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Background: Local effects of the renin-angiotensin-aldosterone system have received pronounced 

attention due to their involvement in various physiological activities. The current study aimed to assess the 

protective effects of two distinct doses of azilsartan on cardiac and hepatic tissues of rats challenged with 

ethanol. 

Methods: Thirty-two male Wistar rats were allocated into four groups, negative and positive control, and 

low and high doses of azilsartan groups. Except for the negative control, all groups received ethanol on day 

14 of the treatment. After euthanizing the animals; blood samples were sent for measuring liver enzymes, 

lipid profiles, hematological markers, C-reactive protein (CRP), TNF-α, malondialdehyde (MDA), and 

Total antioxidant capacity (TAOC). The cardiac indices were also calculated. Additionally, an in-silico 

molecular docking study was performed.  

Results: The high dose of azilsartan demonstrated the capability to reduce the aminotransferase, alanine 

transaminase, TNF-α, CRP, and MDA levels and elevate the level of TAOC. The low dose of azilsartan 

decreased the plasma's atherogenic index. In silico molecular docking demonstrated that azilsartan 

exhibited superior inhibitory activity against six proteins, with affinity values (-9.5 to -8.1 kcal/mol).  

Conclusion: The cardioprotective and hepatoprotective effects of azilsartan could be attributed to its anti-

inflammatory and antioxidant properties, as demonstrated through both in vivo and in silico studies. 
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Introduction

The The renin-angiotensin-aldosterone system (RAAS) 

controls blood pressure while maintaining bodily fluids 

balance. Its principal active hormone, angiotensin II (Ang 

II), is generated through a sequential process involving the 

breakdown of peptides originating from the initial 

angiotensinogen molecule. Ang II interacts with distinct 

receptors, setting off diverse arrays of physiological 

responses that affect various body systems, such as the 

cerebrum, cardiac, kidneys, blood vessels, and the body’s 

immune system. However, the major function of the 

RAAS lies in upholding vascular homeostasis and 

safeguarding optimal body fluid levels [1,2]. Ang II 

activities include stimulation of two kinds of receptors, 

namely AT1R and AT2R. While AT2R is largely 

expressed during fetal development and becomes more 

active in pathological situations, AT1R is widely 

distributed in adult tissues. The major biological effects of 

Ang II, such as blood pressure control, salt and water 

retention, hormone secretion, and renal function, as 

well as local impacts of Ang II on cellular growth, 

movement, and extracellular matrix synthesis, are 

mediated through binding to AT1R. Studies showed 

that Ang II interaction with AT2R is well known for 

counteracting the effects mediated by AT1R [3]. In 

addition to the well-known systemic effects of RAAS, 

various organs and tissues contain their own localized 

RAAS which mediate a wide range of cellular 

processes, including tissue inflammation, fibrogenesis, 

cell proliferation, differentiation, apoptosis, and the 

production of reactive oxygen species (ROS) [4,5]. It is 

crucial to remember that systemic and local RAASs 

function in a complementary and coordinated manner. 

Studies have revealed that key components of the 

RAAS are present in the normal liver, and their 
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expression change in response to liver injuries [6]. 

Hepatocytes, bile duct cells, hepatic stellate cells, 

myofibroblasts, Kupffer cells, and vascular endothelial 

cells are among liver cell types that have the AT1R 

receptor, Ang II largely exerts its effects on the liver 

through this receptor. Additionally, some studies have 

noted the presence of the AT2R gene in liver tissue, 

indicating that AT2R might exert protective influences 

against hepatic fibrosis [6,7]. The AT2R mediates several 

tissue-protective actions in the pathophysiological setting, 

including anti-inflammation, immune modulation, anti-

fibrosis, inhibition of sympathetic outflow, anti-apoptosis, 

and anti-neurodegeneration [8,9]. Many of these activities 

converge in the setting of heart failure in a well-

coordinated manner. For instance, AT2R stimulation 

performs anti-inflammatory activity by reducing cytokine 

production and anti-fibrotic effect by inhibiting TGF-β 

formation in rats with heart failure induced by cardiac 

infarction; therefore, improving peri-infarct remodeling 

and enhancing cardiovascular performance [10,11]. 

Moreover, the advantageous effects of stimulating AT2R 

have been observed in various other disease models, such 

as cardiovascular conditions, complications related to 

diabetes, autoimmune disorders, neurological ailments, 

and others. These findings have been associated with 

improved overall health outcomes [12]. Aside from its 

primary physiological roles, an imbalance within the 

RAAS can significantly contribute to the onset of health 

issues such as high blood pressure, cardiac hypertrophy, 

and heart attack. Consequently, drugs designed to hinder 

the production or actions of Ang II have proven to be 

highly beneficial in the field of cardiovascular therapy. 

Blockades of the excessive activation of the RAAS 

through various medications, such as angiotensin receptor 

blockers (ARBs), significantly affect the management of 

conditions such as high blood pressure, congestive heart 

failure, and kidney disorders [13]. Azilsartan, an 

innovative ARB, exhibits superior efficacy in lowering 

blood pressure compared to its counterparts within the 

same class. This heightened effectiveness stems from its 

increased binding affinity to AT1 receptors and slow 

dissociation rate from them [14]. Previous research 

demonstrates that azilsartan exhibits various 

pharmacological effects and multifaceted health 

advantages related to endothelial failure, stroke, breast 

tumors, inadequate kidney supply, and pulmonary 

damage [15,16]. Excessive fat intake triggers the 

hepatoprotective effect of azilsartan on nonalcoholic liver 

disease, as revealed by a previous study [17]. 

Consequently, the present research aimed to assess the 

potential defensive properties of two different 

concentrations of azilsartan on the liver and heart of rats 

challenged with ethanol. Additionally, to gain a deeper 

understanding of the way these enzymes function, their 

activity was assessed, and their interactions at the active 

site were analyzed through molecular docking studies 

involving target proteins. This approach enhanced our 

comprehension of the mechanisms of action of these 

enzymes. 

 

Materials and Methods 

Thirty-two adult male Wistar Albino rats, ranging in 

weight from 180 to 230 g, were sourced from the 

animal house at the University of Sulaimani. They were 

housed in adequately ventilated plastic cages, 

maintaining a temperature of 25 °C and a humidity 

level of 55%, with a 12-hour light-dark cycle. The rats 

had ad libitum access to standard laboratory chow and 

water. Before the experiment began, a one-week 

acclimatization period was observed. The research 

procedures adhered to the guidelines outlined by the 

Institutional Animal Ethics Committee and were 

approved by the Ethical Committee of the University 

of Sulaimani, specifically its College of Pharmacy 

(Certificate No. PH34-21 on 20th October 2023). The 

study was carried out under the 1998 standards of the 

Canadian Council on Animal Care. The animals were 

randomly divided into four groups. Ethanol dosages, 

administration routes, and treatment groups were 

determined based on prior research [18,19]. 

The following groups each have eight rats: 

• Negative Control group: Over a period of 14 days, 

orally via a gavage tube 1 mL of distilled water was 

given. 

• Positive Control group: For 14 days, orally through 

a gavage tube animals were given 1 mL of distilled 

water before receiving 1 mL of 80% ethanol orally 2 h 

later on day 14th. 

• Azilsartan treatment groups (16 animals, 8 per 

dose): Over 14 days, 1 mg/kg and 10 mg/kg were used 

orally via a gavage tube daily. 

On 14th day of the experiment, all animals underwent 

a 24-hour fasting period during which they only had 

unrestricted access to water. Following this fast, with 

the exception of the negative control group, each 

animal received an oral dose of 1 ml of 80% ethanol 2 

h subsequent to the initial treatment administration, and 

scarification was performed 1 h later. 

Estimation of atherogenic indices: 

The indices related to atherosclerosis were computed 

in the following manner: [20] 

Cardiac Risk Ratio (CRR) =TC/HDLC  

Atherogenic Coefficient (AC) = (TC – HDLC)/HDLC  

Atherogenic Index of Plasma (AIP) = log (TG/HDLC). 

 

Biochemical tests 

At the end of the study on day 14, blood samples 

were collected via cardiac puncture. The blood was 

centrifuged, and the serum was separated and used to 

assess serum lipids profile, liver enzymes, cardiac risk 

ratio, atherogenic index of plasma, hematological 
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markers, TNF-α, MDA, and TAOC, by using ELISA kit 

(Bioassay technology laboratory, UK) according to the 

manufacturer's instructions. C-reactive protein (CRP) 

levels were measured using an enzyme-linked 

immunosorbent test kit (Elabscience, Houston, TX, USA) 

as directed by the manufacturer. 

 

Molecular docking study  

Azilsartan was received from PubChem, saved as an 

Structural data file (SDF), and then converted to a Protein 

Data Bank (PDB) file with Open Babel. The ligand energy 

was reduced using the Merck Molecular Force Field 94 

(MMFF94) force field method, and the scaled structure 

was converted to Protein Data Bank, Partial Charge (Q) & 

Atom Type (T) (PDBQT) format using PyRx 0.8 before 

molecular docking analysis. The six proteins' crystal 

structures were obtained from the PDB (PDB IDs: 7T83, 

7DOV, 1B09 , 1Z9H, 3TCM, and 1AAM) [21,22]. The 

Discoverystudio2021 client was used to remove water 

molecules, heteroatoms, co-crystallized ligands, and all 

protein chains except for chain A. Autodock-Tool-1.5.6 

29 was used to apply the polar hydrogens and Kollman 

charges. PyRx was used to convert the PDB file into 

PDBQT format. Finally, the PyRx docking tool (Python 

Prescription 0.8) was used to dock Azilsartan with 

previously synthesized proteins. The binding site is 

selected based on the co-crystallized ligand of the target 

proteins. PyRx affinity scores (in kcal/mol) for the 

chemical were gathered and analyzed using the free 

energy binding theory (more negative values indicate 

stronger binding affinity). University of California, San 

Francisco Chimera (UCSF) Chimera 1.15 and the 

Discoverystudio2021 client were used to show 

immobilization (posture) configurations and receptor-

ligand interactions at the molecular level [23]. 
 

Statistical evaluation 

GraphPad Prism 8 was used to statistically analyze 

the collected data. The data were presented as mean ± 

standard deviation (SD). Group comparisons were 

conducted using one-way analysis of variance 

(ANOVA) followed by Tukey multiple comparison 

tests. Unpaired t-tests were utilized to compare each 

group with the positive control group. A P-value of less 

than 0.05 was considered statistically significant. 

 

Results  

The results of the In vivo study  

Influence of different azilsartan dosages on serum lipid 

profiles and atherogenic indices 

Figure 1 illustrates the impact of graded concentration 

of azilsartan on the serum lipid profiles and atherogenic 

indices in the rat model challenged with ethanol. The 

administration of azilsartan at doses of 1 mg/kg and 10 

mg/kg did not induce notable alterations in serum lipid 

profiles in comparison to the ethanol-treated group, 

which served as the positive control except for serum 

Very low density lipoprotein (VLDL) in which the 

level was significantly reduced by the low dose of 

azilsartan compared to the ethanol group with 

(p=0.0411; Figures 1A-E). Although the change in both 

the cardiac risk ratio and the atherogenic coefficient is 

not significant, azilsartan (10mg/kg) shows a 

significant escalation in the atherogenic index of 

plasma indicating an increase when compared to the 

positive control group. 

 

 

Figure 1. Effect of azilsartan on A) Cholesterol, B) Triglycerides (TG), C) Low density lipoprotein (LDL), D) Very low density lipoprotein (VLDL), E) 

High density lipoprotein (HDL), F) Atherogenic index, G) Cardiac risk ratio and H) Atherogenic coefficient. Values were presented as mean ± S.D (n= 8 

animals in each group); values with (*) are significantly different from the positive control using ANOVA and post hoc test (* p<0.05), and (** p<0.01). 
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Influence of different azilsartan dosages on serum liver 

enzyme levels 

The findings of the present investigation demonstrated 

a significant decrease in aspartate aminotransferase (AST) 

levels following the administration of 10 mg/kg azilsartan 

(p=0.0196), compared to the ethanol-treated cohort. This 

reduction was akin to that observed in the negative control 

cohorts (p=0.008) when juxtaposed against the positive 

control group (Figure 2A). Furthermore, regarding the 

impact on serum alanine transaminase (ALT) levels, a 

significant reduction was observed with the 

administration of azilsartan at a dosage of 10 mg/kg 

(p=0.0408) in contrast to the positive control group 

(Figure 2B).
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Figure 2. Effect of azilsartan on A) aspartate aminotransferase (AST), and B) alanine aminotransaminase (ALT) .Values were presented as mean ± S.D (n= 

8 animals in each group); values with (*) are significantly different from the positive control using ANOVA and post hoc test (* p<0.05), and (** p<0.01). 

 

Influence of different azilsartan dosages on levels of 

inflammatory and oxidative stress markers in the blood 

The positive control group showed a sgnificant elevation 

in CRP levels compared to the negative control group 

(p<0.0001). Both 1 mg/kg and 10 mg/kg doses of azilsartan 

exhibited a significant decrease in CRP levels (p<0.0001) 

compared to the positive control group, similar to levels 

observed in the negative control group. Conversely, the 

ethanol-treated group displayed a significant rise in TNF-α 

serum levels compared to the negative control group 

(p<0.0001). However, administration of 10 mg/kg azilsartan 

resulted in a significant reduction in TNF-α levels (p=0.004) 

compared to the positive control group. Moreover, the 

neutrophil-to-lymphocyte ratio (NLR) notably increased in 

the ethanol-treated group compared to the negative control 

group (p=0.0097), with the high dose of azilsartan 

significantly attenuating this ratio compared to the ethanol 

group (p=0.023). Monocyte to lymphocyte ratio (MLR) 

significantly increased in the ethanol-treated group 

compared to the negative control group, (p=0.033), and 10 

mg/kg of azilsartan decreased the ratio when compared to 

the ethanol group; however, it failed to achieve statistical 

significance. Additionally, no significant changes were 

observed in platelets to lymphocyte ratio (PLR), (p>0.05; 

Figure 3A-E). 

In this study, the overall antioxidant capacity notably 

declined with ethanol administration in contrast to the 

control group without treatment, as indicated by a 

substantial decrease (p=0.002). However, the 

introduction of azilsartan at a dosage of 10 mg/kg 

significantly reversed this reduction (p<0.0001). 

Conversely, the application of 1 mg/kg azilsartan yield no 

significant difference compared to the ethanol-treated 

group (refer to Figure 4A). Moreover, the level of MDA, 

a marker of oxidative stress, significantly increased with 

ethanol exposure compared to the untreated control group 

(p<0.0001). Remarkably, both doses of azilsartan 

(1mg/kg and 10mg/kg) effectively mitigated this 

elevation, demonstrating significant reductions (p<0.001) 

and (p<0.0001) respectively, compared to the ethanol-

treated group (Figure 3 F and G).
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Figure 3. Effect of azilsartan on A) C-reactive protein (CRP), B) Tumor necrosis alpha (TNF-α), C) Neutrophil to lymphocyte ratio (NLR), D) Monocyte to 

lymphocyte ratio (MLR), E) Platelets to lymphocyte ratio (PLR), F) Total antioxidant capacity (TAOC), and G) Malodialdehyde (MDA). Values were presented as 

mean ± S.D (n= 8 animals in each group); values with (*) are significantly different from the positive control using ANOVA and post hoc test (* p<0.05), (** p<0.01), 

(*** p<0.001), and (**** p<0.0001). 

 

Influence of different doses of azilsartan on hematological 

markers 

Table 1 displays the average values of hematologic 

parameters observed in both control and experimental groups 

following a 15-day administration of azilsartan. The data 

suggests that there were no notable variances in hemoglobin 

(Hb), hematocrit (HCT), red blood cell (RBC) count, or 

platelet count when compared to the control group. 

Conversely, a statistically significant increase was found 

in white blood cell (WBC) count in the control group 

compared to the ethanol-treated group (p=0.034). 

 
Table 1. Effect of azilsartan on hematological markers in rats challenged with ethanol 

Parameter 
Negative control D.W. 

1 ml (n=8) 

Ethanol 80% 

1 ml (n=8) 

Azilsartan 

1 mg/kg (n=8) 

Azilsartan 

10 mg/kg (n=8) 

HB g/dl 15.3 ± 1 15.7 ± 0.5 14.2 ± 1.9 15.1 ± 1.9 

HCT (%) 49.2 ± 2.4 47.75 ± 1.7 43.6 ± 4.5 46.7 ± 5.2 

RBC (×109 cells/l) 8 ± 0.7 8.1 ± 0.28 7.3 ± 0.6 7.8 ± 1.1 

WBC (×109 cells/l) 18.5 ± 5.9* 12.6 ± 3.7 16.9 ± 3.6 11.7 ± 3 

Platelet (×109 cells/l) 642 ± 164 649 ± 117 779 ± 101 755 ± 264 

Values are mean ± STD; N: number of animals; * significantly different from the ethanol-treated group (paired t-test, P<0.05); Hb: Hemoglobin; Hct: 

hematocrit; RBC: red blood cells; WBC: white blood cell 

 

The results of molecular docking  

In the present study, azilsartan's binding affinities against 

six important protein targets associated with heart and liver 

protection were studied in silico. Targets include AT1R, 

inflammatory markers (TNF-α, and CRP), oxidative stress 

(MDA), and liver enzymes (ALT, and AST). Co-crystallized 

structures of the protein targets were sourced from the 

Protein Data Bank (PDB IDs: 7T83, 7DOV, 1B09, 1Z9H, 

3TCM, and 1AAM), respectively. 

Molecular docking of azilsartan – AT1R interaction 

Azilsartan's molecular docking results against the 

AT1R (PDB ID: 7T83), showed a good binding affinity 

of -8.3 kcal/mol, indicating that it has a favorable 

interaction profile with AT1R. As shown in Figure 4A, 

Azilsartan establishes two hydrogen bonds with important 

amino acid residues, ARG33 and SER55. The presence of 

the ethoxy group and the imidazole ring in azilsartan is 

likely to enhance the stability of its binding to the AT1R 
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through the formation of hydrogen bonds. Significant 

hydrophobic interactions have been identified including pi-

alkyl interactions with ARG33 and ARG99 due to the 

presence of aromatic rings in the azilsartan structure. 

 

Molecular docking of azilsartan–inflammatory markers 

interaction 

Azilsartan's molecular docking studies demonstrate that it 

has potential therapeutic effects against two inflammatory 

markers (TNF-α and CRP). It has a higher binding affinity 

for TNF-α than CRP, suggesting that it may alter 

inflammatory responses based on binding affinities and 

interaction patterns.  

As observed in Figure 4B, the docking result shows that 

azilsartan and TNF-α have a binding affinity of -9.2 kcal/mol 

(PDB ID: 7DOV). An important interaction between 

Azilsartan and TNF-α, a crucial cytokine implicated in 

systemic inflammation, is suggested by this high binding 

affinity. The presence of carboxyl and ethoxy groups in 

azilsartan is crucial for establishing strong hydrogen bonding 

interactions with the amino acid residues ASN47 and 

GLN54 of TNF-α. These interactions enhance the binding 

affinity of ligand to TNF-α, thereby potentially improving its 

inhibitory effects on this pro-inflammatory cytokine. In 

addition, the 5-oxo-1,2,4-oxadiazole moiety and the aromatic 

rings in azilsartan play a critical role in establishing 

hydrophobic contacts through pi-alkyl and pi-sigma 

interactions with the amino acid residues ARG81 and 

VAL56. 

 The CRP-azilsartan complex formed five hydrophobic 

bonds which include alkyl, pi-alkyl, pi-sigma, pi-pi stacked, 

and pi-piTstacked with LEU43, VAL153, PRO12, LYS201, 

LEU204, VAL10, TYR40, and PHE199 through the 

interaction of methyl, aromatic rings, and imidazole ring, 

which are essential for hydrophobic interactions (Figure 4C). 

The binding affinity of this complex is indicated by a docking 

score of -8.1 kcal/mol, reflecting a good interaction between 

the ligand and the CRP protein. 

 

Molecular docking of azilsartan–oxidative stress interaction 

Azilsartan, a compound, has shown significant binding 

affinity against oxidative stress-related protein, MDA (PDB 

ID: 1Z9H).  

Azilsartan's docking studies against MDA, produce a 

binding score of -8.4 kcal/mol, exhibiting a favorable binding 

affinity via both hydrogen and hydrophobic interactions, 

which are essential for the complex's stability. The 

complex formed two hydrogen bond interactions through 

the amino acid residues THR109 and TYR251, facilitated 

by the presence of the carboxylic acid functional group. 

The carboxylic acid group acts as a hydrogen bond donor 

and acceptor, enabling effective interactions with the 

hydroxyl group of THR109 and the carbonyl group of 

TYR251. Additionally, the complex exhibits five 

hydrophobic bonds with the amino acid residues CYS110, 

PRO111, PRO134, and ILE246 that are referred to for 

alkyl interactions (Figure 4D). Azilsartan's structure 

possesses aromatic rings as well as an imidazole ring, 

which facilitates these interactions. 

 

Molecular docking of the interaction between azilsartan 

and liver enzymes 

The molecular docking study of azilsartan against the 

liver enzymes ALT (PDB ID: 3TCM) and AST (PDB ID: 

1AAM) revealed that azilsartan has a significantly higher 

binding affinity for ALT than for AST, indicating a 

stronger interaction that may affect its metabolic actions 

in the liver. The ALT-azilsartan complex exhibited a 

favorable docking score of -9.5 kcal/mol, demonstrating a 

strong inhibitory effect on the ALT receptor. The 

carboxylic acid group of azilsartan formed three hydrogen 

bonds with amino acid residues ALA148, SER149, and 

ARG308. Additionally, azilsartan established six strong 

hydrophobic interactions, including pi-alkyl, pi-pi 

stacked, pi-pi T stacked, and pi-cation bonds, which may 

enhance the stability of its binding to the target protein 

through interactions with the aromatic rings, imidazole 

ring, and 5-oxo-1,2,4-oxadiazole alongside amino acid 

residues ARG22, VAL260, TYR19, TYR174, and 

SER298 (Figure 4E). 

Azilsartan exhibits binding affinities that target the AST 

receptor, with docking scores of -8.8 kcal/mol. These 

binding interactions enable the formation of hydrogen 

bonding; the presence of hydroxyl group is necessary for 

mediating this hydrogen bond interaction with GLN321.  

Furthermore, aromatic rings, imidazole rings, and 5-oxo-

1,2,4-oxadiazole play important roles in hydrophobic 

interactions with amino acid residues PRO56, LEU58, 

ILE318, MET326, ARG329, ASP50, GLU322, and 

ASP325 (Figure 4F). 

 



October 2025, Volume 19, Number  4 

203 

 

 

 

Hama Amin R, et al. Azilsartan Effects on Ethanol-induced Organ Damage. J Toxicol. 2025; 19(4): 197-206 

 

Figure 4. A) The binding mode of Azilsartan (Turquoise) at the pocket of the 7T83 and the 2D intermolecular binding interactions. B) Azilsartan (purple) binding 

pattern in the 7DOV pocket site, as well as 2D intermolecular binding interactions. C) Azilsartan (Green) binds to a specific pocket within the CRP and the 2D 

intermolecular binding interactions. D) Azilsartan (Grey) binding mode in the pocket site of the 1Z9H, and the 2D intermolecular binding interactions. E) The binding 

mode of azilsartan (Orange) at the pocket site of the 3TCM and the 2D intermolecular binding interactions. F) The binding mode of azilsartan (Yellow) at the pocket 

site of the 1AAM and the 2D intermolecular binding interactions. 

 

Discussion 

In vivo study 

Several mechanisms are involved in alcohol-induced 

hepatic and cardiac toxicity. The liver is the primary organ 

for alcohol metabolism producing harmful byproducts 

that damage liver cells. Persistent alcohol intake may 

result in liver conditions such as fatty liver, alcoholic 

hepatitis, and cirrhosis [24]. Cardiomyopathy is one of the 

well-known mechanisms of alcohol-induced cardiac 

toxicity [25]. Therefore, it is imperative to establish 

initiatives aimed at preventing, detecting early, and 

providing tailored treatment for the pertinent ailment [26]. 

Additional factors such as variations in genetic makeup, 

gender distinctions, concurrent use of substances  (e.g., 

tobacco or cocaine), as well as the presence of other 

cardiovascular risk factors such as hypertension and 

diabetes, have the potential to impact and exacerbate the 

progression of arrhythmogenic cardiomyopathy in 

individuals, thereby emphasizing the need for 

comprehensive care strategies [27]. The breakdown of 

ethanol through the alcohol dehydrogenase (ADH) 

pathway yields acetaldehyde and nicotinamide adenine 

dinucleotide (NADH) reduced form. The detrimental 

impacts of ethanol largely stem from alterations in the 

body's redox balance, characterized by elevated levels of 

NADH and depleted levels of nicotinamide adenine 

dinucleotide (NAD+). This shift in redox equilibrium, 

primarily driven by the ADH pathway, is associated 

with various metabolic disorders such as 

hyperlipidemia [28]. In the present study, a non-

significant elevation in lipid profiles was observed 

following ethanol administration, while a low dose of 

azilsartan effectively reduced triglyceride levels. 

Moreover, evidence shows that atherogenic indices are 

important in predicting cardiovascular risk, as the value 

increases, so does the risk of cardiovascular disease, 

and conversely, as the value decreases, the risk also 

decreases [29,30]. To the best of our knowledge, this 

study is the first to link azilsartan intake with lipid 

cardiovascular indices. A low dose of azilsartan in the 

current study resulted in a significant reduction in the 

AIP.  Azilsartan has been found in previous studies to 

attenuate atherosclerosis [31,32]. Furthermore, 

azilsartan has been shown to restore nitric oxide levels 

and thereby improve endothelium dysfunction [31]. 

The increased liver enzyme activities are generally 

considered to be a sign of hepatic diseases. The 

administration of the azilsartan ameliorated the levels 

of ALT and AST with simultaneous reductions in 

hepatic lipid peroxide levels, indicating a clear 

cytoprotective effect against alcohol-induced oxidative 

damage to liver tissues. The inflammatory biomarkers, 
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including CRP and TNF-α increased in response to 

ethanol administration. Ethanol triggers the activation of 

the NF-KB pathway, prompting the generation of several 

proinflammatory cytokines such as TNF-α. Consequently, 

this cascade initiates the expression of inflammatory 

indicators such as CRP. C-reactive protein, synthesized 

primarily by hepatocytes, is a circular pentameric protein 

whose concentration increases during inflammation. 

Elevated levels of CRP and TNF-α serve as indicators of 

alcohol-induced liver damage [33,34]. Other novel 

inflammatory markers, such as NLR and PLR, have 

recently been involved in the toxicity associated with 

alcohol-induced liver injury [35]. Ethanol administration 

elevated these ratios, although the increase was not 

statistically significant; a high dose of azilsartan 

significantly attenuated these ratios and the manifestation 

of other inflammatory biomarkers such as CRP and TNF-

α. According to a study by Kajiya et al. in 2011, a cellular 

test revealed that azilsartan prevented the activation of 

mitogen-activated protein kinases in vascular smooth 

muscle cells triggered by angiotensin II (AII), even after 

the drug was washed out with a delay [36]. This effect is 

likely due to azilsartan's inherent high affinity and strong 

binding properties [37]. Studies hypothesized that 

azilsartan demonstrated pleiotropic effects by potently 

boosting the expression of PPAR-γ while decreasing 

TNF-α production [37]. In line with the current findings, 

Hye Khan et al. (2014a) explained the protective effects 

of azilsartan in Zucker diabetic fatty rats stem from its 

ability to enhance glucose regulation, promote better 

balance within blood vessels, and reduce the levels of 

oxidative stress and inflammation [39]. Furthermore, 

azilsartan was shown to recover endothelium function in 

animal studies, as in diabetic mice normalization of eNOS 

function, along with the reduction of inflammation and 

oxidative stress, was observed [31]. A proposed 

mechanism of the pleiotropic effects of azilsartan could be 

related to the activation of PPAR-γ, an intracellular 

receptor that regulates lipid and glucose metabolism [40]. 

TAOC represents a crucial marker reflecting the body's 

antioxidant prowess, intimately linked with non-

enzymatic antioxidant defense mechanisms. Alcohol 

administration led to a notable decline in serum TAOC 

levels compared to the control group. However, pre-

treatment of rats with azilsartan, at doses of 1 and 10 

mg/kg prior to ethanol exposure, effectively replenished 

TAOC levels. Notably, there was a dose-dependent 

enhancement, with the highest dosage of azilsartan 

yielding the most substantial increase, akin to the standard 

group, indicating reinforcement of the rats' non-enzymatic 

antioxidant defense systems. MDA, an indirect marker of 

oxidative stress and a byproduct of lipid peroxidation 

causing cellular membrane damage was restored to 

baseline levels with the higher dosage of azilsartan. A 

study connected the protective antioxidant effect of 

azilsartan on brain endothelial cell dysfunction from 

oxidative stress to the activation of the PPAR-γ 

pathway [32]. Azilsartan has recently been proven to 

have a gastroprotective effect through increasing 

antioxidant capacity and attenuating inflammatory 

response [41]. Moreover, the present study revealed 

that the hematologic parameters were not significantly 

altered by each of the treatment groups, except for the 

WBC level which decreased significantly in the 

ethanol-treated group [42]. These findings suggest that 

azilsartan has no negative effect on the hematological 

markers [43]. 

 

Molecular docking  

Molecular docking studies spotlight azilsartan's 

binding affinities and processes, which helps to 

understand better how the drug interacts with cardiac 

and hepatic receptors and its pocket site. The docking 

results showed that azilsartan interacted with the 

proteins 7T83, 7DOV, 1B09, 1Z9H, 3TCM, and 

1AAM, confirming their inhibitory effects on targets. 

The affinity values ranged from -9.5 to -8.1 kcal/mol, 

with more negative values indicating a stronger binding 

affinity and a greater inhibitory effect or blockage 

against the target proteins. The obtained results, which 

are consistent with experimental findings, are enhanced 

by the combined results of in vivo and computational 

studies, which are supported by biochemical evidence. 

As illustrated in figures 5-10, hydrogen bonding 

interactions play a significant role in the binding ligand 

to various target proteins through functional groups 

such as carboxyl, hydroxyl, ethoxy, 5-oxo-1,2,4-

oxadiazole, and imidazole rings, with the exception of 

protein 1B09. In addition, hydrophobic interactions 

contribute substantially to the binding of the drug to the 

target proteins via functional groups, including 

aromatic rings, alkyl groups, imidazole, and 5-oxo-

1,2,4-oxadiazole. These interactions significantly 

reduce blood pressure in individuals with hypertension 

and have been shown to confer cardioprotective effects, 

inhibit inflammation, mitigate oxidative stress, and 

reduce liver enzyme levels. Therefore, azilsartan 

contains various functional groups, including both 

electron-donating and electron-withdrawing groups, 

which facilitate strong binding to target proteins and 

have a range of pharmacological effects. 

Studies have shown that the structure of azilsartan 

differs from that of other ARBs due to the presence of 

a unique moiety: a 5-oxo-1,2,4-oxadiazole ring, which 

replaces the tetrazole ring found in candesartan, 

valsartan, olmesartan, losartan, and irbesartan. It has 

been proposed that even minor variations in the 

molecular structures of ARBs can result in significant 

differences in their capacity to interact with the AT1 

receptor. Likewise, small structural alterations in 

ligands for other G-protein-coupled receptors might 

result in different pharmacological effects [37, 44, 45]. 
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The finding of a study by Miura et al. revealed that 

azilsartan and candesartan bind to the same AT1 receptor 

sites, with stronger hydrogen bonding between the 

oxadiazole of azilsartan and Gln257 than that between the 

tetrazole of candesartan and Gln257. This interaction 

reduces blood pressure in hypertension patients and has 

cardioprotective effects. It is suggested that azilsartan's 

unique binding behavior, attributed to its 5-oxo-1,2,4-

oxadiazole moiety, may explain its superior BP-lowering 

efficacy compared to candesartan and other ARBs [46]. 
 

Conclusions 

The findings of the current study demonstrate the 

hepatoprotective and cardioprotective activity of 

azilsartan against ethanol-evoked damage both in vivo 

and in silico studies. The suggested pathways involve 

ameliorating oxidative stress and inflammation. These 

findings may indicate the effectiveness of azilsartan for 

other therapeutic purposes. Nonetheless, further 

experimental and clinical investigations are necessary to 

confirm these preliminary results in clinical settings. 
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