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Abstract    
 

    The research aims to examine the therapeutic effect of rosuvastatin 
(RSV) on methotrexate (MTX)- induced liver toxicity, focusing on 

tissue integrity and oxidative damage. For this aim, 30 adult albino-

type male rats were categorized into 3 groups of 10 rats each: normal 

control, MTX-treated, and MTX+RSV-treated. Intraperitoneal 
administration of 20 mg/kg MTX was utilised to induce liver toxicity 

in MTX-treated and MTX+ RSV -treated groups on day 1. Following 

induction, MTX+ RSV -treated rats were orally delivered RCV at 20 
mg/kg as a therapeutic intervention for one week. The therapeutic 

duration was contingent upon prior research. Histopathological and 

biochemical parameters, including alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST), were assessed, along with the 

expression of oxidative stress indicators (malondialdehyde (MDA) 

and reduced glutathione (GSH)) in hepatic tissue. Results revealed 

that RSV markedly reduced the severity of MTX-induced hepatic 
injury by attenuating elevations in hepatic biochemical markers, 

including ALT and AST, and simultaneously rectifying histological 

abnormalities. Moreover, RSV therapy in MTX-exposed rats 
markedly decreased oxidative stress markers, including MDA, while 

increasing the level of antioxidative molecules, notably GSH, in 

hepatic tissues. The study concluded that RSV may help against 
MTX-provoked hepatic injury, due to its robust antioxidant and anti-

inflammatory properties.  
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Introduction  
 

Drug-induced hepatotoxicity results in the withdrawal of several clinically approved 
drugs due to their harmful side effects (1). The liver metabolizes the majority of 

drugs, and factors such as alcohol use, malnutrition, infection, and anemia that 

compromise liver function may lead to hepatotoxicity after drug delivery (2).  
Methotrexate (MTX) has anticancer, anti-inflammatory, and immunosuppressive 

properties. Nevertheless, it may potentially pose risks and impact several organs (3). 
MTX inhibits the synthesis of DNA and RNA by blocking the function of the enzyme 

dihydrofolate reductase (4). It also inhibits cells from entering mitosis, hence 

decelerating cell growth. Another harmful mechanism of MTX is its promotion of 
apoptosis in reaction to oxidative stress (5).  
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RSV is a medication used to manage elevated amounts of detrimental lipids and 
cholesterol in the bloodstream. It functions by blocking the enzyme HMG-CoA 

reductase inside the mevalonate pathway (6-8). This inhibition impedes 
isoprenylation, which is crucial for modulating cell proliferation, stimulating the pro-

inflammatory cytokines production, and generating reactive oxygen species (ROS) 

(9). A recent paper has emphasized the advantages of using this medication to 
preserve liver function. Prior studies have shown that RSV may successfully avert 

liver injury caused by fipronil in male rats by mitigating oxidative damage and 
indicators of apoptosis (10). The therapeutic effects of RSV on inflammatory and 

oxidative damage have been recorded in many inflammatory illnesses (11, 12). 

Nevertheless, there is inadequate evidence about the effectiveness of RSV in MTX-
induced hepatic tissue toxicity. This research examined the ameliorative effect of 

RSV on MTX-provoked hepatic injury in male Wistar albino rats by analyzing 
biochemical, histological, and oxidative damage indicators.  

 

Materials and Methods 
 
Rats were accommodated in individual, sanitized polypropylene cages devoid of 

contaminants. The cages feature a robust wire-mesh structure that is maintained in a 

hygienic condition, thereby preventing the rats from licking or contacting one 
another. The structure had a ventilation system that perpetually circulated air, along 

with access to potable water and consistently accessible food.  Before commenc ing 
the experiment, animals were let a week to acclimatize to their new environment.  

 

Ethical approval 

 

The research was conducted in accordance with the ethical standards for health 
studies established by the Research Ethics Committee of Al-Hamdaniya University, 

Al-Hamdaniya, Iraq.(Approval No. UH.2026.005). 

 

Experimental Design 

 
Rats were allocated into 3 groups, with 10 rats per group. Group I received normal 

saline and functioned as the vehicle control, while liver toxicity was evoked in Group 

II by intraperitoneal injection of 20 mg/kg MTX. Group II administered oral normal 
saline, lastly, group III treated orally with RCV at a dose of 20 mg/kg orally post -

induction of hepatotoxicity for 7 days. The treatment duration was contingent upon 
prior investigations of experimental hepatotoxicity.  The blood was taken via heart 

puncture with a 5ml syringe, conveyed to a gel tube, then incubated at 37 °C for 30 

minutes before being centrifuged at 4000 for 10 minutes. The serum was stored at -
20 °C for biochemical and histological experiments. The rats were dissected, and the 

hepatic tissue was preserved in 10% formaldehyde for assay analysis.  

 

Chemicals and drugs 

 
RCV was obtained from AstraZeneca, UK, while MTX was sourced from Koçak 

Farma (Turkey). Estimated pharmaceutical was formulated as suspensions in purified 
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water. RCV was administered at a dose of 20 mg/kg as a therapeutic intervention in 
rats, based on research indicating its maximum inhibitory effect on oxidative and 

inflammatory modulation (13).  

 

Evaluation of liver function indicators in serum 

 
An automated analyzer (ARCHITECT c4000 Chemistry Analyzer, Abbott 

Diagnostics, USA) and appropriate kits (ALT2 and AST2) provided by Abbott 
Diagnostics were prepared to assess liver function parameters (ALT and  AST) in 

serum, following the guidelines of manufacturer.  

 

Measurements of oxidative stress biomarkers 

 
The MDA and GSH levels were assessed in the rat hepatic tissues that were obtained 

by using standardized enzyme-linked immunosorbent assay kits following the 

instruction of manufacturer. “The hepatic tissues were swiftly removed, rinsed, 
hydrated, and examined following irrigation with cold phosphate-buffered saline. 

Tissue samples were homogenized with a transparent blender and subsequently 
centrifuged at 10,000 × g for 15 minutes at 4°C. After collection, the residual material 

was utilized in biochemical experiments. A colorimetric assay utilising the 

thiobarbituric acid-reactive substances method was employed to quantify MDA, an 
indicator of lipid peroxidation. The results were quantified as nmol MDA/mg protein, 

with absorbance assessed at 532 nm. GSH levels were measured using a colorimetric 
technique that relies on the reaction with 5,5′-dithiobis. The absorbance was 

determined at 405 nm, and the outcomes were reported as µmol GSH per mg of 

protein”. 

 

Histological assessments 

 

Following extraction, “hepatic tissue specimens from rats were immediately fixed in 

10% buffered formalin, dehydrated with graded ethanol, and cleaned with xylene. 
The sample was then submerged in paraffin and put on chilled plates to form paraffin 

blocks. The hepatic specimens were subsequently sliced into 4- to 5-µm sections 
utilizing a microtome. A water soak was employed to deposit the slide portion, and 

several milliliters of di-n-butyl phthalate in xylene were introduced to the tissue 

fragment before the coverslip was applied. An optical microscope was employed for 
conducting blind tests and evaluations. 

 

Statistical Analysis 

 

The data underwent statistical examination using suitable analytical methodologies. 
Descriptive statistics were presented as mean values along with their standard 

deviations. Differences among groups were determined by one-way analysis of 
variance, and Tukey's post hoc test for multiple comparisons. Statistical significance 

was considered at a P-value of less than 0.05. 
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Results 

 
Effect of tested agents on liver function, and oxidative stress biomarkers 

 
The MTX group had markedly higher ALT and AST levels than the control group. 

The MTX+ RSV group had considerably lower levels of these two enzymes 
compared with the MTX group (p < 0.05) (Figure. 1). 

 

 
Figure. 1: Shows the effects of tested agents on liver enzymes AST (A) and ALT (B) levels 

in methotrexate-induced liver toxicity. The data are shown as Mean ± SD; (a): Substantial 

from the normal control; (b): Substantial from the methotrexate group. MTX: Methotrexate, 

RSV: Rosuvastatin, AST: aspartate transaminase, and ALT: alanine transaminase  

 

Compared with the control group, the MTX group had substantially higher levels of 

MDA. The MTX+ RSV group had markedly reduced levels of the MDA compared 
to the MTX group (p < 0.05) (Figure. 2).  

 
  

 

 

 

 

   

 Figure 2: Effects of tested agents on oxidative (A): MDA, and anti-oxidative stress markers (B): 

GSH. The data are shown as Mean ± SD; (a): Substantial from the normal control; (b): Substantial 

from the methotrexate group. MTX: Methotrexate, RSV: Rosuvastatin , MDA: Malondialdehyde, 

GSH: Glutathione 

A B 

A B 
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The antioxidative marker GSH was significantly reduced in the MTX group 
compared with the control group. However, the MTX+ RSV groups exhibited 

notably higher GSH levels relative to the induction group (p < 0.05). 
 

Effects of tested agents on histopathological evaluation 

 
Figures. 3 (A and B) demonstrate that the histopathological analysis of liver 

specimens from the control group had intact histological architecture, characterized 
by hepatocytes (black arrow), central vein (green arrow), and sinusoids containing 

Kupffer cells (blue arrow).While, Figure. 4 (A and B) illustrates that liver samples 

from the untreated induction group had extensive lesions characterized by 
hepatocytic necrosis (black arrow), cellular edema (green arrow), sinusoidal 

enlargement (blue arrow), and congestion (red arrow). Nonetheless, as seen in 5 (A, 
B), the histological examination of the MTX+ RSV group revealed minor lesions 

characterized by single hepatocyte necrosis (black arrow), preserved sinusoids (green 

arrow), and central venous congestion (blue arrow).    
 

 

 

 

 

 

  

 

Figure. 3: Effects of tested agents on histopathology changes the liver tissue of the 

control group (H&E 100X, 400X). 

 

  

 

 

 

 

Figure.4: Impact of tested agents on histopathology changes the liver tissue of the MTX 

group (H&E 100X, 400X). 

B A 

B A 
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Figure. 5: Impact of tested agents on histopathology changes of the liver tissue of the 

MTX+ RSV group (H&E 100X, 400X) 

Discussion 

 
      This research conducted a series of tests to examine the fundamental mechanisms of 
RSV 's therapeutic effects on hepatic tissues. The outcomes demonstrated a significant 

rise in liver biochemical markers (ALT and AST) after MTX treatment versus the control 

group. ALT and AST are the most reliable liver necrosis indicators (14). An elevation in 
their activity in the serum indicates a compromise of the cell membrane, correlated with 

hepatocyte apoptosis (15). Liver damage has been reported, particularly with acute high 
doses or extended use of MTX (16, 17). Elevated concentrations of the polyglutamated 

form enhance the drug's intracellular retention, which has been suggested as an 

explanation for MTX-induced liver toxicity (18, 19). This findings compatible with 
established hepatotoxic effects of MTX use, characterized by oxidative stress, 

upregulation of inflammatory markers, and resultant hepatic cellular injury. This damage 
leads to the release of enzymes into the circulation, signifying hepatotoxicity (20). The 

significant elevation in ALT and AST levels signifies hepatic injury. Furthermore, the 

research findings demonstrated that MTX treatment resulted in higher MDA levels and 
lower GSH antioxidant enzyme activity in liver tissue. Oxidative stress occurs due to an 

imbalance between ROS and antioxidant defenses, eventually impairing the cell's 
enzymatic and non-enzymatic functions (21). Reduced glutathione is an essential element 

of the intrinsic antioxidant defense mechanism against oxidative injury, while 

malondialdehyde is an established indicator of lipid peroxidation (22). These results 
corroborate previous studies, demonstrating increased malondialdehyde levels and 

reduced glutathione content after MTX toxicity in the hepatic tissues of a rat model (23-
28). Oxidative stress is regarded as an essential determinant in hepatic tissue damage 

caused by MTX (29).   Oxidative stress caused by MTX treatment in liver tissue was 

mitigated by the administration of RSV for 7 days, indicating the drug's antioxidant 
properties.  Experimental research has shown that free radicals resulting from oxidative 

stress are the principal mechanism behind induced hepatotoxicity (30, 31). Oxidative 
stress, caused by free radicals, is a critical marker of hepatic impairment. The oxidation 

A B 
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of cyclophosphamide produces ROS and lipid peroxidation (LPO) during inflammation, 
resulting in hepatic cell injury, disruption of the redox cycle, and elevated LPO levels 

(32). Elevating LPO levels in experimental rats using MDA as the primary oxidized 
byproduct (33). Maheshwari et al. 2015 (34) demonstrated that RSV significantly reduced 

oxidative stress by enhancing glutathione levels and lowering MDA levels in colitis 

models. Additionally, another study (35) confirmed that RSV significantly lower 
oxidative stress by decreasing MDA levels in rats. Histopathological examination 

validated biochemical alterations, implying significant hepatic injury in the MTX-treated 
animals. In contrast, the RSV -treated group displayed notable damage, suggesting that 

RSV may have a partial hepato-protective effect. The administration of RSV significantly 

reduced biochemical and histological changes, suggesting its potential to alleviate MTX-
induced hepatocellular injury. The theory asserts that the accumulation of MTX 

polyglutamates within the cell leads to folate deficiency, oxidative damage, the 
production of pro-inflammatory indicators, and genetic diversity (36, 37). The gut 

microbiota is expected to be the principal driver of hepatocellular carcinoma and hepatic 

fibrosis development (38-41).  
 

Conclusion 

 

Rosuvastatin markedly relieves these detrimental effects, demonstrating its efficacy as a 

robust antioxidant and anti-inflammatory drug. Rosuvastatin alleviates the adverse effects 
of methotrexate by augmenting cellular protection and improving the well-being of rats. 

These findings will offer substantial prospective into the possible therapeutic application 
of rosuvastatin for drug-induced hepatic injury. 
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