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Cerastes vipera venom attenuates CCL4-induced liver cirrhosis through
inhibition of oxidative stress and inflammatory cytokines in Rats
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ABSTRACT

Liver cirrhosis is a major health concern in Egypt due to the high prevalence of chronic viral hepatitis, driving the need for
effective therapeutic alternatives. Snake venoms contain diverse bioactive molecules with antioxidant and
anti-inflammatory properties, making them promising candidates for managing hepatic disorders. This study aimed to
evaluate the potential protective effect of Cerastes vipera venom extract (CVE) against CCls-induced liver cirrhosis in rats.
Adult male Wistar rats (160-200 g) were randomly assigned to four groups (n = 10): a healthy control, a healthy group
treated with CVE (0.978 mg/kg/day, i.p.), a CCls-induced cirrhosis group receiving CCls (0.5 mg/kg, i.p., twice weekly),
and a cirrhotic group treated with CVE for six weeks. Serum biochemical markers, hepatic oxidative stress parameters,
inflammatory cytokines, AFP, and liver histopathology were assessed to evaluate the extent of injury and the therapeutic
efficacy of CVE. CCls administration induced severe hepatic dysfunction, marked by significant elevations in liver
enzymes, increased lipid peroxidation, depletion of GSH, and decreased SOD, CAT, and GPx activities, alongside increased
inflammatory cytokines and AFP levels. CVE treatment significantly reversed these alterations by restoring total protein
and albumin levels, lowering serum liver enzymes, reducing MDA concentrations, replenishing GSH, and enhancing
antioxidant enzyme activities. CVE also suppressed inflammatory cytokines, normalized AFP levels, and markedly
improved hepatic histoarchitecture and fibrosis scores. CVE exhibits strong antioxidant, anti-inflammatory, and
hepatoprotective properties capable of mitigating CCls-induced chronic liver injury. These effects are likely mediated by
its bioactive proteins and peptides, highlighting CVE as a promising natural candidate for further exploration in the
management of toxic and fibrotic liver diseases
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INTRODUCTION

Environmental pollutants and chemical carcinogens are
major contributors to chronic liver disorders, including
fibrosis and cirrhosis. The liver is extremely susceptible to
toxic damage because it is the main organ for detoxification
and xenobiotic metabolism. This can result in cirrhosis,
fibrosis, steatosis, and hepatocellular cancer. Fibrosis
represents a critical, potentially reversible stage in chronic
liver disease, but without timely intervention, it often
progresses to cirrhosis and cancer (Du et al. 2025). While
genetic predisposition is important, modifiable factors such
as diet, physical activity, body weight, alcohol intake, sleep
quality, and mental health significantly influence disease
risk (Hydes et al. 2024; Palupi et al. 2024). Early detection
and targeted strategies, including lifestyle modification and
minimizing environmental exposures, are essential to
prevent progression (Yang et al. 2025). Global prevalence
estimates of cirrhosis vary widely, ranging from 0.1-1% in
population-based studies to 4.5-9.5% in autopsy/biopsy
studies, and up to 22.7% when considering all chronic liver
diseases (Han et al. 2022; Taheri et al. 2025). Alarmingly,

the number of cases has surged from 988 million in 1990 to
1.7 billion in 2021, largely driven by non-alcoholic fatty
liver disease (Du et al. 2025). Mortality remains substantial,
with over one million deaths annually, accounting for 2—
3.5% of global deaths (Abdelmageed and Giizelgiil 2023;
Dash et al. 2025).

Carbon tetrachloride (CCly) is a widely used hepatotoxin
for inducing liver injury in experimental models. Its toxicity
stems from reactive free radical generation, which impairs
antioxidant defenses, triggers lipid peroxidation, and
activates inflammatory pathways, leading to cytokine
release (TNF-a, IL-1fB, IL-6) (El-Kashef and Zaghloul
2022; Mitazaki et al. 2018). The interplay of oxidative
stress and inflammation drives tissue damage and
histological changes, including fatty degeneration, fibrosis,
necrosis, cirrhosis, and carcinogenesis (Li et al. 2021). Due
to its reproducibility and severity, the CCl,-induced fibrosis
model is a preferred tool for evaluating therapeutic agents
such as curcumin, silymarin, and diosgenin (Abo-Zaid et al.
2020; Song and Yu 2022; Tsai et al. 2008). It enables studies
on disease progression, biomarker identification (Fan et al.
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2015), and histopathology, with distinct lobular fibrosis
patterns, most severe in the median and right lobes (Yorozu
et al. 2004), providing insights into localized hepatic
damage.

Oxidative stress and inflammatory cytokines play a
significant role in both the progression and suppression of
liver cirrhosis. Oxidative stress is a major contributor to
liver cirrhosis, driving inflammation, fibrosis, and
hepatocellular carcinoma (HCC) (Allameh et al. 2023).
Excessive reactive oxygen species (ROS) disrupt redox
homeostasis, leading to lipid peroxidation, mitochondrial
dysfunction, and activation of inflammatory pathways (El-
Sehrawy et al. 2025). These processes promote hepatocyte
death, stimulate hepatic stellate cell activation, and increase
extracellular matrix deposition, hallmarks of fibrosis (L.
Lin et al. 2018). The interplay between oxidative stress and
inflammation creates a self-perpetuating cycle that
accelerates disease progression (J. Zhao et al. 2019).
Emerging evidence suggests that antioxidants can
counteract oxidative stress, preserve liver function, prevent
apoptosis, and facilitate the clearance of damaged
mitochondria, offering potential therapeutic benefits
against cirrhosis (L. Lin et al. 2018; Turkseven et al. 2020).
Pro-inflammatory cytokines such as TNF-a, IL-1, IL-6, and
IL-2 play a central role in liver cirrhosis by promoting
inflammation, hepatocyte necrosis, and fibrogenesis
(Mirodzhov and Pulatova 2023; Pratim Das and Medhi
2023). In contrast, anti-inflammatory mediators like IL-10
and adiponectin help suppress inflammatory responses and
protect hepatic tissue from damage (He et al. 2021).
Therefore, a comprehensive understanding of antioxidants
and cytokine regulation is crucial for investigating their
potential in the prevention and treatment of hepatic
cirrhosis.

Snake venoms are among the most studied animal venoms
and serve as a rich source for therapeutic research (El-Aziz
et al. 2019). They comprise complex mixtures of proteins,
peptides, and small molecules, including enzymes and non-
enzymatic components, with over 42 identified protein
families (Lopes Junior et al. 2024). Metalloproteinases
contribute to cytotoxic, neurotoxic, myotoxic, and
hematotoxic effects. While other venoms, such as those
from spiders, scorpions, and cone snails, also contain
bioactive molecules like antimicrobial peptides (Yu et al.
2020), snake venoms are better characterized and have been
utilized in both traditional medicine and modern drug
development (Diniz-Sousa et al. 2023). Cerastes vipera,
commonly known as the Saharan sand viper, belongs to the
family Viperidae within the order Squamata, class Reptilia,
and phylum Chordata. This small, nocturnal snake is highly
adapted to desert environments and is widely distributed
across Saharan regions, primarily inhabiting sandy and
dune ecosystems (Mochales-Riafio et al. 2024). Snake
venoms exhibit diverse pharmacological properties,
including immunomodulatory (Yacoub et al. 2018),
antioxidant (Karam and Mohamed 2021), and anticancer
effects (Aziz et al. 2022). Several species have shown
therapeutic potential in liver disease and cancer models,
improving liver function, reducing oxidative stress, and

lowering tumor burden. Venoms from vipers, cobras, and
sea snakes have demonstrated benefits in experimental
fibrosis, hepatocellular carcinoma, and ischemia-
reperfusion injury, highlighting their promise as sources for
novel therapeutic agents (Aziz et al. 2022; Feng-Tao et al.
2018; Karthikeyan et al. 2007; J.-Y. Kim et al. 2017; Park
etal. 2011).

Liver cirrhosis remains a major global health challenge with
limited effective therapies. Exploring bioactive compounds
from natural sources offers a promising alternative to
conventional treatments. Snake venoms, known for their
diverse  pharmacological properties, represent an
underexplored resource in hepatoprotective research. This
study aims to assess the potential of Cerastes vipera venom
(CVE) as a novel anti-cirrhotic agent by evaluating its
ability to mitigate carbon tetrachloride (CCly)-induced
hepatic cirrhosis in male rats.

MATERIALS AND METHODS

Chemicals

Olive oil and carbon tetrachloride (CCl,) were procured
from Sigma-Aldrich (St. Louis, MO, USA). Following the
procedure outlined by El-Fakharany et al. (2025), CCl, was
diluted in olive oil and injected intraperitoneally twice a
week at a dose of 0.5 mg/kg body weight to cause hepatic
cirrhosis.

Crude Venom Collection:

Adult Cerastes vipera snakes were captured from their
natural habitat by licensed Egyptian hunters. The procedure
outlined by Willemse et al. (1979) was used to extract
venom. In short, a rubberized synthetic membrane stretched
over the mouth of a sterile glass beaker was used to induce
the snake's fangs to bite while its head was gently
restrained. The collected venom was subsequently filtered,

lyophilized, and stored at 4 °C until use. A BCA Protein

Assay Kit (Pierce Biotechnology, USA) was used to
measure the protein concentration.

Animals

Adult male albino rats (160-200 g) have been sourced from
the animal facility of the National Research Centre, Egypt.
Animals were housed under controlled conditions

(temperature: 25 £ 1 °C; light/dark cycle: 12/12 h) with ad

libitum access to standard chow and water. A one-week
acclimatization period was provided before the experiment.
All procedures complied with institutional guidelines for
the care and use of laboratory animals and were approved
by the Ethics Committee of the Faculty of Science, Al-
Azhar University, Assiut.

Experimental Design

The effects of CCl, and Cerastes vipera venom (CVE) on
oxidative stress, hepatic injury, liver enzyme activity, and
antioxidant status have been assessed in male rats. Rats
were randomly assigned into four groups (n=10 per
group): Group 1 (Control): Healthy rats without treatment.
Group 2 (CVE): Healthy rats receiving intraperitoneal
injections of Cerastes vipera venom (0.978 mg/kg) daily for
six consecutive weeks. Group 3 (CCly): Rats with CCl,-
induced cirrhosis (0.5 mg/kg, intraperitoneally, twice
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weekly) serving as positive controls. Group 4 (CCl, +
CVE): Cirrhotic rats treated with CVE (0.978 mg/kg) for
six weeks.

Blood and tissue sampling

Rats have been weighed and fasted for the entire night at
the finale of the treatment duration (6 weeks). Sodium
pentobarbital (9.1 mg/kg, diluted in sterile 0.9% NaCl,
intramuscularly) was used to induce anesthesia. Sterile,
heparinized glass capillaries were used to draw blood
samples from the retro-orbital plexus. After centrifuging the
samples at 100 RCF for 10 minutes at 4 °C, the separated
sera became aliquoted and kept at -80 °C for further
biochemical analyses. After blood collection, the animals
had been sacrificed, and their livers were removed. Each
liver was divided into two parts: one was preserved in 10%
neutral buffered formalin for histopathological study, while
the other was rinsed with saline, wrapped in aluminum foil,
and stored at -80°C for biochemical assays.

Tissue homogenization

A portion of the liver tissue had been homogenized
ultrasonically in ice-cold phosphate buffer (50 mM, pH 7.4)
to prepare a 10% (w/v) homogenate. The homogenate had

been centrifuged at 5000 rpm for 20 min at 4°C to remove
nuclear and mitochondrial debris. The resulting supernatant
was aliquoted and stored at —80 °C until biochemical

analyses were performed.

Biochemical determinations

Spectrophotometric measurements were made of serum
biochemical parameters. Following the manufacturer's
instructions, commercially available reagent kits (DiaSys
Diagnostic Systems GmbH, Germany) have been utilized to
measure the activities of alanine aminotransferase (ALAT),
aspartate aminotransferase (ASAT), alkaline phosphatase
(ALP), and y-glutamyl transferase (GGT), as well as serum
levels of albumin, total protein, and total bilirubin.
Oxidative stress markers of hepatic tissue

Rat-specific ELISA kits (SinoGeneClon Biotech Co., Ltd.,
Hangzhou, China) had been used to measure hepatic
oxidative stress biomarkers, such as superoxide dismutase
(SOD), reduced glutathione (GSH), catalase (CAT), nitric
oxide (NO), and malondialdehyde (MDA). An ELISA
microplate reader (Dynatech MR 5000, Midland, ON,
Canada) was used to obtain absorbance readings, and all
measurements were carried out in accordance with the
manufacturer's instructions.

Cytokines and o-FP Assays

Alpha-fetoprotein (a-FP), interleukin-13 (IL-1f), and
tumor necrosis factor-a (TNF-a) have been detected in
serum using rat-specific ELISA kits (SinoGeneClon
Biotech Co., Ltd., Hangzhou, China). An ELISA microplate
reader (Dynatech MR 5000, Midland, ON, Canada) was
used to measure absorbance, and all assays were carried out
in compliance with the manufacturer's guidelines.
Histopathology

To maintain the integrity of tissue structure, liver samples
were promptly preserved in 10% neutral buffered formalin
for a duration of 24 to 48 hours. Following fixation, the
tissues underwent dehydration via a series of graded ethanol
solutions, were subsequently cleared in xylene, and were
then embedded in paraffin. A rotary microtome facilitated
the sectioning of paraffin blocks at a thickness of 4-5 um.
For a preliminary histological examination, the sections
were mounted on glass slides, deparaffinized, rehydrated,
and subsequently stained with hematoxylin and eosin
(H&E). The stained slides were then examined under a light
microscope to assess hepatic architecture, inflammatory
infiltration, cellular degeneration, fibrosis, and other
pathological alterations.

Statistical analysis

Statistical analysis was performed using the statistical
analysis system (SAS) software program (copyright 1998
by SAS Institute Inc., Cary, NC, USA). All data were

expressed as mean % standard error of the mean (SEM). The
normality of data distribution was evaluated using the
Shapiro-Wilk test.
analyzed using one-way analysis of variance (ANOVA),

Differences among groups were

followed by Tukey’s post hoc test for multiple comparisons.
A p-value <0.05 was considered statistically significant.

RESULTS

Serum levels of TNF-a, IL-1f, and a-fetoprotein (a-FP)
have been markedly elevated in rats subjected to CCl,
exposure relative to the control cohort, thereby suggesting
robust inflammatory and hepatic injury responses. When
compared to the CClg-only group, the concurrent
administration of Cerastes vipera venom (CVE) with CCl,
resulted in a significant reduction of these inflammatory
cytokines and the tumor marker o-FP. These findings
collectively demonstrate that CVE possesses anti-
inflammatory and hepatoprotective characteristics in the
context of CCly-induced liver cirrhosis (Figure 1).
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Figure 1. Serum levels of TNF-a, IL-18, and a-fetoprotein (a-FP) in control rats, CCls-induced cirrhotic
rats, and rats treated with CVE. Data are presented as mean £ SEM (n=10). * p <0.05 vs. control group;

#p <0.05 vs. CClg-induced cirrhosis group. CCly,, carbon tetrachloride; CVE, Cerastes vipera venom
extract.

When contrasted with the control group, the data in Table 1 reveal that the administration of CVE alone did not alter the
serum activities of ASAT, ALAT, or ALP. Rats exposed to CCl,, on the other hand, showed a marked increase in all four
enzyme activities, indicating severe hepatic damage. The increases in these liver enzyme markers caused by CCl, were
considerably lowered by co-treatment with CVE, indicating an obvious defense against CCl,-mediated hepatic dysfunction.
Similarly, Table 1 shows that CCl, administration caused a considerably lowered in serum total protein and albumin levels
compared with the control group, indicating impaired hepatic synthetic function. In contrast, rats treated with CVE
alongside CCl, exhibited a marked restoration of both total protein and albumin concentrations, approaching values
observed in the normal control group. This improvement highlights the ability of CVE to counteract CCl,-induced
suppression of liver protein synthesis.
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Table 1. Serum liver function markers in control, CCl-intoxicated, and CVE-treated male albino rats.

Control CVE CCly CCl ~ CVE
ALAT (U/L) 41.2+2.8 41.345.1 89+6.31° 42.3+1.6"
ASAT (U/L) 113.846.6 109.3+8.9 209.2+14.6" | 148.5+18.7*
ALP (U/L) 129.2+18.2 125.5+7.7 273.548.1" 142.4+7.2*
Albumin (g/dl) 3.29+0.09 3.310. 11 2.73+0.14" 3.08+0.06"
Total protein (g/dl) 5.86+0.08 5.87+0.057 4.54+0.13" 5.8+0.14"
Total bilirubin (mg/dl) 0.28+0.02 0.28+0.011 0.87+0.032° | 0.28+0.024"
Direct bilirubin (mg/dl) | 0.074+0.005 0.072:£0.005 0.171£0.012" | 0.081+0.007*

Data are presented as mean £ SEM (n= 10). * p <0.05 vs. control group; # p <0.05 vs. CCl,-induced cirrhosis group. CCly,

carbon tetrachloride; CVE, Cerastes vipera venom extract.

Table 2 demonstrates that CCl, intoxication resulted in a considerably increase in hepatic MDA and NO levels,
accompanied by a pronounced reduction in GSH, SOD, and CAT activities compared with the control group, indicating
severe oxidative stress. Notably, co-treatment with CVE considerably lowered the increases in MDA and NO caused by
CCl, while significantly returning GSH content and SOD and CAT activities to normal levels. These results point to CVE's
potent antioxidant and free-radical-scavenging capabilities in liver tissue under CCl, challenge.

Table 2. Hepatic levels of malondialdehyde (MDA), nitric oxide (NO), reduced glutathione (GSH), superoxide

dismutase (SOD), and catalase (CAT) in control, CCl,-intoxicated, and CVE-treated male albino rats.

Control CVE CCly CCly ~CVE
MDA (umol/g tissue) 9.61£1.2 9.6+0.92 115.3+18.9" 34.9+2.0%
NO (umol/g tissue) 143.3+3.05 138.08+9.1 316.72+£5.22° 179.8+17.5*
GSH (nmol/g tissue ) 2158.44246.1 | 24861465 667+33" 2375+260%
SOD (U/g tissue) 421.4+59.2 412.05+6.9 195.8428.1" 399.7+85.92*
CAT (U/g tissue) 41.8+2.4 42.1£1.08 9.15+0.94" 26.9+3.0%

Data are presented as mean * SEM (n=10). * p<0.05 vs.

control group; #p <0.05 vs. CCls-induced cirrhosis group.
CCly, carbon tetrachloride; CVE, Cerastes vipera venom
extract.

Histopathological examination:

Histopathological examination of liver sections from the
control group showed normal hepatic architecture, with
radiating hepatic cords, intact hepatocytes, and a clearly
defined central vein (Figure 2A). The CVE-treated group
had histological characteristics akin to the control animals,
but there were no discernible degenerative or inflammatory
alterations (Figure 2B and C). In contrast, liver tissues from
CCl,-intoxicated rats exhibited pronounced pathological
alterations (Figure 2D). These included hepatocellular

degeneration, ballooning of hepatocytes, inflammatory cell
infiltration around the central vein, and disruption of the
hepatic cords. Marked cytoplasmic vacuolation and
increased nuclear abnormalities were also evident,
indicating severe hepatocellular injury. Importantly, these
histopathological lesions were significantly improved when
CVE and CCl, were administered together (Figure 2E and
F). In comparison to the CCl, group, the hepatic cords
showed less inflammatory infiltration, fewer degenerative
hepatocytes, and greater organization. The central vein
structure was partially restored, and most hepatocytes
showed nearly normal morphology. These enhancements
show that CVE has a strong hepatoprotective effect against
hepatic damage caused by CCly,.
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CVE + CCl-treated rats (H&E stain). (A-C) Liver sections from control and CVE-treated rats showing normal
hepatic architecture with a well-defined central vein (CV) and regularly arranged hepatocytes (HC). (D)
CClg-intoxicated rats exhibiting severe histopathological alterations, including hepatocellular degeneration,
inflammatory cell infiltration, cytoplasmic vacuolation, and disruption of hepatic cords. (E-F) Liver tissues from
rats co-treated with CVE and CCl, displayed marked improvement, with reduced degeneration and

inflammation, more organized hepatic cords, and restoration of hepatocyte morphology. Scale bar =10 pm

DISCUSSION

A common model for simulating the pathophysiology of
human liver cirrhosis uses animals with hepatic cirrhosis
caused by CCly (Fortea et al., 2018). The findings of the
current study clearly demonstrate that CVE venom therapy
possesses substantial hepatoprotective, anti-inflammatory,
and antioxidant activities against CCls-induced liver
cirrhosis in rats. Serum TNF-a, IL-1, and a-fetoprotein (a-
FP) were all significantly elevated after CCl,
administration, as was to be expected. ALT, AST, ALP, and
GGT levels were also significantly elevated, indicating
severe hepatocellular injury and inflammatory activation.
These changes are in line with the well-established
hepatotoxic mechanisms of CCl,, which include disruption
of hepatocyte membrane integrity, lipid peroxidation, and
the production of free radicals. The validity of our findings
is further supported by earlier research (El-Fakharany et al.
2025; El-Kashef and Zaghloul 2022; Mitazaki et al. 2018)
that reported similar patterns of elevated liver enzymes and
inflammatory mediators in CCl,s-intoxicated rats. CCl4-
induced oxidative stress and inflammation may be the cause
of increased serum enzyme levels (Ogaly et al. 2022).

The  recognized mechanisms of  CCly-induced
hepatotoxicity are reflected in the disturbance of hepatic
architecture in rats treated with CCl,. Metabolic activation
of CCl, by hepatic cytochrome P450 enzymes generates
highly reactive trichloromethyl and
trichloromethyl-peroxyl radicals, which initiate extensive
lipid peroxidation and oxidative stress (Algefare et al. 2024;
Mondal et al. 2023). Hepatocytes become structurally and
functionally disrupted as a result of this oxidative burden,

which destroys lipids, proteins, and DNA (Ismail et al.
2016). Major injury-related signaling pathways are also
activated by CCl,. While MAPK components (ERK, JNK,
and p38) increase cellular stress and fibrogenic responses
(Lee et al. 2023), NF-kB increases pro-inflammatory
cytokines (Almohaimeed et al. 2023; X. Lin et al. 2022).
Extracellular matrix production is further enhanced by
TGF-B/Smad activation (Almohaimeed et al. 2023).
Additionally, oxidative circumstances attract PI3K/Akt,
which affects the results of inflammation and apoptosis (X.
Lin et al. 2022). On the other hand, although it is first
inhibited and then reactivated as a compensatory reaction,
Nrf2 offers antioxidant defense (Lee et al. 2023). Toll-like
receptors, particularly TLR4 and TLRS, enhance
inflammation via the activation of NF-kB and MAPK
pathways (Chen et al. 2021; Yan et al. 2019). These
processes collectively contribute to the significant liver
damage caused by CCl,.

The marked reduction in pro-inflammatory cytokines and
a-FP levels in rats treated with CVE demonstrates its strong
anti-inflammatory and hepatoprotective effects against
CCly-induced injury. This protection likely involves
coordinated suppression of inflammatory mediators,
attenuation of fibrogenic pathways, enhancement of
antioxidant defenses, and improvement in hepatic function.
These findings align with previous evidence showing that
several snake venoms possess therapeutic potential; for
instance, Agkistrodon halys venom reduced IL-18 and
TNF-a in CCl,-induced cirrhosis (Chang et al. 2005), while
Crotalus helleri venom preconditioning inhibited the
PLA2/COX-2 pathway in experimental brain injury (C. H.
Kim et al. 2017). Additional studies report

*Author for Correspondence: Hamada Goda.
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anti-inflammatory and immunomodulatory actions of C.
cerastes venom in rheumatoid arthritis and schistosomiasis
models (Mahdy et al. 2025; Soliman et al. 2023).
Collectively, these results highlight the broad biological
activity of snake venoms and support CVE as a promising
source of bioactive molecules capable of mitigating toxic
and inflammatory liver damage.

In the present study, CVE demonstrated a notable
hepatoprotective effect against CCly-induced liver injury, as
evidenced by the marked reduction in the elevated activities
of AST, ALT, GGT, and ALP. In this context, the current
work explored the potential of crude CVE as a candidate for
mitigating cirrhosis-related liver injury. Although certain
venom constituents have been proposed to modulate
fibrogenic pathways and may hold promise for managing
liver fibrosis or cirrhosis, such effects do not necessarily
equate to direct normalization of liver enzyme markers (Al-
Asmari et al. 2017; Chang et al. 2005; Ghosh et al. 2018).
Nonetheless, the observed biochemical improvements in
this study indicate that CVE possesses bioactive
components capable of attenuating hepatocellular damage
induced by CCl,.

Exposure to CCl, substantially decreases serum albumin
and total protein levels, indicating its severe hepatotoxic
effects and the ensuing impairment of hepatic synthetic
capacity (Hsu et al. 2022; Wei et al. 2022). The decrease in
total protein results from oxidative stress and lipid
peroxidation brought on by CCl,, which damages
hepatocytes and obstructs normal protein synthesis,
upsetting cellular homeostasis (Wong et al. 2011).
Similarly, because albumin synthesis is extremely sensitive
to hepatocellular damage, the liver's reduced capacity to
produce this vital plasma protein is responsible for the
notable drop in serum albumin (Nakatsuka et al. 2007).
Together, these biochemical changes show significant
hepatic dysfunction and demonstrate how sensitive protein-
synthesis markers are to oxidative and inflammatory liver
damage. The present findings suggest that CVE may
beneficially modulate serum albumin and total protein
levels, indicating a potential therapeutic role in liver
cirrhosis, where protein synthesis is impaired. This aligns
with previous evidence demonstrating that C. cerastes
venom improved hepatic function in a rat model of
hepatocellular carcinoma, where treatment elevated total
protein and albumin levels, enhanced antioxidant enzyme
activity, and ameliorated liver histopathology (Aziz et al.
2022). In experimental models, Agkistrodon halys pallas
venom  preparation significantly = improved liver
biochemistry, reduced fibrosis indices, increased bile
secretion, and restored hepatic microcirculation, key
processes essential for maintaining effective protein
synthesis (Chang et al. 2005). Collectively, these studies
support the potential of specific snake venom components,
including CVE, as promising candidates for improving liver
function and counteracting the protein-synthetic deficits
associated with chronic hepatic injury.

CCly exposure markedly elevated MDA levels, and a
marked decrease in the activities of important antioxidant
enzymes, such as SOD and CAT, is indicative of this

oxidative challenge (Algefare et al. 2024; Xu et al. 2021).
Because its biotransformation by cytochrome P450,
especially CYP2E1, produces trichloromethyl and
trichloromethyl peroxy radicals that start extensive lipid
peroxidation, exposure to CCl, significantly impairs
hepatic antioxidant defenses (Al-Dalaen et al. 2016;
Algefare et al. 2024). The liver's ability to neutralize
reactive oxygen species is compromised by the decrease in
these enzymatic activities, which exacerbates cellular
damage. Reduced GSH, a key non-enzymatic antioxidant
necessary for preserving redox homeostasis and assisting
GPx-mediated detoxification of hydrogen peroxide, is
significantly depleted concurrently with CCl, intoxication
(Login et al. 2015). The severity of CCl,-induced oxidative
stress and its critical role in hepatocellular damage are
highlighted by the combined suppression of enzymatic and
non-enzymatic antioxidant components.

On the other hand, the administration of CVE venom extract
significantly increased the activities of major antioxidant
enzymes, such as SOD, GPx, and catalase. It restored
hepatic GSH concentrations, indicating a strengthened
endogenous defense system that can counteract damage
caused by free radicals. The current results show that CVE
has an opposing, protective effect under CCl-induced
toxicity, as demonstrated by the significant reduction in
lipid peroxidation and stabilization of hepatic cellular
structure, even though some snake venoms can cause
oxidative stress by increasing ROS generation and lipid
peroxidation (Al-Quraishy et al. 2014; Aziz et al. 2022).
This increase in antioxidants is in line with previous
findings that CVE contains strong bioactive proteins and
peptides that contribute to its hepatoprotective effectiveness
(El-Bitar 2018). Furthermore, research on other species
supports the antioxidant-modulating potential of snake
venoms. For instance, in a myocardial injury model,
Agkistrodon halys venom extract was shown to increase
SOD activity and suppress oxidative biomarkers, further
demonstrating the capacity of venom-derived compounds
to modify redox homeostasis (Wang et al. 2019). All these
results highlight CVE's ability to boost hepatic antioxidant
defenses and validate its potential as a treatment option for
oxidative liver damage caused by CCly,.

The biochemical and inflammatory data are structurally
confirmed by histopathological findings. Rats that were
intoxicated with CCl, showed signs of cirrhosis, such as
ballooned hepatocytes, central venous congestion,
significant inflammatory infiltration, and hepatic cord
disruption. These findings are consistent with previous
research (Al-Quraishy 2014; Li et al. 2021; Abo-Zaid et al.
2020; Song and Yu 2022). CVE treatment significantly
ameliorated these lesions, resulting in improved hepatic
architecture, reduced inflammatory infiltration, and
restoration of normal hepatocyte morphology. Numerous
investigations have examined the impact of snake venom
and its constituent elements on hepatic damage and
oxidative stress (Fu et al. 2024; Lian et al. 2022). Certain
components of snake venom, like phospholipase A, (PLA;)
inhibitors, have been shown in some studies to reduce liver
damage. Varespladib, a PLA, inhibitor, for example, has
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been demonstrated to mitigate acute liver injury caused by
Naja atra by lowering oxidative stress and blocking
pathways that result in ferroptosis and mitochondrial
dysfunction (Liu et al. 2025; W. Zhao et al. 2024). Similarly,
it has been discovered that natural inhibitors from
Sinonatrix annularis prevent liver damage caused by venom
by lowering apoptosis and oxidative stress (Fu et al. 2024;
Lian et al. 2022). These studies may offer valuable
perspectives regarding the potential protective mechanisms
against carbon tetrachloride (CCly)-induced oxidative
injury.

When considered collectively, the results of this study
demonstrate how CVE can counteract important
pathological processes such as oxidative stress,
inflammation, hepatocellular damage, and impaired protein
synthesis that are involved in CCl-induced liver cirrhosis.
The hepatoprotective potential of CVE is strongly
supported by the convergence of biochemical, molecular,
and histological evidence. The current evidence indicates
that the venom contains substances with potential
therapeutic value against chemically induced liver injury,
even though the specific bioactive components causing
these effects are still unknown.

CONCLUSION

The present study provides an initial and compelling
indication of the therapeutic potential of Cerastes vipera
venom extract in ameliorating hepatic cirrhosis. The
findings of this study demonstrate that Cerastes vipera
venom extract (CVE) exerts significant hepatoprotective
effects against CCl,-induced liver cirrhosis through its
potent antioxidant, anti-inflammatory, and antifibrotic
activities. CVE markedly improved biochemical markers of
liver function, restored hepatic antioxidant capacity,
suppressed lipid peroxidation and inflammatory mediators,
and enhanced histological architecture. These protective
actions are likely attributed to the bioactive proteins and
peptides within the extract, which collectively counteract
oxidative stress and support tissue repair. Overall, CVE
shows promising therapeutic potential as a natural
candidate for mitigating toxic and fibrotic liver injury,
warranting further investigation into its active constituents
and clinical applicability.
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