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Introduction

Liver injury is an important biomedical problem

Abstract: Carbon tetrachloride (CCl,) is widely used to induce experimental oxidative
liver injury through the generation of free radicals that promote lipid peroxidation and
hepatocellular damage. Natural products with antioxidant properties are being
explored for their potential to mitigate such injury. This study aimed to evaluate the
dose-responsive ameliorative effects of Channa striata extract on hepatic oxidative stress
and histopathological alterations in rats following subacute CCl, exposure. Thirty male
Wistar rats were divided into five groups: normal control (K1), CCl, control (K2), and
three treatment groups receiving C. striata extract at 100, 150, and 200 mg/kg body
weight/day for two weeks after six weeks of CCl, induction (K3-K5). Hepatic
malondialdehyde (MDA) levels were measured as an indicator of lipid peroxidation.
Liver histopathology was assessed for hepatocellular necrosis, congestion, and
inflammatory cell infiltration using a semi-quantitative scoring system. CCl, exposure
significantly increased hepatic MDA levels and caused severe histopathological
damage in the control group. C. striata extract dose-dependently attenuated MDA
levels (p <0.001), with the 200 mg/kg/day group showing the lowest levels (2.80 + 0.15
vs. 6.65 £ 0.13 nmol/g in CCl, control). Histopathological scores for necrosis,
congestion, and inflammatory infiltration ameliorated progressively with increasing
doses, with median total scores improving from 8.5 (CCl, control) to 2.0 (200
mg/kg/day). Channa striata extract demonstrates dose-dependent ameliorative activity
against established CCl,-induced oxidative liver injury, as evidenced by attenuation of
lipid peroxidation and mitigation of histopathological damage. Further studies
incorporating serum liver enzymes and molecular mechanisms are warranted.

Keywords: Ameliorative effect; Carbon tetrachloride; Channa striata; Dose-response;
Hepatic oxidative stress; Histopathology; Malondialdehyde (MDA)

instability, inflammatory responses, and structural
injury in hepatic tissue (Mihajlovic & Vinken, 2022;
Pomacu et al., 2021). This process is relevant to both

because the liver is constantly exposed to xenobiotics,
environmental toxins, drugs, and metabolic byproducts,
which can disrupt redox homeostasis and damage
hepatocytes (Sharma et al., 2023; Javed et al., 2023).
Oxidative stress, triggered by excessive reactive oxygen
species, accelerates lipid peroxidation, membrane
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experimental toxicology and the broader understanding
of chronic liver disease progression in humans (Maran
et al.,, 2022). Consequently, the search for bioactive
compounds capable of mitigating oxidative hepatic
damage continues to attract substantial research interest
(Chupradit et al., 2022).
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Carbon tetrachloride (CCl,) is a well-established
chemical agent used in experimental hepatotoxicity
models (Maran et al., 2022; Weber et al., 2003). During
metabolism, CCI4 generates trichloromethyl and
trichloromethyl peroxy radicals, which cause significant
oxidative damage to the liver (Johra et al., 2023b). This
model is useful for studying lipid peroxidation,
hepatocyte degeneration, inflammation, and histological
alterations following toxic exposure (Dai et al., 2023).
Malondialdehyde (MDA) is a typical indicator of
oxidative stress and lipid peroxidation in CCl,-affected
tissues (Javed et al, 2023; B. Wang et al., 2022).
Furthermore, histopathological examination provides
essential visual evidence of tissue damage and repair
that biochemical markers alone cannot capture (Ogaly et
al., 2022; Xue et al., 2020).

Natural compounds with antioxidant and anti-
inflammatory properties are being investigated as
potential agents to attenuate toxic liver damage
(Algefare et al., 2024; Hasnat et al., 2024). The abundance
of bioactive chemicals linked to tissue repair and
inflammation management in Channa striata, for
instance, has aroused much scientific attention (Lee et
al., 2022; Yulizal et al., 2020). These molecules include
albumin, amino acids, fatty acids, and others (Abdulgani
et al.,, 2020; Zawawi et al., 2020). A recent systematic
study by Lee et al. (2022) found that C. striata has
favorable effects on various inflammatory conditions,
including wound healing, stomach ulcers, osteoarthritis,
and allergic reactions (Lee et al., 2022). This shows
that Channa  striata has  broader  pharmacological
potential beyond nutritional advantages (Yulizal et al.,
2020). However, existing literature primarily focuses on
its anti-inflammatory and regenerative qualities, with
limited direct evidence regarding its effects on toxic
oxidative liver injury (Lee et al., 2022; Munakarmi et al.,
2022).

Although multiple studies have examined the
impact of plant-based antioxidants to CCls-induced liver
damage, impact C. striata extract on oxidative liver
damage remains mostly unknown (Dai et al., 2021; Wei
et al., 2021). Most existing research on Channa striata has
focused on inflammatory diseases, wound healing, and
oxidative stress in tissues other than the liver (Lee et al.,
2022; Yulizal et al., 2020). Few studies have targeted the
liver. Furthermore, many experimental investigations of
liver damage focus solely on serum biochemistry or
general observations (Kabbashi et al., 2024; Ouais et al.,
2023). Few studies investigate tissue oxidative stress
markers in conjunction with a dose-response approach
to histopathology (Liu et al., 2025; Y. Wang et al., 2025).
Consequently, the precise effects of C. striata extract on
reducing hepatic lipid peroxidation and mitigating
microscopic liver damage following CCl, exposure
remain unclear.
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This research aimed addressing a research gap with
investigating whether biochemical composition Channa
striata could enhance antioxidant defenses and promote
hepatic recovery from acute oxidative stress (Jahan et al.,
2023; N. Li et al., 2024). Consequently, the examination
is limited to toxicant-induced oxidative liver damage,
ensuring that the study's objectives, methodology, and
outcome measurements are aligned (Sarfo-Antwi et al.,
2024). The study's uniqueness lies in its assessment of
dose-dependent hepatic antioxidant responses using
complementary endpoints: liver tissue MDA as a lipid
peroxidation index and histopathological changes as
markers of structural damage (J. Li et al., 2021; Ren et al.,
2021). Though the methodology is simple, it provides a
strong, publication-ready framework by maintaining
consistency and preventing the overinterpretation of
findings (Xu et al., 2022; Zhou et al., 2022).

This research assessed the hepatic antioxidant
properties of C. striata extract in a dose-responsive
manner in rats exposed to carbon tetrachloride. The
study examined liver malondialdehyde levels and
histopathological changes. Specifically, this research
evaluated whether increasing extract doses would result
in lower tissue oxidative stress and progressive
mitigation of microscopic liver injury (Alkinani et al.,
2021; Dai et al, 2021, 2023). By addressing both
biochemical and morphological signs of toxic liver
damage, this work seeks to provide preclinical evidence
regarding the ameliorative potential of Channa striata
extract in CCls-induced liver damage (Almeer et al,
2019; Bedoui et al., 2024).

Method

Ethical Approval and Extract Preparation

Following clearance from Prima Indonesia
University Health Research Ethics Committee
(approved number 041/KEPK/UNPRI/X/2025), the
experiment took place at the Ellio Laboratory in Medan
from September to November 2025. The Channa
striata extract powder was manufactured by PT Herbal
Nusantara Solo and supplied by PT Mega Medica
Pharmaceutical (POM HT. 203 300 841). Prior to oral
administration, the extract was suspended in 0.5%
carboxymethyl cellulose (CMC) and contained
standardized albumin, also necessary amino acids
indicated on research products (Yulizal et al., 2020;
Zawawi et al., 2020).

Experimental Animals
Male Wistar rats (Rattus norvegicus) ranging in
weight from 150 to 250 grams and six to eight weeks old
were used in the research. None of the rats had ever been
exposed to experimentation before. The sample size
examined utilizing the Federer models, which stipulated
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that eachgroup needed a minimum of five animals
(Fahrudin et al., 2020). We increased the number of rats
in each group from four to six in order to adjust for
mortality. The animals were kept in standard
polypropylene cages in a controlled environment with
ambient temperature of 24 + 2°C, a relative humidity of
50-60%, and a light/dark cycle occurring every 24 hours
(Weber et al., 2003). The rats had free access to a standard
pellet diet and water. To reduce stress-related variability
and stabilize physiological adaptation to the laboratory
setting, all rats were acclimated for seven days prior to
the experiment (Sharma et al., 2023).

Randomization and Experimental Design

A random number sequence was used for the basic
randomization, which included drawing lots, to split the
animals into five groups (B. Wang et al., 2022). To make
sure everyone was in an equal group, we utilized this
strategy to prevent selection bias. A randomized control
group design with just post-test factors was used in the
investigation (Dai et al., 2023). There were thirty rats
total, with six animals in each of the five groups: K1, the
control group, K2, the group that received CCl,, and K3,
K4, and K5, the experimental groups that had 100, 150,
200 mg/kg body weight/day, dosages of C.
striata extract, respectively.

The K1 group received 0.5% CMC orally in 1-mL
doses. Over the course of six weeks, the K2 group was
given a mixture of 0.1 mL/kg body weight of pure CCl,
and 0.9 mL/kg body weight of coconut oil (1:9 v/v)
orally twice weekly, followed by 0.5% CMC during
weeks seven and eight (Fahrudin et al., 2020; Weber et
al., 2003). Groups K3, K4, and K5 received an identical
CCl, induction regimen for six weeks, followed by an
oral dose of Channa striata extract at 100, 150, or 200
mg/kg body weight per day, respectively, as weeks
seven through eight (Abdulgani et al., 2020; Lee et al,,
2022). All animals were killed at the end of week 8 (Johra
et al., 2023b).

Anesthesia, Termination, and Tissue Collection

The rats were anesthetized before the experiment
ended. A commonly utilized anesthesia strategy in rat
experimental research prior to tissue collection is
intraperitoneal ketamine (70 mg/kg) combined with
xylazine (7 mg/kg) (Jahan et al., 2023). As study did not
report any blood collection for serum biochemical
analysis, the primary biological material collected for
outcome assessment was liver tissue (Abdulgani et al.,
2025; Javed et al., 2023). A portion of the right lobe was
removed for histological examination, and about 200 mg
of liver tissue was collected for the MDA test after the
compassionate termination was carried out (Mihajlovic
et al., 2022). The abdominal cavity was then opened
(Pomacu et al., 2021).
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Measurement of Liver Tissue Malondialdehyde

Homogenized liver tissue from rats exposed to CCl,
was tested for MDA levels using the TBARS method
(Javed et al., 2023; B. Wang et al., 2022). Nearly two
hundred milligrams of liver tissue was harvested,
weighed, and cleaned with physiological saline after
anesthesia and termination. Tissue was ground up in 2
milliliters of pH 7.4 cold phosphate buffer solution
before being mixed with SDS, acetic acid, and
thiobarbituric acid (TBA) (Algefare et al., 2024; Dai et al.,
2021). The next stage was to heat the mixture in a water
bath for 20 minutes until it reached a temperature
ranging from 95 to 100 °C (Ogaly et al., 2022). After the
samples cooled, they were spun in a centrifuge at 3,000
rpm for 10 minutes. Following this, the absorbance was
measured at 532-535 nm relative to 1,1,3,3-
tetramethoxypropane (TEP) (Xue et al., 2020). The
results were quantified as nmol/g of liver tissue and
presented as the mean + SD for each group (Ouais et al.,
2023).

Histopathological Examination

After anesthesia, a1 x 1 x 1 cm specimen was taken
from the right hepatic lobe for histopathological
examination (Ogaly et al., 2022). After soaking in 10%
neutral buffered formalin for 24 hours, the specimen was
rinsed with physiological saline. After fixation, the
specimens were immersed in progressively higher
concentrations of alcohol to dry them (Pomacu et al.,
2021). They were then cleaned with xylene and
embedded in paraffin. Placing the paraffin blocks on
glass slides, they were then stained with hematoxylin
and eosin (HE) after being sectioned at a thickness of 4-
5 pm (Kabbashi et al., 2024). The animals were examined
under blindfolded circumstances using five high-power
fields under a 400x magnification microscope (Y. Wang
et al, 2025). An independent, single anatomical
pathologist reviewed the histopathological slides. In
order to reduce observer bias and maintain consistency
in scoring, the pathologist was blinded to group
allocation (Liu et al., 2025).

Hepatocellular necrosis, congestion, and
inflammatory cell infiltration were all analyzed
histopathologically and scored on a scale from 0 to 3 (J.
Li et al., 2021; Sarfo-Antwi et al., 2024). If the score was
0, it meant that the histology results were normal. The
severity of hepatocellular necrosis was determined by
three scores: 1 for mild damage affecting 1-10% of the
lobular area, 2 for moderate injury affecting 11-30% of
the lobular area, and 3 for severe injury affecting more
than 30% of the lobular area (Ren et al., 2021).
Congestion was scored on a scale from 1 (representing
minor sinusoidal or venous dilatation impacting less
than 25% of the field) to 3 (representing substantial
dilatation affecting more than 50% of the field) (Xu et al.,
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2022). With a score of 1, we have 1-10 inflammatory cells
per high-power field; with a score of 2, we have 11-30
cells per high-power field; and with a score of 3, we have
more than 30 cells per high-power field (Almeer et al.,
2019; Bedoui et al., 2024).

Statistical Analysis

It was decided to look at the quantitative data for
MDA in liver tissue using one-way ANOVA. Next came
Tukey's post hoc test (Dai et al., 2023; Xu et al., 2022).
times A Kruskal-Wallis test applicable to ordinal
histology was run. Bonferroni corrections were used to
fix pairwise comparisons in the Mann-Whitney U test
(Ogaly et al., 2022). SPSS version 25 was used for all of
our analyses, and statistical significance was defined as
p-values < 0.05. In contrast to ordinal variables (Jahan et
al., 2023), which are represented as median (min-max)
(Javed etal., 2023), continuous variables are expressed as
mean * standard deviation (Pomacu et al., 2021). The
Mann-Whitney U test with Bonferroni correction was
used to compare the two sets of data (Algefare et al.,
2024). We achieved significance with a p-value less than
0.05.13 We used SPSS 25.(B. Wang et al., 2022) for all of
our analyses. Mean + standard deviation (SD) was used
for continuous data, whereas median (minimum-
maximum) was employed for ordinal variables (Hasnat
et al., 2024).

Result and Discussion

Result
Liver Tissue Malondialdehyde Levels

The Shapiro-Wilk test confirmed normal
distribution of MDA levels across all groups (all p >
0.05), which allowed for further investigation using
parametric methods (Javed et al, 2023). One-way
ANOVA revealed significant differences among groups
(p <0.001), as shown in Table 1 (Algefare et al., 2024; Dai
et al., 2023). The CCl, control group (K2) exhibited the
highest MDA concentration (6.65 = 0.13 nmol/g) (B.
Wang et al, 2022). There was a dose-responsive
antioxidant activity, nevertheless, as treatment with
increasing doses of C. striata extract progressively
decreased MDA levels in liver tissue (Ogaly et al., 2022;
Xue et al., 2020).

Comparing the groups treated with extracts to the
CCl, control group revealed lower levels of
malondialdehyde (MDA), as shown in Table 1 (Johra et
al., 2023a). At 150 mg/kg body weight/day, there was a
decline of 4.05 + 0.13 nmol/g, reaching its maximum at
200 mg/kg body weight/day, with a decrease of 2.80
0.15 nmol/g (Alkinani et al., 2021; Dai et al., 2021). The
200 mg/kg/day group (K5) demonstrated the greatest
attenuation of lipid peroxidation, with MDA levels
approaching those of the normal control group (2.05 £
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0.16 nmol/g) although the difference remained
statistically significant (p < 0.05) (Kabbashi et al., 2024;
Ouais et al., 2023). These results indicate a dose-
responsive ameliorative effect on hepatic oxidative
stress.

Table 1. Liver Tissue Malondialdehyde Levels Across
Experimental Groups

MDA (nmol/g liver L
Group n tissue) meaﬁ +SD Significance
K1 Group 6 2.05+0.16 e
K2 Group 6 6.65+0.13 a
K3 Group 6 5.30+0.15 b
K4 Group 6 4.05+0.13 C
K5 Group 6 2.80+0.15 d

The results are revealed as the average plus or minus the
standard deviation. All groups were compared using one-way
ANOVA, which revealed a significant disparity (p < 0.001).
Statistically significant differences between groups are shown
by different letters based on Tukey's post hoc test (p < 0.05).

Histopathological Findings

Representative histopathological findings are
shown in Figure 1. The normal control group (K1)
exhibited preserved hepatic architecture without
evidence of necrosis, congestion, or inflammatory
infiltration (Sarfo-Antwi et al., 2024). In contrast, the
CCl, control group (K2) showed the most severe liver
damage, characterized by extensive hepatocellular
necrosis, marked congestion, and pronounced
inflammatory cell infiltration (J. Li et al., 2021; Ren et al.,
2021).

Treatment with Channa striata extract resulted in
progressive mitigation of these histological alterations
with increasing doses as illustrated in Figure 1 (Almeer
et al., 2019; Bedoui et al., 2024). The 100 mg/kg body
weight/day group (K3) showed liver damage compared
to (K2) (Xu et al., 2022). The 150 mg/kg/day group (K4)
demonstrated substantial recovery, while the 200
mg/kg/day group (K5) exhibited the mildest lesions,
with  histological features approaching normal
architecture (Liu et al., 2025; Y. Wang et al., 2025).

A semi-quantitative analysis revealed significant
differences in hepatocellular necrosis, congestion, and
inflammatory infiltration among the groups (all p =
0.001) as summarized in Table 2 (Liao et al., 2024; Zhou
etal., 2022). Median scores progressively decreased with
increasing extract doses, corroborating the
histopathological ~observation of dose-responsive
hepatic mitigation (Jahan et al., 2023; Munakarmi et al.,
2022). The 200 mg/kg/day group (K5) demonstrated the
lowest total histopathological score among all treatment
groups (median 2.0, range 1.0-3.0), compared to the CCl,
control group (median 8.5, range 8.0-9.0) (Chupradit et
al., 2022; Dai et al., 2023).
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Overall, the histological and biochemical results
were similar and complementary (J. Li et al., 2021; Wei
et al, 2021). The CCl, control group exhibited the
highest level of oxidative stress and the most severe
microscopic liver injury (B. Wang et al., 2022).

Conversely, the extract-treated groups showed a steady
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attenuation of hepatic MDA levels accompanied by
progressive amelioration of necrosis, congestion, and
inflammatory infiltration (Abdulkadir et al., 2024; Sarfo-
Antwi et al., 2024). The most pronounced mitigation of
liver injury was observed at a dose of 200 mg/kg body
weight/day.

‘7' lb{rff"
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Figure 1. Representative histopathological appearance of liver tissue in each experimental group. K1: normal control; K2: CCly
control; K3: CCly + Channa striata 100 mg/kg body weight /day; K4: CCly + Channa striata 150 mg/kg body weight /day; Kb5:
CCly + Channa striata 200 mg/kg body weight /day. (H: Hepatocyte; SN: Liver sinusoid; VC: Central vein; NK: Nuclear
Hepatocyte; KC: Kupffer Cell; C: Congestion; IR: Infiltration; N: Diffuse Necrosis; FN: Focal Necrotic). Representative findings
include preserved hepatocyte architecture in K1; marked hepatocellular necrosis, congestion, and inflammatory infiltration in
K2; and gradual histological improvement in K3-K5, with K5 exhibiting the mildest lesions. Hematoxylin-eosin staining at 400%
magnification

Table 2. Histopathological Scores of Liver Injury Across Experimental Groups
Necrosis median (min- Congestion median  Inflammatory infiltration median

Total score median

Group max) (min-max) (min-max) (min-max)
K1 Group 0 (0-0)a 0 (0-0)2 0 (0-0)a 0 (0-0)
K2 Group 3 (2-3)d 3 (2-3)d 3 (2-3)d 8.5 (8.0-9.0)d
K3 Group 2 (1-3)c 2.5 (2-3)c 2 (1-2)c 7.0 (6.0-8.0)¢
K4 Group 1.5 (1-2)b 2(1-2)0b 1(1-2)0 4.5 (3.0-6.0)t
K5 Group 1 (0-2)a 1 (1-2) 5 (0-1)ab 2.0 (1.0-3.0)ak
p-value 0.001 0.001 0.001 <0.001*

In this data set, the median (lowest to highest) is used for presentation. After that, the Kruskal-Wallis test was used to examine
the overall comparisons. Pairwise differences that are statistically significant, as determined by Mann-Whitney U tests with
Bonferroni correction (p < 0.05), are indicated by different superscript letters within the same column. Serious histopathological
damage is indicated by higher scores. The overall score is the result of adding the scores for necrosis, congestion, and
inflammatory infiltration.
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Discussion

This research showed that Channa striata extract
reduced MDA levels and minimized histopathological
liver damage on rats revealed carbon tetrachloride
(CCls) (Abdulgani et al., 2020, 2025; Lee et al., 2022). The
most pronounced effects were observed at a daily dose
of 200 mg/kg body weight. Groups receiving the extract
exhibited progressively lower MDA levels and
correspondingly lower scores for hepatocellular
necrosis, congestion, and inflammatory infiltration
(Algefare et al., 2024; Dai et al., 2023). These findings
suggest a dose-related ameliorative effect on established
liver injury rather than a single laboratory change
(Ogaly et al., 2022; B. Wang et al., 2022). The alignment
between oxidative stress markers and tissue-level
histology enhances the biological credibility of the
observed effects (Javed et al., 2023; Sharma et al., 2023).

These results align with the established
pathogenesis of CCls-induced liver injury (Venmathi
Maran et al, 2022; Weber et al., 2003). Hepatic
cytochrome P450 enzymes activate CCl,, producing
highly reactive radicals that cause lipid peroxidation,
membrane damage, and inflammatory amplification
(Hasnat et al., 2024; Johra et al., 2023a). Ultimately, this
results in hepatocellular necrosis and architectural
disruption (Chupradit et al., 2022; Jahan et al., 2023).
Malondialdehyde (MDA) is one of the most frequently
used indices of lipid peroxidation, and higher hepatic
MDA levels have been associated with CCl,-mediated
oxidative damage in rodents (Javed et al., 2023; Pomacu
et al,, 2021). The substantial increase in MDA levels
observed in the toxic control group, followed by a
progressive reduction across the three extract-treated
groups, aligns with the hypothesized injury-recovery
continuum of this model (Alkinani et al., 2021; Dai et al.,
2021).

The current findings are consistent with previous
open-access studies on natural substances tested in CCl,
liver injury models (J. Li et al., 2021; Wei et al., 2021). For
instance, a 2023 study in Scientific Reports on Ganoderma
lucidum found that CCl, exposure increased oxidative
stress and inflammation, while treatment reduced MDA
levels and alleviated histological abnormalities,
including inflammatory infiltration and structural injury
(Johra et al., 2023a). Similarly, recent experimental
investigations employing various natural products in
CCly, models have revealed a consistent pattern:
decreased hepatic MDA levels, enhanced endogenous
antioxidant balance, and reduced necrosis or
inflammatory alterations in histology following
treatment (Kabbashi et al., 2024; Ouais et al., 2023; Xiao
et al., 2025). Although these experiments employ many
agents, the consistency of results is notable (Algefare et
al., 2024; Dai et al., 2023). This suggests that the observed
reaction with C. striata is biologically plausible within a
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broader antioxidant-ameliorative context rather than
being an isolated or atypical finding (Ogaly et al., 2022;
Xue et al., 2020).

At the same time, this study offers a more specific
contribution (Lee et al., 2022). Prior literature on Channa
striatahas  primarily focused on inflammatory
conditions, wound healing, edema reduction, and tissue
repair outside the liver (Yulizal et al., 2020; Zawawi et
al., 2020). This study, however, directly examines toxic
oxidative liver injury with both hepatic MDA and
structured histopathology as outcomes (Abdulgani et
al.,, 2020). A 2022 systematic review by Lee et al.
concluded that C. striata exhibits promising anti-
inflammatory activity in various experimental and
clinical settings, including dermatitis, gastric lesions,
osteoarthritis, allergic rhinitis, and wound-related
conditions (Lee et al., 2022). However, the review also
emphasized that the underlying mechanisms are not
fully understood and that most studies employed crude
extracts rather than isolated active compounds (Lee et
al., 2022). This review is useful for interpreting these
findings (Munakarmi et al., 2022). While the review does
not directly establish hepatoprotection, it supports the
premise that C. striata contains bioactive constituents
capable of modulating inflammation and tissue injury in
vivo (Chupradit et al., 2022; Hasnat et al., 2024).

The histopathological findings of this study
support this interpretation (J. Li et al., 2021; Sarfo-Antwi
et al., 2024). The toxic control group exhibited the
highest scores for necrosis, congestion, and
inflammatory infiltration (Ren et al., 2021; Xu et al,,
2022). In contrast, the extract-treated groups showed
gradual improvement with increasing doses (Almeer et
al., 2019; Bedoui et al., 2024). This is significant because
histology reflects the combined effects of oxidative
damage, vascular disruption, and inflammatory cell
recruitment downstream (N. Li et al., 2024; Zhou et al,,
2022). The 200 mg/kg body weight/day group showed
most comparable microscopic profile to normal control
pattern when compared to 100 also 150 mg/kg body
weight/day groups (Liu et al., 2025, Y. Wang et al,,
2025). The dose-response relationship strengthens the
argument that the extract's effects were not random (Dai
et al., 2023; Ogaly et al., 2022).

Several ~mechanisms may wunderlie these
observations (N. Li et al., 2024; Zhou et al., 2022). Channa
striata contains albumin, amino acids, and fatty acids
that may contribute to antioxidant defense and tissue
repair (Abdulgani et al., 2020; Yulizal et al., 2020).
Systematic reviews further identify albumin and fatty
acids as key contributors to the fish's anti-inflammatory
activity, potentially through free-radical scavenging and
modulation of inflammatory pathways (Lee et al., 2022;
Zawawi et al., 2020). The manuscript also implicates
Nrf2-mediated antioxidant signaling and suppression of
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inflammatory mediators as potential mechanisms
(Munakarmi et al.,, 2022; Rahman et al, 2018). This
interpretation aligns with recent CCls-induced
hepatotoxicity studies, wherein effective ameliorative or
reparative interventions typically involve reducing
oxidative stress, mitigating pro-inflammatory signaling,
and preserving hepatic microarchitecture (Algefare et
al., 2024; Dai et al., 2021; B. Wang et al., 2022). However,
these mechanistic conclusions must be interpreted with
caution since the current investigation did not explicitly
evaluate antioxidant enzymes, cytokines, or Nrf2
pathway components (N. Li et al., 2024; Zhou et al,,
2022).

Not all past evidence regarding Channa striata is
uniformly favorable, and this complexity should be
acknowledged (Lee et al., 2022). Some clinical trials in
the systematic review indicated minimal or statistically
insignificant changes in inflammatory markers despite
improvements in symptoms or wound-related outcomes
(Lee et al., 2022). Others demonstrated more definitive
effects, depending on the model used, dosage, and
measured outcomes (Abdulgani et al., 2020, 2025;
Yulizal et al., 2020). This varied pattern is not inherently
contradictory (Venmathi Maran et al., 2022). Rather, it
implies that the impact of C. striata may depend on
context and be influenced by formulation, disease
model, method of administration, and selection of
endpoints (Weber et al., 2003; Xue et al., 2020). The
current study may have revealed more distinct effects
because it employed a carefully controlled experimental
toxicology model focusing on direct hepatic outcomes
rather than generalized systemic clinical markers (Dai et
al., 2023; Johra et al., 2023a).

The correspondence between reduced tissue MDA
and reduced histopathological severity strengthens the
reliability of interpretation (Kabbashi et al., 2024; Ouais
et al., 2023). Nonetheless, significant limitations must be
acknowledged (Jahan et al., 2023). Since the trial did not
include serum ALT and AST levels, it remains unclear
whether the tissue-level effect translates into improved
liver biochemistry in routine clinical assessments
(Chupradit et al., 2022; Hasnat et al., 2024). Additionally,
the study did not examine fibrosis-specific indicators or
molecular mediators (N. Li et al., 2024; Munakarmi et al.,
2022). Therefore, the findings should be viewed as
evidence of attenuation of CCl,-induced oxidative liver
injury rather than as evidence of antifibrotic efficacy or
reversal of advanced cirrhosis (J. Li etal., 2021; Ren et al.,
2021). This distinction is critical for ensuring that the
conclusions are proportionate to the measured outcomes
and for achieving publication quality (Abdulkadir et al.,
2024).

A further limitation is that the extract was
administered after the cessation of CCl, exposure
(weeks 7-8), whereas CCl, induction was completed at
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week 6. Therefore, the observed effects reflect reparative
mechanisms, specifically the mitigation of established
liver  injury, rather than true preventive
(hepatoprotective) activity. Future studies involving
concurrent administration of CCl, and the extract are
needed to determine whether the extract can prevent or
attenuate liver damage during ongoing toxic exposure
(Pandey et al., 2023; Ugwu et al., 2021). Additionally, the
absence of a positive control group, such as silymarin,
limits the comparative interpretation of the extract’s
efficacy because silymarin is widely used as a reference
agent in CCl-induced liver injury models (El-Kot et al.,
2023; B. Wang et al., 2022).

Briefly, the current data suggest that Channa striata
extract has ameliorative potential in rats previously
exposed to CCl,, as demonstrated by dose-dependent
attenuation of hepatic lipid peroxidation and mitigation
of histological damage (Lee et al., 2022). These results
align with the existing open-access literature on
oxidative liver injury and the broader anti-inflammatory
profile of C. striata (Dai et al., 2023; Fahrudin et al., 2020).
However, additional mechanistic and translational
research is necessary (J. Li et al., 2021; Zhou et al., 2022).
Future studies should incorporate serum liver enzymes,
antioxidant enzyme panels, inflammatory cytokines,
and pathway-level indicators to determine whether the
observed effects are primarily due to redox modulation,
inflammatory suppression, or a combination of bot
(Bedoui et al., 2024; Munakarmi et al., 2022; Rahman et
al., 2018).

Conclusion

Channa striata extract attenuates CCl,-induced
hepatic oxidative stress and tissue damage in rats, as
evidenced by  dose-dependent reduction in
malondialdehyde  levels and  mitigation  of
histopathological features, including reduced scores for
hepatocellular necrosis, congestion, and inflammatory
infiltration. The 200 mg/kg body weight/day group
demonstrated the most pronounced ameliorative effects
among the treatment groups. The current data suggest
that C. striata extract may reduce established CCl,-
induced hepatic oxidative stress and tissue injury.
However, since the study did not include serum liver
enzymes or molecular pathway analysis, further
research incorporating ALT, AST, antioxidant enzyme
profiles, inflammatory mediators, and mechanistic
markers is necessary before drawing broader
conclusions. Future studies with concurrent CCl, and
extract administration, as well as positive control
groups, are warranted to confirm the full therapeutic
potential of this natural product.
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