestion, and the sinusoid channels (S).
histopathological investigation of rats treated
with 100 mg/kg of M. charantia showed slight

degeneration from the normal architectural
structure of the liver with necrosis of the
hepatocytes (NH). There was slight distortion of
the normal Architectural Structure with
sinusoid channel (S), and hepatocytes (H) in the
liver of CCl4 administered rats treated with M.
charantia(200 mg/kg). On the other hand,
microscopic investigation revealed that CCl4
administered rats treated with 300 mg/kg of M.
charantia had normal liver structure with intact
sinusoid channel (S) and hepatocyte (H), and
coupled with cellular drainage. Finally, CCl4
administered rats treated with silybon
(40mg/kg) showed normal liver structure with
cellular drainage (CD) with intact sinusoid
channel (S) and hepatocyte (H).
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Figure 5: Photomicrograph of the liver tissues using hematoxylin and eosin (H&E) staining

Discussion

Liver plays pivotal role in the biotransformation
of xenobiotics, and it is highly susceptible to
damage including hepatotoxicity. Various
mechanisms have been put forth to described
the effect of CCl4 in liver damage. In this study,
the induction of liver injury following
interperitonal injection of CCl4 caused oxidative
stress, inflammation, and histopathological
damage of the liver. CCl4-treated rats developed
severe inflammatory reactions, including
increased levels of TNF-α, IL-6, and IL-1, as well
as decreased levels of IL-10. Furthermore, lipid
peroxidation increased after CCl4 treatment,
which was accompanied by depleted
endogenous antioxidants in the form of lower
levels of CAT, SOD, AHR, and NQ01. As a result
of CCl4-induced liver damage, hepatocytes lost
their membrane integrity and ability to
conjugate or excrete bilirubin, as evidenced by
increases in serum bilirubin and liver enzyme

levels activities (ALT, AST, ALP, and Alb), which
is consistent with previous findings of [27,28].

When compared to the control group, the
administration of CCL4 to rats resulted in a
significant increase in the number of white
blood cell, as well as a significant decrease in the
number of red blood cells along with Hb, PCV
and platelets parameters. Plasma membranes of
blood cellular elements have been reported to
be sensitive to oxidative stress. This sensitivity
has been attributed to the high percentage of
polyunsaturated fatty acids that they contain
[29]. RBC count and other haematological
parameters may decrease as a result of inducing
free radicals such as trichloromethyl proxy free
radical (CCl3OO) and trichloromethyl free
radical (CCl3). This is because inducing free
radicals can lead to the formation of free
radicals [30]. In addition, Hussien et al. [31]
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showed that erythrocyte membrane damage
from free radicals contributes to the release of
haemoglobin from cells and a reduction in
hemoglobin content. As previously reported by
Elshater et al [32], who stated the ability of free
radicals to disrupt the WBCs count of CCL4
treated rats, the increase in WBCs count in CCL4
treated rats observed in this study could be
considered a defensive immune system
mechanism [25]. The results of the current
study showed that, in comparison to the CCL4-
treated group, hematological blood parameters
were improved by treatment with 100 mg/kg,
200 mg/kg, and 300 mg/kg M. charantia and 40
mg/kg silybon. This finding was supported by a
significant (P< 0.05) rise in RBC, Hb, PCV and
PLT levels as well as a fall in WBC levels. (Table
2)

Our findings are in line with earlier studies by
Moqbel et al [33] that demonstrated that M.
chaantia reduces streptozotocin-induced PCV,
Hb, and WBC counts disturbances; Ranasinghe
et al [34] showed an increase in M. charantia's
effects on RBC count in rat model of
hepatocellular carcinoma; and Divya et al [35]
demonstrated the reversal effect of M. charantia
on hemoglobin concentration, white blood cell
count, and platelet count, establishing it as a
potential new source of antioxidants and natural
immune modulators.

It has been established that oxidative stress and
inflammatory responses are key
pathophysiologic mechanisms for liver damage
[36]. Production of reactive oxygen species (ROS)
and reactive nitrogen species (RNS) are crucial
for preserving the body's homeostasis and
serves as a crucial regulatory mediator for cell-
cell communication or the activation of specific
signalling pathways. However, when there is an
excess of ROS/RNS in the cellular system, they
interact with DNA, lipid, and protein molecules
and harm the cellular system. Under normal
circumstances, harmful ROS/RNS react with
antioxidant systems like catalase (CAT) and
superoxide dismutase (SOD), converting them
into less toxic molecules. When ROS/RNS
overproduction exceeds the antioxidant defense
system or antioxidants that are necessary to
neutralize oxidants are ineffective, pathological

conditions give rise to the stress conditions
known as oxidative stress [37,38].

NrF2 is a significant regulator of the antioxidant
response. It regulates a number of antioxidant
enzymes, including NQO1 and HO-1, by binding
to its proper binding sites, which are also
known as antioxidant response elements after
nuclear translocation. Another AhR target gene
is NQO1, which has AhR binding sites known as
xenobiotic response element binding sites [39].
In this study, we were able to show that rats
treated with CCl4 had lower levels of AhR and
NQ01 mRNA expression. Previous studies
showed that NQO1 expression is dependent on
AhR because AhR deletion decreased NQO1
expression in liver injury [36,40]. In this study,
M. charantia administration raised the levels of
NQ01 and AhR. According to reports, M.
charantia's antioxidant properties are due to the
presence of chemical compounds including
flavonoids, saponins, ascorbic acid, phenols,
beta carotene, caffeic acid, catechin,
triterpenoids, tannins, gallic acid, and other
phenolic compounds [41,42]. These compounds
have the ability to scavenge free radicals,
prevent lipid peroxidation, and inhibit xanthine
oxidase, which could make free radicals into
more stable products and eventually stop free
radical chain reactions [43].

Non-alcoholic fatty liver disease, severe
fibrinogenesis, and hepatocellular carcinoma all
have inflammation as a common factor because
it is thought to be one of the primary causes of
liver tissue damage. Pro-inflammatory cytokines
like IL-1β, IL-6, and TNF-α have been found to
be released in response to CCl4-induced liver
toxicity, which has been linked to inflammation
[44]. Hepatic injury is associated with elevated
levels of the inflammatory cytokines IL-1β and
TNF-α [45]. TNF-α is a pro-inflammatory
cytokine that plays a crucial role in the etiology
and progression of many different types of acute
and chronic liver disease. Carbon tetrachloride
induced liver damage included an inflammatory
phase in which TNF-α exacerbated damage from
oxidative stress and inflammation [46].
Hepatocytes, stellate cells, and endothelial cells
can all be activated by TNF-α; these cells, in turn,
release chemokines that attract and activate
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circulating inflammatory cells, thereby further
stimulating inflammation. In addition, TNF-α
causes necrosis by releasing elastases and
inducing ROS production by Kupffer cells. The
activation and hyperplasia of Kupffer cells serve
both a protective and potentially harmful
function [47]. The production of
hepatoprotective cytokines (IL-10) in the
process of hepatocyte regeneration indicate the
protective role. On the other hand, the
production of pro-inflammatory cytokines
indicates the harmful role in the development of
chronic inflammatory diseases of the liver, such
as alcoholic liver disease (ALD), non-alcoholic
steatohepatitis (NASH), and non-alcoholic fatty
liver disease (NAFLD) [48,49]. In addition to
contributing significantly to lipid peroxidation,
the trichloromethyl radical plays a crucial role
in inducing inflammation by stimulating Kupffer
cells in the liver. Kupffer cell activation leads to
the production and release of inflammatory
mediators (TNF-α, IL-6, and IL-1β), which
further contribute to the destruction of the
parenchymal liver cells [50]. In the CCl4-treated
rats, our study showed that the expression of
the pro-inflammatory genes TNF- α, IL-6, and
IL-1β increased while the expression of the anti-
inflammatory gene IL-10 significantly decreased.
Interestingly, interactions between AhR and NF-
kB pathways may be crucial for regulating
inflammatory reactions and diseases associated
with them [51]. According to previous research
Huang X, et al and Li [13,52], AhR whole-body
knockouts exhibit elevated levels of TNF- α, IL-6,
and IL-1 β in an experimental model of
autoimmune uveitis, and peritoneal
macrophages isolated from AhR null mice also
exhibit elevated levels of these cytokines [53]. M.
charantia's active components can increase the
expression of the anti-inflammatory gene IL-10
while decreasing the expression of TNF- α and
other proinflammatory genes, such as IL-6 and
IL-1 β [43].

The central vein and hepatocytes in the control
rats were seen to be organized into cords or
plates and to be separated by hepatic sinusoids
in the histological observations of the
hepatoprotective effects of M. charantia on
CCl4-induced liver damage in this study.

Administration of CCl4 resulted in a number of
changes in the histological structure of the liver,
including an alteration in the hepatic lobules'
general morphology. Around the central veins
and between hepatocytes, there are numerous
areas where collagen fibers have been deposited.
Administration of 100 mg/kg and 200 mg/kg M.
charantia extract along with CCl4 showed slight
improvement in liver histology, On the other
hand, recovery in most areas, hepatocytes well
preserved and no area of necrosis was observed
in the 300 mg/kg M. charantia and Silybon
treated rats. CCl4 caused severe histological
changes in liver tissue, necrosis, inflammation,
congestion, and sinusoidal dilatation, as shown
by the histological findings of this study, which
confirmed the haematological and biochemical
findings Comparable histological changes in the
CCl4-induced liver injury have been recorded
previously; [54] that CCL4 initially induced cell
death of a pericentral ring of hepatocytes
followed by destruction of the characteristic
microarchitecture of the hepatic lobules.
Another study of Li et al [55] revealed by
histopathological results, the CCl4-induced
chronic and acute liver injuries; Also, necrotic
changes in the centrilobular area with swelling
of the hepatocytes and infiltration of ceroid
pigment-laden macrophages was observed by
Geerts et al [56] indicating fibrotic changes in
the centrilobular area. It could be observed that
treatment with M. charantia used in this study
protected rats effectively against CCl4. It
reduced necrosis and other histopathological
changes caused by CCl4 toxicity.

CONCLUSION

In conclusion, administration of M. charantia
demonstrated significant hepatoprotection
against CCl4 induced liver injury in wistar rats.
M. charantia significantly reduced the
inflammatory and oxidative stress markers
while improving the hematological, biochemical,
and histological parameters. Additionally, there
was no detectable toxicity against the animals
from M. charantia treatment. Therefore, M.
charantia can demonstrate potential therapeutic
effect against the liver injury based on the
current study.
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