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Abstract

Background: Liver cirrhosis, a chronic and progressive liver disease, represents the end-stage of several hepatic injuries,
characterized by widespread fibrosis, nodule formation, and ultimately, liver dysfunction and failure. Existing treatments often
focus on managing complications rather than addressing the underlying pathological processes, which underscores the need
for safer, potentially alternative therapeutic agents.

Objectives: The present work was performed to assess the ameliorative mechanisms and hepatoprotective properties of
rosiridin against thioacetamide-induced liver cirrhosis in experimental rats.

Materials and Methods: Liver cirrhosis was experimentally induced in rats by administering 200 mg/kg of thioacetamide thrice per
week for 2 months. Rosiridin and silymarin were administered to the rats for 2 months. After treatments, liver dysfunction markers
and biochemical parameters were evaluated in the experimental rats. The concentrations of inflammatory and oxidative stress mark-
ers were evaluated in the experimental rats. The liver tissues were obtained and underwent histopathological assessments.

Results: The present findings demonstrate that rosiridin treatment markedly reduced liver dysfunction markers and regu-
lated serum biochemical markers in thioacetamide-induced rats. Furthermore, the treatment with rosiridin considerably
reduced the pro-inflammatory cytokine levels and oxidative stress markers, while enhancing the antioxidant concentrations
in the thioacetamide-induced rats. In addition, histopathological analysis revealed that rosiridin ameliorated histopathological
alterations in thioacetamide-induced rats.

Conclusion: The findings of this work indicated that rosiridin markedly ameliorated the development of thioacetamide-trig-
gered liver cirrhosis in rats. These findings highlight that rosiridin may serve as a promising treatment agent for liver cirrhosis.
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global health burden posed by cirrhotic disease, pharmacologi-
cal interventions to prevent or reverse hepatic fibrosis remain
limited, thereby underscoring the critical need for a more com-
prehensive elucidation of the molecular mechanisms driving
hepatic fibrogenesis (Devarbhavi et al., 2023). The sustained
liver injury, regardless of its etiology, drives chronic inflamma-
tion and progressive fibrosis, which are the hallmarks of cir-
rhosis. While the etiology of cirrhosis is multifactorial,
including chronic viral hepatitis, alcohol, and non-alcoholic
steatohepatitis, the common pathway converges on a progres-
sive accumulation of fibrotic tissue. This advanced stage of
liver disease is a foremost global cause of mortality, account-
able for nearly 1.3 million mortalities (Huang et al., 2023).

The intricate biochemical conversions occurring in the
liver, particularly those involving xenobiotics, significantly
increase reactive oxygen species (ROS) production, which
are critical mediators of hepatocellular damage. These liber-
ated radicals, often produced by hepatotoxins such as thio-
acetamide, can induce severe cellular damage, progressing
from centrilobular hepatic necrosis to widespread cirrhosis
with chronic exposure. Drug-induced liver injury is a signifi-
cant subset of acute liver injury, often resulting from the liv-
er’s attempt to metabolize drugs into more excretable forms,
a process that can inadvertently generate toxic metabolites
(Gines et al., 2021). This phenomenon can manifest as an
unpredictable idiosyncratic reaction or as a predictable conse-
quence of intrinsic drug toxicity, encompassing a wide range
of hepatic lesions. Such injuries can range from mild, asymp-
tomatic increases in liver enzymes to serious liver failure,
often necessitating a thorough understanding of the underly-
ing mechanisms to identify risk factors and develop effective
therapeutic strategies (Tapper et al., 2022).

While liver transplantation remains the definitive treatment
for advanced cirrhosis, its widespread application is limited by
organ scarcity and the intensive post-operative care required.
Despite improvements in managing complications, current phar-
macological interventions largely address symptoms rather than
the underlying fibrotic process. Despite significant advances in
understanding the molecular mechanisms underlying hepatic
fibrogenesis, effective pharmacological strategies to prevent or
reverse this process remain elusive (Zheng et al., 2024). Existing
treatments often focus on managing complications rather than
directly addressing the underlying pathological processes of
fibrosis and nodule formation. Therefore, there is an urgent need
to develop safer, more effective alternative therapeutic agents
that can specifically target fibrotic pathways and potentially
reverse the damage in cirrhotic livers (Yoshiji et al., 2021).
Rosiridin is a bioactive monoterpene compound derived from
the plants Rhodiola rosea and Rhodiola sachalinensis, exhibit-
ing significant monoamine inhibitory properties and being
advantageous for the treatment of depressive episodes and early-
stage dementia (van Diermen et al., 2009). Several previous
studies reported that rosiridin showed neuroprotective properties
against a Parkinson’s disease model (Rafeeq et al., 2025), anti-
Huntington’s disease effects (Afzal et al., 2022), and ameliorated

memory impairments in AlCl;-induced rats (Algarni et al.,
2024). Furthermore, rosiridin also demonstrated anti-diabetic
activity (Kazmi et al., 2025a), antioxidant activity (Lee et al.,
2000), and nephroprotective activity against cisplatin-induced
renal toxicity (Kazmi et al., 2025b). Nevertheless, no study has
been undertaken on the effect of rosiridin on liver toxicity and
liver cirrhosis induced by thioacetamide. This research aims to
examine the hepatoprotective potential of rosiridin against thio-
acetamide-induced liver injury and cirrhosis in rats.

Materials and Methods
Chemicals

The major chemicals used in this study, such as rosiridin
(>90%), thioacetamide, and others, were obtained from
Sigma-Aldrich, USA. The assay kits for estimating biochemi-
cal markers were purchased commercially from Abcam and
Elabscience, USA, respectively.

Experimental Rats

Six- to eight-week-old Sprague Dawley rats weighing 180—
200 g were acquired from the institutional animal house.
Animals were treated humanely and kept in accordance with
the Animal Research: Reporting of In Vivo Experiments
(ARRIVE) guidelines, and their regular circadian rhythms
were maintained during the investigation. All animals were
caged in wire-bottomed cages at 25°C + 2°C, on a 12-h light—
dark cycle, fed a standard pellet diet, and provided tap water.
They were also kept in a room with a humidity range of 50%-—
60%. The present study was approved by the ethical commit-
tee of Affiliated Hospital of Hebei University, China.

Experimental Groups

Rats were distributed randomly into five experimental groups
of six animals each. The control group (Group I) was given
distilled water (5 mL/kg) daily and received intraperitoneal
administrations of 10% Tween-20 as a vehicle thrice a week
for 2 months. To create the liver cirrhosis model (Group II),
thioacetamide (200 mg/kg) was given intraperitoneally three
times a week for 2 months. They were also given an oral dose
of vehicle Tween-20 daily. Groups III and IV rats received
rosiridin orally at a dosage of 10 and 20 mg/kg daily, and
three intraperitoneal administrations of 200 mg/kg of thio-
acetamide each week for 2 months. Group V rats received
daily oral treatment of silymarin at a 50 mg/kg dosage, along
with thioacetamide administration, as described in Group II.
Rats were given ketamine (50 mg/kg) and xylazine (5 mg/kg)
anesthesia at the end of the treatments after fasting for 24 h.
The jugular vein was used to extract blood, which was then
utilized for biochemical assays. The liver tissues were col-
lected immediately and utilized for further biochemical and
histological studies.
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Analysis of Biochemical Marker Levels

A commercial test kit was used to assess the liver dysfunction
marker enzymes, namely, alkaline phosphatase (ALP), ala-
nine transaminase (ALT), aspartate transaminase (AST), and
gamma-glutamyl transferase (GGT), in the serum of experi-
mental rats, following the manufacturer’s instructions
(Abcam, USA). The concentrations of albumin, globulin,
total bilirubin, and total protein in rat serum were assessed
using commercial test kits according to the manufacturer’s
specifications (Elabscience, USA).

Analysis of Oxidative Stress Markers

Using commercial test kits, the levels of oxidative stress biomark-
ers such as catalase (CAT), glutathione peroxidase (GPx), super-
oxide dismutase (SOD), and malondialdehyde (MDA) were
examined in the liver tissue homogenates of the experimental rats.
In accordance with the manufacturer’s recommended procedures,
the tests were carried out in triplicate (Abcam, USA).

Analysis of Inflammatory Marker Levels

The concentrations of inflammatory cytokines, including inter-
leukin (IL)-10, IL-6, and tumor necrosis factor-alpha (TNF-a),
in the serum of experimental rats were examined using commer-
cially available test kits. The tests were conducted in triplicate as
per the manufacturer’s specifications (Elabscience, USA).

Histopathological Analysis

The collected liver tissue samples were processed with a 10%
neutral formalin solution to evaluate the changes in their tis-
sue architecture. Following paraffinization, the liver tissues
were cut into 5-um-diameter slices and stained with eosin-
hematoxylin. Finally, a microscope was used to examine liver
tissue to assess histopathological alterations.

Statistical Analysis

GraphPad Prism software was used to analyze the values, and
the results are presented as the mean + SD of triplicates. One-
way analysis of variance (ANOVA) and Duncan’s Multiple
Range Test (DMRT) analyses are used to examine the data,
with a significance threshold of p < .05.

Results

Effect of Rosiridin on Liver Dysfunction Markers in
the Serum of Thioacetamide-induced Rats

Figure 1 shows the results of the rosiridin’s effects on the
liver dysfunction marker enzymes in the serum of experimen-
tal rats. In comparison to control, the ALT, AST, ALP, and

GGT levels were significantly increased in the thioacetamide-
induced rats, which evidences the onset of liver tissue dam-
age. Surprisingly, rosiridin at doses of 10 and 20 mg/kg
considerably decreased these marker enzymes in the serum of
thioacetamide-treated rats. These results are further corrobo-
rated by findings from standard drug treatment with
silymarin.

Effect of Rosiridin on Biochemical Marker Levels
in the Serum of Thioacetamide-induced Rats

The levels of biochemical markers, including globulin, albu-
min, total protein, and total bilirubin, in the serum of rats
were measured, and the results are shown in Figure 2. The
serum levels of globulin and total bilirubin were elevated, and
subsequently albumin and total protein were reduced in the
thioacetamide-treated rats. On the other hand, these altera-
tions were significantly prevented and reversed by rosiridin
treatment at 10 and 20 mg/kg (Figure 2). The outcomes of the
silymarin treatment further supported the effectiveness of
rosiridin.

Effect of Rosiridin on Oxidative and Antioxidant
Marker Levels in the Liver Tissues of
Thioacetamide-induced Rats

Figure 3(A) illustrates the outcomes of the rosiridin treat-
ment on the alterations in oxidative and antioxidant bio-
markers in the liver of thioacetamide-induced rats. The
thioacetamide-induced rats exhibited a substantial elevation
in MDA, while reduced antioxidants CAT, GPx, and SOD in
their liver tissues in comparison to the control. Interestingly,
the rosiridin treatment at dosages of 10 and 20 mg/kg,
respectively, led to a reduction in MDA and elevations in
antioxidants in the liver tissues of thioacetamide-treated
rats, which evidences its antioxidant effects. These results
are corroborated by findings from standard drug treatment
with silymarin.

Effect of Rosiridin on Inflammatory Markers in
the Serum of Thioacetamide-induced Rats

The inflammatory cytokine concentrations in the serum of
experimental rats are assessed and presented in Figure 3(B).
The thioacetamide-treated rats revealed an increase in TNF-o
and IL-6 levels, while reducing the IL-10 level in their serum
when compared with the controls. Captivatingly, the treat-
ment with 10 and 20 mg/kg dosages of rosiridin to the thio-
acetamide-induced rats resulted in a significant reduction in
TNF-a and IL-6 and elevated the IL-10 levels in their serum.
These results are found similar to the findings of silymarin
treatment, which supports the anti-inflammatory activity of
rosiridin.
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Figure |. Effect of Rosiridin on the Liver Dysfunction Marker Enzymes in the Serum of Thioacetamide-induced Rats.

Notes: The data were presented as mean * SD of triplicates. One-way Analysis of variance (ANOVA) and Duncan’s Multiple Range Test (DMRT) tests
were utilized to ascertain the statistical significance across treatment groups using GraphPad Prism software. “*” indicates that the results are significant
at p < .0l compared to the control; “*” indicates that the data are significant at p < .05 compared to the thioacetamide-induced group (Group II).

Effect of Rosiridin on Liver Histopathology of the
Thioacetamide-induced Rats

Figure 4 illustrates the findings of histopathological analysis
of liver tissues from experimental rats. The liver tissues of
rats in the control group exhibited smooth surfaces devoid of
nodules. However, the liver tissues of thioacetamide-induced
rats had a pronounced presence of fibrous septa, proliferating
bile ducts, and inflammatory cell infiltrations when compared
with the control. Interestingly, both silymarin- and rosiridin-
treated rats (10 and 20 mg/kg, respectively) exhibited a

reduced number of micronodules, diminished septa, and an
increased presence of normal hepatocytes in their liver
tissues.

Discussion

Liver cirrhosis is a chronic hepatic condition, defined by
widespread fibrosis and the formation of regenerative nod-
ules, which fundamentally disrupts liver architecture and
function, leading to  progressive  hepatocellular
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Figure 2. Effect of Rosiridin on the Biochemical Marker Levels in the Serum of Thioacetamide-induced Rats.

Notes: The data were presented as mean * SD of triplicates. One-way analysis of variance (ANOVA) and Duncan’s Multiple Range Test (DMRT)
tests were utilized to ascertain the statistical significance across treatment groups using GraphPad Prism software. “*” indicates that the results are
significant at p < .0l compared to the control; “” indicates that the data are significant at p < .05 compared to the thioacetamide-induced group

(Group II).

decompensation. Annually, liver cirrhosis accounts for
approximately 2 million deaths globally, representing 4% of
all mortalities, with a disproportionately higher incidence in
men. This condition arises from the irreversible scarring of
liver tissue, in which fibrotic tissue progressively replaces
healthy hepatocytes, impairing hepatic function (Nie et al.,
2023). This pathological transformation critically compro-
mises the liver’s capacity for detoxification, protein

synthesis, and metabolic regulation, ultimately leading to
severe systemic complications. This extensive scarring is
the culmination of chronic liver injury, which activates
hepatic stellate cells and promotes the deposition of extra-
cellular matrix proteins that gradually replace functional
liver parenchyma. This structural distortion precipitates
portal hypertension and subsequent systemic complications
(Xiao et al., 2023). The long-term pathological consequence
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Figure 3. Effect of Rosiridin on the Oxidative Stress and Inflammatory Marker Levels in the Liver Tissues of Thioacetamide-induced

Rats.

Notes: The data were presented as mean * SD of triplicates. One-way analysis of variance (ANOVA) and Duncan’s Multiple Range Test (DMRT) tests
were utilized to ascertain the statistical significance across treatment groups using GraphPad Prism software. “*” indicates that the results are significant
at p < .0l compared to the control; “A” indicates that the data are significant at p < .05 compared to the thioacetamide-induced group (Group Il). (A)

Levels of oxidative stress markers; (B) levels of inflammatory cytokines.

of this progressive distortion, particularly from chronic viral
hepatitis, is the evolution into severe cirrhosis, which mani-
fests through a range of life-threatening problems. Given
the escalating prevalence and complexity of cirrhosis, the
need for novel therapeutic methods is imperative to alleviate
disease progression and improve patient outcomes. Current
therapeutic approaches often focus on symptom manage-
ment and complication prevention rather than addressing
the underlying fibrotic process or reversing established liver
damage (Kisseleva & Brenner, 2021). Consequently, there
is a need for innovative and safer alternative therapeutic
agents that can effectively halt or reverse the fibrosis,
thereby addressing the fundamental pathological drivers of
cirrhosis. While liver transplantation remains the primary
treatment for end-stage cirrhosis, its application is restricted
by organ availability and patient suitability. Consequently,
there is a critical need for less invasive pharmacological
interventions that can therapeutically target the mechanisms
of fibrosis, with broader applicability for patients who are
not candidates for transplantation. Therefore, this work
addressed the therapeutic effects of rosiridin against thio-
acetamide-induced liver toxicity cirrhosis (Romanelli &
Stasi, 2016).

The liver dysfunction marker enzymes play a crucial role
in the diagnosis of liver cirrhosis, as their fluctuating levels
are indicators of disease progression and severity. Specifically,
ALT and AST enzymes are commonly referred to as trans-
aminases and serve as crucial indicators of hepatocellular
injury, necessitating further investigation upon elevated lev-
els. The ratio of AST to ALT can provide additional clinical
insight into the etiology and severity of liver disease, with
AST often exceeding ALT in advanced cases such as cirrhosis
(Iluz-Freundlich et al., 2020). Furthermore, GGT and ALP
are cholestatic enzymes, and their elevated levels typically
signify biliary obstruction or cholestasis, although GGT can
also reflect broader liver pathology and even indicate tumori-
genesis. Additionally, assessing these enzymes provides a
holistic view of liver function and injury. Such a comprehen-
sive evaluation allows clinicians to monitor disease progres-
sion, predict prognosis, and guide therapeutic interventions
for patients suffering from liver cirrhosis. It has already been
indicated that the elevated levels of these enzymes are com-
monly associated with liver damage. Moreover, the dynamic
changes in these enzyme levels over time offer valuable prog-
nostic information, often correlating with the stage of fibrosis
and the onset of portal hypertension or hepatic
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Figure 4. Effect of Rosiridin on the Liver Histopathology of the Thioacetamide-induced Rats.

Notes: Group I: Normal control rats; Group lI: rats with thioacetamide-induced liver cirrhosis; Group llI: thioacetamide-induced liver cirrhosis
+ 10 mg/kg of rosiridin-treated rats; Group IV: thioacetamide-induced liver cirrhosis + 20 mg/kg of rosiridin-treated rats; and Group V: thioacetamide-
induced liver cirrhosis + 50 mg/kg of silymarin (standard drug)-treated rats. Scale bar: 50 pym. Black arrows: presence of fibrous septa; green arrows:

proliferating bile ducts; and blue arrows: inflammatory cell infiltrations.

encephalopathy (Cheng et al., 2020). The intricate interplay
between these enzymes and other systemic factors can further
elucidate the underlying pathogenic mechanisms driving cir-
rhotic transformation and its associated sequelae. Given the
multifaceted roles of these biomarkers, a deeper understand-
ing of their individual kinetic profiles and interactions within
the complex milieu of liver metabolism is essential to refine
diagnostic accuracy and therapeutic approaches in cirrhosis.
For instance, GGT has shown particular sensitivity in detect-
ing hepatic disease, often more so than ALP, and its activity
can be disproportionately elevated in cases of biliary obstruc-
tion compared to viral hepatitis (Kwo et al., 2017). Therefore,
it is essential to evaluate the changes in these liver enzymes to
diagnose and predict the stages of liver damage and cirrhosis.
The present findings revealed that the ALT, AST, ALP, and
GGT were increased considerably in the thioacetamide-
induced rats due to the onset of liver tissue damage. However,
the rosiridin treatment markedly decreased the serum levels
of these liver marker enzymes in thioacetamide-treated rats.
Therefore, it was evident that rosiridin treatment mitigated
the liver tissue damage in the thioacetamide-induced rats.
The pathophysiology of liver cirrhosis is intricately linked
to alterations in hepatic protein synthesis and metabolism,
which are commonly reflected in the levels of total protein,

albumin, globulin, and total bilirubin, serving as critical indi-
cators of liver function and disease severity. These biochemi-
cal markers provide valuable insights into the liver’s synthetic
capacity, its inflammatory state, and the degree of cholestasis,
thereby offering prognostic value and guiding clinical man-
agement in cirrhotic patients (Sharma, 2022). Specifically,
albumin levels reflect the liver’s synthetic function, as it is
produced exclusively by hepatocytes, whereas changes in
globulin concentrations often reflect the immune response
and inflammatory processes associated with chronic liver
injury. In cirrhosis, compromised liver function leads to
reduced albumin synthesis and often a diminished quality of
the existing albumin due to increased oxidative stress and
inflammation, further impairing its physiological roles. This
reduction in both quantity and quality of albumin exacerbates
fluid imbalances, compromises drug pharmacokinetics, and
impairs immune responses in cirrhotic patients (Chen et al.,
2020).

Moreover, bilirubin, a product of heme catabolism, serves
as a crucial marker of hepatic excretory function and cho-
lestasis, with elevated levels often signifying impaired bile
flow or hepatocellular dysfunction. The detailed examination
of these biochemical parameters is therefore paramount for
assessing the extent of hepatic compromise, predicting
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clinical outcomes, and optimizing therapeutic interventions
in patients with liver cirrhosis (Lopez-Velazquez et al., 2013).
The focus on these specific biochemical markers, such as
total protein, albumin, globulin, and total bilirubin, is rooted
in their established utility as non-invasive indicators of the
dynamic pathophysiological processes occurring within the
cirrhotic liver, providing a readily accessible means to moni-
tor disease progression and treatment efficacy (Newsome
et al., 2018). The findings of this study exhibited that the
serum levels of globulin and total bilirubin were increased,
while albumin and total protein were diminished in the thio-
acetamide-induced rats. Interestingly, these alterations were
considerably ameliorated by rosiridin treatment in thioacet-
amide-induced rats.

Oxidative stress is increasingly recognized as a pivotal
factor in the pathogenesis of several chronic liver diseases,
including cirrhosis. This condition can result in significant
oxidative damage to hepatic tissues, thereby exacerbating
liver injury and contributing to disease progression.
Specifically, oxidative stress induces hepatic damage through
the changes of crucial biological molecules like DNA, pro-
teins, and lipids, while also modulating gene transcription,
protein expression, and cellular apoptosis (Allameh et al.,
2023). This cellular damage can precipitate mitochondrial
dysfunction, further intensifying oxidative stress and perpetu-
ating liver injury. The liver’s inherent metabolic activities and
its role in xenobiotic biotransformation make it particularly
susceptible to ROS accumulation, leading to this disruptive
redox imbalance. This pro-oxidant state is further exacer-
bated in decompensated cirrhosis, leading to systemic inflam-
mation, mitochondrial dysfunction, and impaired pleiotropic
functions of albumin, all contributing to multiorgan dysfunc-
tion and failure (Mooli et al., 2022).

The sustained oxidative stress observed in cirrhotic
patients also triggers the activation of redox-sensitive tran-
scription factors, such as Nuclear factor-kappa B (NF-xB),
which subsequently upregulate the expression of pro-inflam-
matory mediators in Kupffer cells, thereby amplifying hepatic
inflammation and fibrosis. This persistent inflammatory state,
coupled with direct oxidative damage, accelerates the fibrotic
process, ultimately leading to the structural distortion and
functional impairment characteristic of advanced liver dis-
ease (Li et al., 2015). Understanding the interplay between
these oxidative stress markers and antioxidant enzymes is
crucial for developing novel salutary methods focused on
mitigating hepatic damage and enhancing patient outcomes.
Under physiological conditions, the liver is equipped with
robust antioxidant defenses to neutralize the adverse effects
of ROS and maintain cellular homeostasis (Han et al., 2016).
However, in the context of liver diseases and particularly cir-
rhosis, this delicate balance is profoundly disrupted, leading
to an overwhelming accumulation of pro-oxidants that over-
whelm the endogenous antioxidant capacities. This imbal-
ance contributes significantly to hepatocellular damage,
perpetuating inflammation and fibrogenesis (Salomone et al.,

2016). In a similar manner, the present findings also revealed
the increased oxidative stress marker MDA levels and reduced
antioxidant levels in the livers of the thioacetamide-induced
rats. Interestingly, the rosiridin treatment markedly reduced
MDA levels and increased antioxidant levels in the liver tis-
sues of thioacetamide-induced rats, suggesting its antioxidant
activity.

Inflammation and inflammatory cytokines, such as TNF-
a, IL-6, and IL-10, were profoundly influenced by the intri-
cate cellular interactions driving hepatic fibrogenesis. The
dysregulation of these cytokines can either promote or
inhibit fibrogenesis, critically influencing the trajectory of
liver disease progression. The persistent inflammatory state
in chronic liver diseases drives the progression from initial
injury to fibrosis, ultimately leading to cirrhosis by promot-
ing the excessive deposition of extracellular matrix compo-
nents (Taru et al., 2024). TNF-a, a potent pro-inflammatory
cytokine, significantly contributes to hepatic injury and
fibrogenesis by promoting the recruitment of inflammatory
cells, inducing hepatocyte apoptosis, and activating hepatic
stellate cells, thereby accelerating collagen production and
extracellular matrix deposition. Conversely, IL-6, while
having a dual role, primarily acts as a pro-inflammatory
mediator that sustains the acute phase response and contrib-
utes to hepatocyte proliferation and survival, but can also
exert pro-fibrogenic effects by promoting stellate cell acti-
vation (Scarlata et al., 2024). In contrast, IL-10, an anti-
inflammatory cytokine, generally attenuates liver fibrosis
by inhibiting pro-inflammatory cytokine production, sup-
pressing immune cell activation, and reducing hepatic stel-
late cell proliferation and collagen synthesis, thus offering a
protective effect against disease progression. This intricate
interplay among pro-inflammatory and anti-inflammatory
cytokines dictates the delicate balance between liver regen-
eration and fibrotic progression (Claria et al., 2023).
Understanding the precise roles of these cytokines in the
context of chronic liver inflammation is paramount for
developing targeted therapeutic strategies to inhibit or
reverse the progression from liver fibrosis to cirrhosis and
improve patient outcomes. Further elucidation of these
pathways is crucial for designing precision medicine
approaches that can effectively modulate the inflammatory
milieu and counteract fibrogenesis, offering new avenues
for therapeutic intervention. Furthermore, therapeutic strat-
egies targeting these cytokine pathways, such as blocking
pro-fibrotic cytokines or augmenting anti-fibrotic ones,
hold promise for attenuating disease progression and
improving clinical outcomes (Kaps et al., 2023). In this
study, the results exhibited that thioacetamide-induced rats
demonstrated a considerable elevation in TNF-a and IL-6
levels, while reducing the IL-10 in their serum. Whereas,
the treatment with rosiridin in thioacetamide-induced rats
effectively reduced the TNF-o and IL-6 levels and aug-
mented the IL-10 levels in their serum, which supports the
anti-inflammatory activity of rosiridin.
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Conclusion

The results of this study eclucidated the hepatoprotective
effects of rosiridin against thioacetamide-treated liver injury
and cirrhosis. The findings of our study indicated that rosiri-
din treatment restored liver marker enzyme levels, regulated
biochemical markers, decreased inflammatory responses,
and mitigated the oxidative stress response in thioacet-
amide-induced rats. These findings indicated the advanta-
geous hepatoprotective effects of rosiridin. However, further
study is necessary to provide additional evidence on the
hepatoprotective characteristics of rosiridin, thereby estab-
lishing it as a talented therapeutic agent for hepatotoxicity
and cirrhosis.

Abbreviations

ALP: Alkaline phosphatase; ALT: Alanine transaminase; AST:
Aspartate transaminase; CAT: Catalase; GGT: Gamma-glutamyl
transferase; GPx: Glutathione peroxidase; IL: Interleukin; MDA:
Malondialdehyde; SOD: Superoxide dismutase; TNF-o: Tumor
necrosis factor-alpha.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethical Approval

The present study was approved by the ethical committee of
Affiliated Hospital of Hebei University, China.

Funding

The authors received no financial support for the research, author-
ship, and/or publication of this article.

Informed Consent

Not applicable.

ORCID iD

Xinwen Zhang https://orcid.org/0009-0009-0037-4794

References

Afzal, M., Sayyed, N., Alharbi, K. S., Alzarea, S. 1., Alshammari, M.
S., Alomar, F. A., Alenezi, S. K., Quazi, A. M., Alzarea, A. 1., &
Kazmi, 1. (2022). Anti-Huntington’s effect of rosiridin via oxi-
dative stress/AchE inhibition and modulation of succinate
dehydrogenase, nitrite, and BDNF levels against 3-nitropropi-
onic acid in rodents. Biomolecules, 12(8), 1075.

Allameh, A., Niayesh-Mehr, R., Aliarab, A., Sebastiani, G., &
Pantopoulos, K. (2023). Oxidative stress in liver pathophysiol-
ogy and disease. Antioxidants, 12(9), 1730.

Alqarni, S. S., Afzal, M., Alharbi, K. S., Alenezi, S. K., Alsahli, T.
G., Zaidi, S., Altyar, A. E., Ghaboura, N., Kazmi, I., Mantargi,

M. J. S., & Imam, F. (2024). Rosiridin protects against alumi-
num chloride-induced memory impairment via modulation of
BDNF/NF«B/PI3K/Akt pathway in rats. Medicina, 60(11),
1745.

Chen, S. H., Wan, Q. S., Wang, T., & Zhang, K. H. (2020). Fluid
biomarkers for predicting the prognosis of liver cirrhosis.
BioMed Research International, 2020, 7170454,

Cheng, C. H., Chu, C. Y., Chen, H. L., Lin, . T., Wu, C. H,, Lee, Y.
K., Hu, P. J., & Bair, M. J. (2020). Subgroup analysis of the
predictive ability of APRI and FIB-4 for assessing hepatic fibro-
sis among patients with chronic hepatitis C. Journal of
Microbiology, Immunology and Infection, 53(4), 542—-549.

Claria, J., Arroyo, V., & Moreau, R. (2023). Roles of systemic
inflammatory and metabolic responses in the pathophysiology
of acute-on-chronic liver failure. JHEP Reports, 5(9), 100858.

Devarbhavi, H., Asrani, S. K., Arab, J. P., Nartey, Y. A., Pose, E., &
Kamath, P. S. (2023). Global burden of liver disease: 2023
update. Journal of Hepatology, 79(3), 516-537.

GBD 2017 Cirrhosis Collaborators. (2020). The global, regional,
and national burden of cirrhosis by cause in 195 countries and
territories, 1990-2017: A systematic analysis for the Global
Burden of Disease Study 2017. Lancet Gastroenterology &
Hepatology, 5(3), 245-266.

Gings, P., Krag, A., Abraldes, J. G., Sola, E., Fabrellas, N., &
Kamath, P. S. (2021). Liver cirrhosis. Lancet, 398(10308),
1359-1376.

Han, K. H., Hashimoto, N., & Fukushima, M. (2016). Relationships
among alcoholic liver disease, antioxidants, and antioxidant
enzymes. World Journal of Gastroenterology, 22(1), 37-49.

Huang, D. Q., Terrault, N. A., Tacke, F., Gluud, L. L., Arrese, M.,
Bugianesi, E., & Loomba, R. (2023). Global epidemiology of
cirrhosis: Aetiology, trends and predictions. Nature Reviews
Gastroenterology & Hepatology, 20(6), 388-398.

[luz-Freundlich, D., Zhang, M., Uhanova, J., & Minuk, G. Y. (2020).
The relative expression of hepatocellular and cholestatic liver
enzymes in adult patients with liver disease. Annals of
Hepatology, 19(2), 204-208.

Kaps, L., Medina-Montano, C., Bros, M., Grabbe, S., Gairing, S. J.,
Schleicher, E. M., Gehring, S., Schattenberg, J. M., Galle, P. R.,
Worns, M. A., Nagel, M., & Labenz, C. (2023). Comparison of
inflammatory cytokine levels in hepatic and jugular veins of
patients with cirrhosis. Mediators of Inflammation, 2023, 9974136.

Kazmi, I., Al-Abbasi, F. A., AlGhamdi, S. A., Alghamdi, A. M.,
Zeyadi, M., Sheikh, R. A., Gupta, G., & Sayyed, N. (2025a).
Influence of rosiridin on streptozotocin-induced diabetes in
rodents through endogenous antioxidants-inflammatory cyto-
kines pathway and molecular docking study. Journal of
Biomolecular Structure and Dynamics, 43(1), 467-482.

Kazmi, I., Altayb, H. N., Al-Abbasi, F. A., Alharbi, K. S., Almalki,
N. A. R., Moglad, E., Al-Qahtani, S. D., Bawadood, A. S., &
Sayyed, N. (2025b). Rosiridin prevents cisplatin-induced renal
toxicity by inhibiting caspase-3/NF-kB/Bcl-2 signaling path-
ways in rats and in silico study. Naunyn-Schmiedeberg’s
Archives of Pharmacology, 398(5), 5895-5913.

Kisseleva, T., & Brenner, D. (2021). Molecular and cellular mecha-
nisms of liver fibrosis and its regression. Nature Reviews
Gastroenterology & Hepatology, 18(3), 151-166.

Kwo, P. Y., Cohen, S. M., & Lim, J. K. (2017). ACG clinical guide-
line: Evaluation of abnormal liver chemistries. American
Journal of Gastroenterology, 112(1), 18-35.



1626

Pharmacognosy Magazine 22(4)

Lee, M. W, Lee, Y. A., Park, H. M., Toh, S. H., Lee, E. J., Jang, H.
D., & Kim, Y. H. (2000). Antioxidative phenolic compounds
from the roots of Rhodiola sachalinensis. Archives of Pharmacal
Research, 23(5), 455-458.

Li, S., Tan, H. Y., Wang, N., Zhang, Z. J., Lao, L., Wong, C. W., &
Feng, Y. (2015). The role of oxidative stress and antioxidants in
liver diseases. International Journal of Molecular Sciences,
16(11),26087-26124.

Lépez-Velazquez, J. A., Chavez-Tapia, N. C., Ponciano-Rodriguez,
G., Sanchez-Valle, V., Caldwell, S. H., Uribe, M., & Méndez-
Sanchez, N. (2013). Bilirubin alone as a biomarker for short-term
mortality in acute-on-chronic liver failure: An important prognos-
tic indicator. Annals of Hepatology, 13(1), 98—104.

Mooli, R. G. R., Mukhi, D., & Ramakrishnan, S. K. (2022).
Oxidative stress and redox signaling in the pathophysiology of
liver diseases. Comprehensive Physiology, 12(2),3167-3192.

Newsome, P. N., Cramb, R., Davison, S. M., Dillon, J. F., Foulerton,
M., Godfrey, E. M., Hall, R., Harrower, U., Hudson, M., Langford,
A., Mackie, A., Mitchell-Thain, R., Sennett, K., Sheron, N. C.,
Verne, J., Walmsley, M., & Yeoman, A. (2018). Guidelines on the
management of abnormal liver blood tests. Gut, 67(1), 6-19.

Nie, G., Zhang, H., Xie, D., Yan, J., & Li, X. (2023). Liver cirrhosis
and complications from the perspective of dysbiosis. Frontiers
in Medicine, 10, 1171092.

Rafeeq, M., Al-Abbasi, F. A., Afzal, M., Saad Alharbi, K., Moglad, E.,
Al-Qahtani, S. D., Bukhari, H. A., Imam, F., Sayyed, N., & Kazmi,
1. (2025). Effects of a rosiridin against rotenone-induced rats’
model of Parkinson’s disease: /n vivo study and in silico molecular
modeling. Current Neuropharmacology, 23(9), 1095-1118.

Romanelli, R. G., & Stasi, C. (2016). Recent advancements in diag-
nosis and therapy of liver cirrhosis. Current Drug Targets,
17(15), 1804-1817.

Salomone, F., Godos, J., & Zelber-Sagi, S. (2016). Natural antioxi-
dants for nonalcoholic fatty liver disease: Molecular targets and
clinical perspectives. Liver International, 36(1), 5-20.

Scarlata, G. G. M., Colaci, C., Scarcella, M., Dallio, M., Federico,
A., Boccuto, L., & Abenavoli, L. (2024). The role of cytokines
in the pathogenesis and treatment of alcoholic liver disease.
Diseases, 12(4), 91.

Sharma, P. (2022). Value of liver function tests in cirrhosis.
Journal of Clinical and Experimental Hepatology, 12(3),
948-964.

Tapper, E. B., Ufere, N. N., Huang, D. Q., & Loomba, R. (2022).
Current and emerging therapies for the management of cirrhosis
and its complications. Alimentary Pharmacology & Therapeutics,
55(9), 1099-1115.

Taru, V., Szabo, G., Mehal, W., & Reiberger, T. (2024).
Inflammasomes in chronic liver disease: Hepatic injury, fibrosis
progression and systemic inflammation. Journal of Hepatology,
81(5), 895-910.

van Diermen, D., Marston, A., Bravo, J., Reist, M., Carrupt, P. A., &
Hostettmann, K. (2009). Monoamine oxidase inhibition by
Rhodiola rosea L. roots. Journal of Ethnopharmacology,
122(2), 397-401.

Xiao, S., Xie, W., Zhang, W., Lei, Y., & Pan, L. (2023). Changing
epidemiology of cirrhosis from 2010 to 2019: Results from the
Global Burden Disease study 2019. Annals of Medicine, 55(2),
2252326.

Yoshiji, H., Nagoshi, S., Akahane, T., Asaoka, Y., Ueno, Y., Ogawa,
K., Kawaguchi, T., Kurosaki, M., Sakaida, 1., Shimizu, M.,
Taniai, M., Terai, S., Nishikawa, H., Hiasa, Y., Hidaka, H.,
Miwa, H., Chayama, K., Enomoto, N., Shimosegawa, T.,
Takehara, T., & Koike, K. (2021). Evidence-based clinical prac-
tice guidelines for liver cirrhosis 2020. Hepatology Research,
51(7), 725-749.

Zheng, S., Xue, C., Li, S., Zao, X., Li, X, Liu, Q., Cao, X., Wang,
W., Qi, W., Du, H., Zhang, P., & Ye, Y. (2024). Liver cirrhosis:
Current status and treatment options using western or tradi-
tional Chinese medicine. Frontiers in Pharmacology, 15,
1368073.



