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Background and Objective: Statin-induced hepatotoxicity has a serious impact on elderly patients 

and high-risk individuals. Therefore, any sign of liver injury should be carefully monitored and 

evaluated, especially given the high number of patients who receive statins as part of their medication. 

The aim of this study is to investigate the possible hepatoprotective effects of different doses of 

hesperidin against atorvastatin-induced hepatotoxicity. 

Methods: In this experimental study, 30 male Wistar rats, aged 10-12 weeks, were divided into five 

groups of six: 1: saline (control), 2: recipients of 80 mg/kg/day atorvastatin, 3: recipients of 80 

mg/kg/day atorvastatin + 50 mg/kg/day hesperidin, 4: recipients of 80 mg/kg/day atorvastatin + 100 

mg/kg/day hesperidin, 5: recipients of 80 mg/kg/day atorvastatin + 200 mg/kg/day hesperidin. All 

animals received their drugs by oral gavage. The animals were then sacrificed and the liver of each 

animal was harvested for further gene studies, and a small portion was collected in Eppendorf 

Transwells to measure and compare the expression of BAX, BCL-2 and TLR-4 genes. 

Findings: The results showed that the expression of Bax (proapoptotic gene) in group 2 (recipients 

of 80 mg/kg/day atorvastatin) (1.81±0.48) significantly increased compared to the other groups 

(p<0.05). However, the expression of Bcl-2 (anti-apoptotic gene) showed a reverse trend in group 2 

compared to the control group (0.29±0.25 vs. 0.43±1.00) (p<0.05). Moreover, the expression of  

TLR-4 gene in group 2 significantly increased compared to the other groups (1.61±0.36 vs. 

0.15±0.00) (p<0.05). 

Conclusion: The results of the study showed that hesperidin consumption can prevent liver damage 

caused by high doses of atorvastatin. 
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Introduction 

The liver is one of the body's most vital organs, playing a key role in metabolism, immune system 

support, and detoxification. Although these functions are essential, they also render the liver susceptible to 

various problems, including injury from the medications and chemicals that it detoxifies (1, 2). Therefore, 

drug‑related side effects represent a major threat to the liver and may even result in death. These adverse 

effects can be caused either by the drug itself or by its metabolites, leading to a range of clinical outcomes, 

including idiosyncratic reactions (3). 

Atorvastatin is a widely prescribed lipid‑lowering agent that exerts its therapeutic effect through the 

inhibition of 3‑hydroxy‑3‑methylglutaryl coenzyme A (HMG‑CoA) reductase (4). Although this 

mechanism provides cardiovascular protection, it may also give rise to adverse effects, including diabetes 

and muscle‑related complications (5). Elevated lipid levels are associated with an increased risk of 

cardiovascular disease (CVD), which remains one of the leading causes of mortality worldwide. This link 

between CVD and elevated cholesterol is largely attributable to plaque formation within the coronary 

arteries, which may lead to various ischemic heart conditions. Prior to the advent of statin therapy, dietary 

fat restriction was the primary strategy recommended for managing this risk (6, 7). 

Epidemiological data have estimated that every 1 mmol/L reduction in LDL cholesterol corresponds to 

a 22% decrease in the annual rate of major vascular events. Consistent with this finding, clinical research 

has demonstrated that a daily dose of 40 mg of atorvastatin achieves an approximate 50% reduction in LDL 

levels. This response appears to be largely independent of baseline patient characteristics, and dose‑response 

analyses have further shown that, on average, doubling the dose of any statin results in an additional 6 

percentage point reduction in LDL cholesterol (8). 

Atorvastatin offers cardiovascular protection not only through cholesterol reduction but also via 

additional pleiotropic effects, including reduction of LDL‑cholesterol oxidation, stabilization of atheroma 

plaques, inhibition of endothelial dysfunction, and decreased platelet activity (9). Despite the remarkable 

benefits of atorvastatin for patients at risk of cardiovascular disease, it is associated with a range of potential 

adverse effects, including hemorrhagic stroke, memory impairment, increased cataract formation, and 

possible renal dysfunction. Other side effects attributed to statins include neuropathy, sleep disturbances, 

suicidal ideation, and diabetes mellitus (10). 

On the other hand, statins in general have been reported to be among the most frequently implicated 

drugs in chronic liver injury. Atorvastatin appears to be the most commonly associated statin; however, 

hepatotoxicity has also been documented with simvastatin, and to a lesser extent, with fluvastatin, 

pravastatin, and rosuvastatin (10, 11). Hesperidin, a compound found in citrus fruits, is both affordable and 

offers a wide range of health benefits. Deficiency of hesperidin has been associated with abnormal capillary 

permeability, limb pain, weakness, and leg cramps. Furthermore, hesperidin supplementation has been 

shown to help reduce edema, including excessive leg swelling caused by fluid retention (12). 

Following clinical studies, hesperidin became available on the market not only as a dietary supplement 

but also as a component of Daflon tablets, which consist of 90% diosmin and 10% hesperidin. This 

formulation is primarily used for the treatment of hemorrhoids, owing to its ability to alleviate symptoms 

such as pain and bleeding. The Bcl‑2 family (B cell lymphoma protein 2) consists of both pro‑apoptotic and 

anti‑apoptotic proteins that regulate cell death, thereby preventing uncontrolled cell death that could threaten 

life. Bcl‑2 is a well‑known anti‑apoptotic member, while Bax (Bcl‑2 associated X protein) is a pro‑apoptotic 

member (13). These proteins are activated by various intracellular and extracellular stimuli, rendering them 

sensitive to environmental changes and subject to tight physiological regulation (14). 
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Consequently, the Bcl‑2 family has emerged as a promising therapeutic target in oncology (15) and also 

serves as a measurable marker for assessing whether cells are undergoing apoptosis. Therefore, Bcl‑2 and 

Bax gene expression was measured in this study to determine whether the medications induced apoptosis. 

TLR4 is expressed within the liver on various cell types, including Kupffer cells and hepatocytes (16), and 

its stimulation leads to the activation of a pro‑inflammatory response (17). Hesperidin has also demonstrated 

hepatoprotective effects against other agents in previous studies, including ethanol (18), carbon tetrachloride 

(19), mercury (20), and doxorubicin (21). 

Research has shown that this compound exhibits antiviral and antibacterial activity, both as a 

monotherapy and in combination with other agents, and may also modulate immune function. However, its 

most extensively investigated property is its anti‑inflammatory effect, with studies demonstrating efficacy 

in managing allergic reactions and reducing local edema at inflammatory sites. These observations have 

given rise to the hypothesis that its mechanism may involve histamine reduction, as well as antioxidant 

activity through free radical scavenging (22). The aim of the present study was to evaluate the potential 

hepatoprotective effects of various doses of hesperidin against atorvastatin‑induced hepatotoxicity. 

Methods 

In this experimental study, 30 male Wistar rats, aged 10‑12 weeks and weighing approximately 230 

grams, were used. They were housed in the animal facility of Mustansiriyah University under standardized 

conditions (23, 24), including controlled temperature, humidity, and a 12‑hour light/dark cycle. Pellet diet 

was provided for nourishment, along with unlimited access to tap water. The experimental procedures were 

reviewed and approved by the Mustansiriyah University College of Pharmacy Animal Ethics Committee 

(Ref. No. 150/23.10.2023). The rats were divided into five groups (Figure 1). 

Atorvastatin and Hesperidin: Atorvastatin (purchased from AstraZeneca, Germany) and hesperidin 

(purchased from China) were both dissolved in DMSO. The required doses were calculated based on the 

experimental groups and the body weight of each rat, and were then administered accordingly. 

Study design: Thirty Wistar male rats were randomly and equally divided into five groups, each group 

containing six rats, and received treatment as follows: 

Group 1 (negative control group): received normal saline via oral gavage for 20 days. 

Group 2 (positive control group): received a toxic dose of 80 mg/kg of atorvastatin to induce 

hepatotoxicity. The doses were administered via oral gavage for 20 days. 

Group 3: received a toxic dose of 80 mg/kg of atorvastatin together with a low dose of 50 mg/kg of 

hesperidin. The doses were administered via oral gavage for 20 days. 

Group 4: received a toxic dose of 80 mg/kg of atorvastatin together with a moderate dose of 100 mg/kg of 

hesperidin. The doses were administered via oral gavage for 20 days. 

Group 5: received a toxic dose of 80 mg/kg of atorvastatin together with a high dose of 200 mg/kg of 

hesperidin. The doses were administered via oral gavage for 20 days. 

The animals were then sacrificed, and the liver of each rat was harvested for further gene expression 

studies (Table 1). A small portion of each liver sample was immersed in TransZol solution in Eppendorf 

tubes for subsequent measurement and comparison of Bax, Bcl‑2, and TLR‑4 gene expression. 
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Figure 1. Division of rats into 5 study groups. All animals received their drugs by oral gavage. 

 

Table 1. Primer sequences used in this study 

Primer Sequence 5ʹ→3ʹ direction 

Bax 

Forward 

Reverse 

 

AGGATCGAGCAGAGAGGATG 

GTCCAGTTCATCGCCAATTC 

Bcl-2 

Forward 

Reverse 

 

GGTGGTGGAGGAACTCTTCA 

ATGCCGGTTCAGGTACTCAG 

TLR 4 

Forward 

Reverse 

 

CAGGGAATTAGGCTCCATGA 

TCCATGACAGAACGGTCAAA 

β-actin 

Forward 

Reverse 

 

CTATCGGCAATGAGCGGTTCC 

TGTGTTGGCATAGAGGTCTTTACG 

 

After 20 days, blood samples were collected, serum was separated, and the liver was harvested. 
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Total RNA was extracted from liver tissue using TRIzol reagent, followed by phase separation and 

ethanol precipitation. cDNA synthesis was carried out using EasyScript® reverse transcriptase, and primers 

were prepared with nuclease‑free water. β‑actin was used as the housekeeping gene, and primer sequences 

were designed using Primer‑BLAST (NCBI). Quantitative PCR was performed using TransStart® qPCR 

according to the manufacturer's protocol (25). 

Data analysis was conducted using the Statistical Package for Social Sciences (SPSS) software. All 

results were expressed as mean±standard error of the mean (SEM). Intergroup comparisons were performed 

using Student's t‑test and one‑way analysis of variance (ANOVA), followed by Tukey's post hoc test for 

multiple comparisons. Statistical significance was set at p<0.05. 

Results 

In Group 2, which received 80 mg/kg of atorvastatin (0.29±0.25-fold), the mean tissue Bcl‑2 expression 

was significantly lower compared to Group 1 (normal saline, 1.00±0.43-fold) (p<0.05). The addition of 

hesperidin produced varying effects on Bcl‑2 expression. The combination of atorvastatin (80 mg/kg) with 

hesperidin (50 mg/kg) (0.88±0.67-fold) did not show a significant change compared to Group 2. In contrast, 

atorvastatin (80 mg/kg) with hesperidin (100 mg/kg) (7.17±1.12-fold) resulted in significantly higher Bcl‑2 

expression compared to Group 2 (p<0.05). However, the combination with the highest dose of hesperidin 

(200 mg/kg) (1.91±1.24-fold) did not demonstrate a significant change compared to Group 2 (p<0.05) 

(Table 2, Figure 2). 

 

Table 2. Effect of atorvastatin and hesperidin on Bcl‑2 expression in the male rat model. Data 

are presented as mean fold change±standard error of the mean (SEM) 

Group Gene expression (fold) 

Control group given normal saline 1.00±0.43 a 

Induction group (80 mg/kg of atorvastatin) 0.29±0.25 b 

80 mg/kg atorvastatin + 50 mg/kg hesperidin 0.88±0.67 b 

80 mg/kg atorvastatin + 100 mg/kg hesperidin 7.17±1.12 c 

80 mg/kg atorvastatin + 200 mg/kg of hesperidin 1.91±1.24 b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Bcl‑2 amplification plots by RT‑PCR. Samples in the figure included all study groups (n=30), and the 

image was captured directly from the Qiagen Rotor‑Gene PCR instrument 
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For Bax gene expression, Group 2 (atorvastatin 80 mg/kg) showed a mean fold change of 1.81±0.48, 

which was significantly higher than that of Group 1 (saline, 1.00±0.15) (p<0.05). The addition of hesperidin 

resulted in a dose‑dependent reduction in Bax expression. The combination of atorvastatin with 50 mg/kg 

hesperidin yielded a mean fold change of 0.67±0.19, which was significantly lower than atorvastatin alone 

(p<0.05). Similarly, atorvastatin with 100 mg/kg hesperidin (0.34±0.12) also showed a significantly lower 

mean Bax fold change compared to atorvastatin alone (p<0.05). The lowest mean Bax expression was 

observed in the group receiving atorvastatin with 200 mg/kg hesperidin (0.07±0.04), which was significantly 

lower than atorvastatin alone (1.81±0.48) (p<0.05) (Table 3, Figure 3). RT‑PCR amplification plots for Bax 

are shown in Figure 4, with samples from all study groups (n=30), and the image was captured directly from 

the Qiagen Rotor‑Gene PCR instrument. 

 

Table 3. Effect of atorvastatin and hesperidin on Bax expression in the male rat model. Data are 

presented as mean±standard error (SE) 

Group Gene expression (fold) 

Control group given normal saline 1.00±0.15a 

Induction group given 80 mg/kg of atorvastatin 1.81±0.48b 

80 mg/kg atorvastatin + 50 mg/kg hesperidin 0.67±0.19c 

80 mg/kg atorvastatin + 100 mg/kg hesperidin 0.34±0.12d 

80 mg/kg atorvastatin + 200 mg/kg of hesperidin 0.07±0.04e 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Effects of atorvastatin and different doses of hesperidin on Bcl‑2 and Bax gene expression. 

Data are presented as mean fold change. 

 

 

 

 

 

Figure 3. Effects of atorvastatin and different  
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Figure 4. Bax amplification plots obtained by RT‑PCR. The figure includes samples from all study groups 

(n=30), and the image was captured directly from the Qiagen Rotor‑Gene PCR instrument. 

 

For TLR‑4 gene expression, Group 2 (atorvastatin 80 mg/kg) showed a mean fold change of 1.61±0.36, 

which was significantly higher than that of Group 1 (saline, 1.00±0.15, p<0.05) (Figure 5). The addition of 

hesperidin produced varying effects on TLR‑4 expression. The combination of atorvastatin with 50 mg/kg 

hesperidin (1.33±0.55-fold) did not result in a significant change compared to atorvastatin alone. Similarly, 

atorvastatin with 100 mg/kg hesperidin (0.44 ± 0.40-fold) also showed no significant difference compared 

to atorvastatin alone (p<0.05). However, the combination of atorvastatin (80 mg/kg) with the highest dose 

of hesperidin (200 mg/kg) (0.13±0.01-fold) resulted in a significantly lower TLR‑4 expression compared to 

atorvastatin alone (1.61±0.36-fold, p<0.05) (Table 4, Figure 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. TLR‑4 amplification plots obtained by RT‑PCR. The figure includes samples from all study groups 

(n=30), and the image was captured directly from the Qiagen Rotor‑Gene PCR instrument. 
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Table 4. Effect of atorvastatin and hesperidin on TLR4 expression in the male rat model 

Group Gene expression (fold) 

Control group given normal saline 1.00±0.15a 

Induction group given 80 mg/kg of atorvastatin 1.61±0.36b 

80 mg/kg atorvastatin + 50 mg/kg hesperidin 1.33±0.55 b 

80 mg/kg atorvastatin + 100 mg/kg hesperidin 0.44±0.40b 

80 mg/kg atorvastatin + 200 mg/kg of hesperidin 0.13±0.01c 

                    Results were expressed as Mean±SE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Effects of atorvastatin and different doses of hesperidin on TLR‑4 expression. Data are 

presented as Mean±SD. 

Discussion 

The results demonstrated a marked up‑regulation of the pro‑apoptotic gene Bax in the 

atorvastatin‑treated group (80 mg/kg), with expression levels nearly doubling those of the control group. 

Concurrently, expression of the anti‑apoptotic gene Bcl‑2 was down‑regulated to less than half of control 

levels. These findings indicate that 80 mg/kg of atorvastatin triggered hepatocyte apoptosis. The activation 

of the programmed cell death pathway may have been initiated by cellular leakage, membrane permeability 

damage, or oxidative stress. 

The present findings regarding Bcl‑2 expression are in agreement with those of an in vitro study by 

Radha et al. on vascular smooth muscle cells (26). However, they contradict the results of an in vivo 

investigation by Blanco‑Colio et al. (27), suggesting that the effects of atorvastatin on Bcl‑2 expression may 

be tissue‑specific and context‑dependent. 

The Bax findings are inconsistent with those of some studies, including an in vivo study published in 

2020 (28), but are consistent with a study from 2009 (29). These discrepancies may again be explained by 

different effects of atorvastatin on different tissues. 

 

 

Figure 6. Effects of atorvastatin and different doses of hesperidin on TLR‑4 expression. Data are 

presented  
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In the other treatment groups, varying gene expression levels were observed. Bax was consistently 

down‑regulated with increasing doses of hesperidin, suggesting a dose‑dependent reduction in cell death. 

Notably, the combination of 80 mg/kg atorvastatin with 100 mg/kg hesperidin resulted in a 7‑fold 

up‑regulation of Bcl‑2 compared to the control group, indicating that this group received the greatest 

protection against apoptosis. This suggests that the anti‑inflammatory and antioxidant properties of 

hesperidin provided sufficient cellular protection to restore balance and prevent cell death. These findings 

regarding the protective effect of hesperidin were expected, as they are consistent with previous research 

conducted on multiple occasions, including a study on a male rat model in 2020 that reported a significant 

increase in Bcl‑2 levels and a decrease in Bax levels following hesperidin exposure. The authors attributed 

this effect to the antioxidant properties of hesperidin (30). 

The present findings revealed a significant up‑regulation of TLR4 expression following atorvastatin 

administration, along with a protective effect conferred by hesperidin. While some earlier investigations 

have reported that atorvastatin down‑regulates TLR4 (31), conflicting data exist in the literature suggesting 

the opposite effect (32). These divergent observations may be attributable to tissue‑specific variations in 

TLR4 expression and the different dosages of hesperidin employed across studies. 

Hesperidin, however, has a growing body of evidence demonstrating its ability to suppress reactive 

oxygen species (33) through various mechanisms, including inhibition of cyclooxygenase enzymes, which 

results in the suppression of inflammatory markers (34‑36). In rats, hesperidin at doses of 100 mg/kg and 

200 mg/kg has been shown to up‑regulate the levels of the endogenous antioxidant enzyme glutathione in 

hepatocytes (37). Even a dose of 50 mg/kg of hesperidin has been reported to improve overall health status 

in a rat model (38). Collectively, these studies support our findings regarding the pro‑inflammatory effect 

of atorvastatin and the anti‑inflammatory effects of hesperidin. 

According to the findings, it is observed that hesperidin has antioxidant protective effects against the 

hepatotoxic effects of atorvastatin when given in large doses. Therefore, monitoring of liver function is 

essential for patients who take atorvastatin as part of their prescribed medications, especially for those who 

are considered high‑risk patients, such as those with pre‑existing liver problems. Hesperidin was found to 

reduce liver damage in this situation. 

Conflicts of Interest: The authors declare that there are no conflicts of interest that could have influenced 

this study. 

Acknowledgment 

The researchers would like to extend their sincere gratitude to the College of Pharmacy, Mustansiriya 

University, for their cooperation and ongoing support throughout this work.  

                             9 / 12



10                  The Effect of Atorvastatin and Different Doses of Hesperidin on Hepatotoxicity/ T. Falih Chichan, et al 

Journal of Babol University of Medical Sciences, 2026; 28: e34 

References 

1.Trefts E, Gannon M, Wasserman DH. The liver. Curr Biol. 2017;27(21):R1147-R1151. 

2.Saukkonen JJ, Cohn DL, Jasmer RM, Schenker S, Jereb JA, Nolan CM, et al. An official ATS statement: 

hepatotoxicity of antituberculosis therapy. Am J Respir Crit Care Med. 2006;174(8):935-52. 

3.McGill MR, Jaeschke H. Animal models of drug-induced liver injury. Biochim Biophys Acta Mol Basis Dis. 

2019;1865(5):1031-9. 

4.Alberts AW, Chen J, Kuron G, Hunt V, Huff J, Hoffman C, et al. Mevinolin: a highly potent competitive inhibitor 

of hydroxymethylglutaryl-coenzyme A reductase and a cholesterol-lowering agent. Proc Natl Acad Sci U S A. 

1980;77(7):3957-61. 

5.Cholesterol Treatment Trialists’ (CTT) Collaboration; Baigent C, Blackwell L, Emberson J, Holland LE, Reith C, 

Bhala N, et al. Efficacy and safety of more intensive lowering of LDL cholesterol: a meta-analysis of data from 170,000 

participants in 26 randomised trials. Lancet. 2010;376(9753):1670-81. 

6.Herrick JB. Landmark article (JAMA 1912). Clinical features of sudden obstruction of the coronary arteries. By 

James B. Herrick. JAMA. 1983;250(13):1757-65. 

7.Wong ND, Levy D. Legacy of the framingham heart study: rationale, design, initial findings, and implications. Glob 

Heart. 2013;8(1):3-9. 

8.Castelli WP, Anderson K, Wilson PW, Levy D. Lipids and risk of coronary heart disease. The Framingham Study. 

Ann Epidemiol. 1992;2(1-2):23-8. 

9.Law MR, Wald NJ, Thompson SG. By how much and how quickly does reduction in serum cholesterol concentration 

lower risk of ischaemic heart disease?. BMJ. 1994;308(6925):367-72. 

10.Law MR, Wald NJ, Rudnicka AR. Quantifying effect of statins on low density lipoprotein cholesterol, ischaemic 

heart disease, and stroke: systematic review and meta-analysis. BMJ. 2003;326(7404):1423. 

11.Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH, et al. 2013 ACC/AHA guideline 

on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: a report of the American 

College of Cardiology/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2014;63(25 

Pt B):2889-934. 

12.Garg A, Garg S, Zaneveld LJ, Singla AK. Chemistry and pharmacology of the Citrus bioflavonoid hesperidin. 

Phytother Res. 2001;15(8):655-69. 

13.Chen H, Nie T, Zhang P, Ma J, Shan A. Hesperidin attenuates hepatic lipid accumulation in mice fed high-fat diet 

and oleic acid induced HepG2 via AMPK activation. Life Sci. 2022;296:120428. 

14.Ola MS, Nawaz M, Ahsan H. Role of Bcl-2 family proteins and caspases in the regulation of apoptosis. Mol Cell 

Biochem. 2011;351(1-2):41-58. 

15.Kroemer G, Galluzzi L, Vandenabeele P, Abrams J, Alnemri ES, Baehrecke EH, et al. Classification of cell death: 

recommendations of the Nomenclature Committee on Cell Death 2009. Cell Death Differ. 2009;16(1):3-11. 

16.Shokoohi M, Khaki A, Shoorei H, Khaki AA, Moghimian M, Abtahi-Eivary SH. Hesperidin attenuated apoptotic-

related genes in testicle of a male rat model of varicocoele. Andrology. 2020;8(1):249-58. 

17.Mencin A, Kluwe J, Schwabe RF. Toll-like receptors as targets in chronic liver diseases. Gut. 2009;58(5):704-20. 

18.Park HY, Choi HD, Eom H, Choi I. Enzymatic modification enhances the protective activity of citrus flavonoids 

against alcohol-induced liver disease. Food Chem. 2013;139(1-4):231-40. 

                            10 / 12



The Effect of Atorvastatin and Different Doses of Hesperidin on Hepatotoxicity/ T. Falih Chichan, et al                 11 

Journal of Babol University of Medical Sciences, 2026; 28: e34 

19.Hassan AA, Thabet NM, Abdel-Rafei MK. Hyaluronan as a mediator for the hepatoprotective effect of 

Diosmin/Hesperidin complex. Pak J Pharm Sci. 2018;31(4):1191-201. 

20.Bharathi E, Jagadeesan G, Vijayakumar M. Hepato-ameliorative effect of hesperidin and ellagic acid on mercuric 

chloride intoxicated rats. Biomed Aging Pathol. 2014;4(1):17-21. 

21.Hozayen WG, Abou Seif HS, Amin S. Protective effects of ruitn and/or hesperidin against doxorubicin-induced 

hepatotoxicity. Int J Clin Nutr. 2014;2(1):11-7. 

22.Jean T, Bodinier MC. Mediators involved in inflammation: effects of Daflon 500 mg on their release. Angiology. 

1994;45(6 Pt 2):554-9. 

23.Jawad MR, Jasim GA. Biochemical and Histopathological evaluation of prostatic tissue under effect of 

Pterostilbene in benign prostatic hyperplasia rat model. Al Mustansiriyah J Pharm Sci. 2023;23(2):196-213. 

24.Alghulami OM, Jasim GA, Jasim SY. Histopathological evaluation of docetaxel effects in treatment of rheumatoid 

arthritis induced in rat model. Al Mustansiriyah J Pharm Sci. 2023;23(2):168-79. 

25.Kumar S, Stecher G, Tamura K. MEGA7: Molecular Evolutionary Genetics Analysis Version 7.0 for Bigger 

Datasets. Mol Biol Evol. 2016;33(7):1870-4. 

26.Radha G, Raghavan SC. BCL2: A promising cancer therapeutic target. Biochimica et Biophysica Acta (BBA)-

Reviews on Cancer. 2017;1868(1):309-14. 

27.Blanco-Colio LM, Villa A, Ortego M, Hernández-Presa MA, Pascual A, Plaza JJ, et al. 3-Hydroxy-3-methyl-

glutaryl coenzyme A reductase inhibitors, atorvastatin and simvastatin, induce apoptosis of vascular smooth muscle 

cells by downregulation of Bcl-2 expression and Rho A prenylation. Atherosclerosis. 2002;161(1):17-26. 

28.Bayatmakoo R, Rashtchizadeh N, Yaghmaei P, Farhoudi M, Karimi P. Atorvastatin inhibits cholesterol-induced 

caspase-3 cleavage through down-regulation of p38 and up-regulation of Bcl-2 in the rat carotid artery. Cardiovasc J 

Afr. 2017;28(5):298-303. 

29.Qian X, Zhu M, Song J, He X. Effects of atorvastatin on serum lipids, cardiomyocyte apoptosis and related genes 

in rats. J King Saud Univ-Sci. 2020;32(2):1725-30. 

30.Schweitzer M, Mitmaker B, Obrand D, Sheiner N, Abraham C, Dostanic S, et al. Atorvastatin mediates increases 

in intralesional BAX and BAK expression in human end-stage abdominal aortic aneurysms. Can J Physiol Pharmacol. 

2009;87(11):915-22. 

31.Ye D, Li FY, Lam KS, Li H, Jia W, Wang Y, et al. Toll-like receptor-4 mediates obesity-induced non-alcoholic 

steatohepatitis through activation of X-box binding protein-1 in mice. Gut. 2012;61(7):1058-67. 

32.Wang Y, Zhang MX, Meng X, Liu FQ, Yu GS, Zhang C, et al. Atorvastatin suppresses LPS-induced rapid 

upregulation of Toll-like receptor 4 and its signaling pathway in endothelial cells. Am J Physiol Heart Circ. Physiol. 

2011;300(5):H1743-52. 

33.Miller YI, Viriyakosol S, Binder CJ, Feramisco JR, Kirkland TN, Witztum JL. Minimally modified LDL binds to 

CD14, induces macrophage spreading via TLR4/MD-2, and inhibits phagocytosis of apoptotic cells. J Biol Chem. 

2003;278(3):1561-8. 

34.Ghanim H, Sia CL, Upadhyay M, Korzeniewski K, Viswanathan P, Abuaysheh S, et al. Orange juice neutralizes 

the proinflammatory effect of a high-fat, high-carbohydrate meal and prevents endotoxin increase and Toll-like 

receptor expression. Am J Clin Nutr. 2010;91(4):940-9. 

                            11 / 12



12                  The Effect of Atorvastatin and Different Doses of Hesperidin on Hepatotoxicity/ T. Falih Chichan, et al 

Journal of Babol University of Medical Sciences, 2026; 28: e34 

35.Hirata A, Murakami Y, Shoji M, Kadoma Y, Fujisawa S. Kinetics of radical-scavenging activity of hesperetin and 

hesperidin and their inhibitory activity on COX-2 expression. Anticancer Res. 2005;25(5):3367-74. 

36.Lawrence T. The nuclear factor NF-kappaB pathway in inflammation. Cold Spring Harb Perspect Biol. 

2009;1(6):a001651. 

37.Vabeiryureilai M, Lalrinzuali K, Jagetia G. Determination of anti-inflammatory and analgesic activities of a citrus 

bioflavanoid, hesperidin in mice. Immunochem Immunopathol: Open Access. 2015;1(107):2. 

38.Parmar MS, Syed I, Gray JP, Ray SD. Curcumin, Hesperidin, and Rutin Selectively Interfere with Apoptosis 

Signaling and Attenuate Streptozotocin-Induced Oxidative Stress-Mediated Hyperglycemia. Curr Neurovasc Res. 

2015;12(4):363-74. 

 

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://www.tcpdf.org

