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Abstract 

The present investigation was undertaken to evaluate the pathomorphological alterations associated 

with arsenic-induced sub-chronic toxicity in Wistar rats and its amelioration with resveratrol. Thirty-six 

adult male Wistar rats were randomly divided into six groups (n=6). Group I served as normal control, 

Group II as disease control (NaAsO₂ @ 10 mg/kg b.wt. orally for 60 days), Group III received 

treatment same as Group II along with telmisartan (10 mg/kg b.wt. orally for 60 days) as a reference 

control group and Groups IV-VI received treatment same as Group II along with resveratrol at graded 

doses (4, 8, and 16 mg/kg b.wt. orally for 60 days). The disease control group exhibited a significant 

reduction (p<0.05) in body weight, hematological parameters, and alterations in biochemical indices 

including increased ALT, ALP, BUN, and creatinine with decreased total protein levels. Antioxidant 

assays revealed significant elevation in lipid peroxidation and depletion of SOD and catalase activities 

in the disease control group. Treatment with resveratrol and telmisartan ameliorated these changes in a 

dose-dependent manner. Histopathological examination of the aorta revealed lesions consistent with 

oxidative stress and inflammation. Special staining of the aorta further demonstrated vascular 

alterations, which were markedly reduced in the resveratrol (16 mg/kg) and telmisartan-treated groups. 

The study concludes that resveratrol exhibits potent antioxidant and cytoprotective efficacy against sub-

chronic arsenic-induced vascular and systemic toxicity, comparable to telmisartan. 
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Introduction 

Metals are natural constituents of the Earth's crust and enter the environment through erosion 

and weathering. However, anthropogenic activities such as mining, electroplating, tanning, 

and chemical manufacturing have greatly increased the release of heavy metals, resulting in 

serious ecological and health hazards (Jaishankar et al., 2014; Yadav et al., 2017) [15, 51]. 

Among these, arsenic is one of the most widespread and toxic environmental contaminants. 

It occurs naturally in both organic and inorganic forms, with the inorganic species arsenite 

(As³⁺) and arsenate (As⁵⁺) being highly toxic due to their reactivity with thiol groups in 

biological systems (Souza et al., 2020) [40]. 

Chronic arsenic exposure through contaminated water is a global public health concern 

affecting over 200 million people across regions including India, Bangladesh, and China 

(Turk et al., 2019) [42]. The World Health Organization (WHO, 2011) and US-EPA (2001) 

recommend a maximum limit of 0.01 ppm arsenic in drinking water, while higher 

concentrations up. 

to 14.2 ppm have been reported in parts of India (Mazumder and Dasgupta, 2011). Prolonged 

exposure leads to multisystem toxicity, affecting hepatic, renal, cardiovascular, reproductive, 

and nervous systems, and is linked to carcinogenesis (Bhowmick et al., 2018) [6]. 

Experimental evidence indicates that arsenic induces oxidative stress, inflammation, and 

vascular dysfunction, contributing to cardiovascular diseases and hypertension (Waghe et al., 

2015; Khatun et al., 2024) [17, 47]. 
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Maintaining vascular integrity is essential for cardiovascular 

health, and disruption of endothelial homeostasis leads to 

pathological consequences 

Recently, natural phytochemicals have gained significant 

attention as safer therapeutic alternatives to synthetic drugs. 

Resveratrol (trans-3,4,5-trihydroxystilbene), a polyphenolic 

compound found in grapes, peanuts, and red wine, exhibits 

potent antioxidant, anti-inflammatory, and cytoprotective 

properties (Rizvi et al., 2010) [31]. It scavenges reactive 

oxygen species and modulates redox-sensitive signaling 

pathways, thereby reducing oxidative DNA damage and 

lipid peroxidation (Mognetti et al., 2024) [22]. 

 

Materials and methods 

Chemicals 

Sodium meta arsenite A.R was obtained from Jai Maruthi 

Scientific Bangalore, manufactured by M/s NICE Chemicals 

Private Limited, Kochi. and Resveratrol (M. W: 228.24 

g/mol and CAS number 501-36-0) was procured from M/s 

Dhamtech pharmaceutical limited, Navi Mumbai. 

Telmisartan (M. W: 514.617 g/mol and CAS number 

144701-48-4) was used as standard drug for reference 

control. It was procured from Intas pharmaceutical limited, 

Ahmedabad, India. 

 

Experimental Animals 

Male Wistar rats (N = 36) of 6-8 weeks of age and weighing 

~ 150-200 g was obtained from an authorized vendor 

(Chromed Biosciences Private limited Labs Plot No.C- 38, 

KIADB, Industrial area, Hirehalli, Mydala, Tumkur, 

Karnataka-572168 (Reg. No. 

2171/PO/RcBiBt/S/22/CCSEA). They were housed in Small 

Animal House facility, Veterinary College Hassan, in 

polypropylene cages and maintained under standard 

management practices including light: dark cycle of 12 h 

each. Experimental rats were fed with standard rodent chow 

(Amrut®, Ms. Pranav Agro Industries Ltd, M.H, India, 

supplied by a local vendor) and given free access to water 

ad libitum. Prior approval of the Institutional Animal Ethics 

Committee (IAEC) was obtained (Approval No: 

HVC/IAEC/12/2024, dated 13-05-2025) to carry out the 

current investigation as per the guidelines of the Committee 

for the Control and Supervision of Experiments on Animals 

(CCSEA) New Delhi. 

 

Experimental Design 

After 1 week of acclimatization, the experimental rats were 

randomly divided into six groups as detailed below: group-I 

(n = 6): Served as control group and received 0.5 per cent 

(W/V) aqueous methylcellulose containing 0.2 per cent 

(W/V) tween 80. Group-II (n = 6): received sodium (meta) 

arsenite (Na2AsO3) @ 10 mg/kg for a period of 60 days. 

Group-III (n = 6) received telmisartan (1% aqueous solution 

made by using Tween- 80 as a vehicle) @ 10 mg/kg; per os) 

daily 1 h after the administration of arsenic as a reference 

control along with Na2AsO3) @ 10 mg/kg orally for 60 

days. Groups IV, V and VI were treated with Resveratrol 1 

h before the administration of sodium meta arsenite, at doses 

of 4 mg/kg, 8 mg/kg and 16 mg/kg body weight, 

respectively, orally for 60 days with 0.5 per cent (W/V) 

aqueous methylcellulose as a vehicle. 

General Observation and Body Weight 

All the animals were observed for general clinical signs if 

any, during the course of the study period twice daily. The 

animals were weighed individually on a digital scale for 

every seven days to adjust the dosage of compounds during 

the experiment and to evaluate the effect of treatments on 

their body weights till the end of the experiment. 

After end of experiment overnight fasting was done (but had 

free access to drinking water ad libtum), and they were 

sacrificed [i.e., day 61 (morning hours)] under anesthesia 

overdose (Ketamine hydrochloride @ 40 mg/kg; i.p and 

Xylazine hydrochloride @ 10 mg/kg; i.p) and subjected to 

further studies. 

 

Hematobiochemical analysis 

On the 61st day of the experiment, blood samples were 

collected for hematological and biochemical analyses. 

Hematological parameters including Hb, TEC, TLC, PCV, 

MCV, MCH, and MCHC were estimated using a Mindray 

BC-2800VET auto hematology analyzer at the Department 

of Teaching Veterinary Clinical Complex, Veterinary 

College, Hassan. For biochemical analysis, blood collected 

in serum vacutainers was centrifuged at 3000 rpm for 15 

minutes, and the separated serum stored at −20°C was 

analyzed for ALT, ALP, total protein, BUN, and creatinine 

using an Artos Elita semi-automatic biochemistry analyzer 

with Swemed Biomedicals Pvt. Ltd. kits. 

 

Preparation of Aorta Tissue Homogenate 

The abdominal aorta was rapidly excised, rinsed in 

phosphate buffer, blotted dry, and stored at −80°C for 

antioxidant enzyme analysis. For tissue homogenate 

preparation, 500 mg of the abdominal aorta from each rat 

was minced, transferred to a 10 ml Borosil® glass 

homogenizer, and homogenized with 5 ml of ice-cold 50 

mM potassium phosphate buffer (pH 7.4) at 3-5°C (Camp et 

al., 2003). The homogenate was centrifuged at 10,000 × g 

for 10 minutes, and the supernatant was stored at −80°C for 

estimation of superoxide dismutase, catalase, and 

thiobarbituric acid reactive substances (MDA 

concentration). 

 

Determination of Superoxide Dismutase (SOD) Activity 

The SOD activity in the aorta was determined by the 

procedure of Madesh and Balasubramanian [20]. Briefly, the 

reaction mixture contained 0.65 ml of PBS (pH 7.4), 30 μl 

of 3-(4-5 dimethyl thiazol 2-yl) 2,5-diphenyl tetrazolium 

bromide (1.25 mM), 75 μl of pyrogallol (100 μM) and 10 μl 

supernatant of aorta homogenate (10%). The mixture was 

incubated at room temperature for 5 min. and the reaction 

was stopped by adding 0.75 ml of dimethyl sulfoxide. The 

absorbance was read at 570 nm, and the activity was 

expressed as unit/mg protein. 

 

Determination of Catalase Activity 

The CAT activity in the aorta was assayed by the 

spectrophotometric method of Aebi [2]. In brief, 1.99 ml of 

phosphate buffer (50 mM, pH 7.0) and 10 μl supernatant of 

homogenate (10%) were taken in a cuvette. The reaction 

was started by adding 1 ml of H2O2 (10 mM), and the 

absorbance was recorded at every 30 s for 3 min at 240 nm 

against a water blank. The activity was expressed as mmol 

H2O2 utilized/min/mg protein. 
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Assessment of Peroxidative Damage 

Peroxidative damage of the aorta was assessed by evaluating 

lipid peroxidation (LPO) in terms of malondialdehyde 

(MDA) production as described by Paula et al., [29] In brief, 

1 ml of the aorta homogenate was mixed with 1 ml of 2% 

thiobarbituric acid, 1 ml of 25% HCl and 90 μl butylated 

hydroxytoluene. The mixture was kept in a boiling water 

bath for 10 min at 95 °C and then centrifuged. The 

supernatant was transferred to a quartz cuvette, and the 

absorbance was read at 535 nm. Results have been 

expressed as nmol MDA formed/g of aorta. 

 

Gross and histopathology 

A detailed post-mortem examination was conducted on all 

the sacrificed rats in all the experimental groups. The gross 

lesions were recorded and representative tissue samples of 

abdominal aorta was collected and preserved in 10% neutral 

buffered formalin for histopathological studies. Fixed 

tissues were processed by routine paraffin embedding 

technique. Sections of 5-6 (μ) thickness was cut and stained 

with routine Hematoxylin and Eosin method (H&E). 

Similarly, the standard procedure of Masson’s trichrome 

staining was employed to stain histopathological sections of 

the aorta. 

 

Statistical Analysis 

The values obtained from the various experiments were 

expressed as mean±S.E with ‘n’ equal to number of animals 

or samples. Data obtained were statistically subjected to 

one-way analysis of variance (ANOVA) followed by 

Duncan’s post hoc multiple comparison test using SPSS 

statistics software (IBM® SPSS® statistics software, 

Version 21.0.0, 2012, Armonk, NY, USA). The difference 

was considered significant at p<0.05 or lower. Graphical 

presentation of the data was carried out by using GraphPad 

Prism software programme (GraphPad® software Inc., 

Version 8.4.3; San Diego, CA, USA). 

 

Results 
The present study was undertaken to investigate the 

ameliorative effect of resveratrol against arsenic induced 

sub-chronic toxicity in Wistar rats. 

Sub-chronic exposure to ‘As’ did not show any acute signs 

of illness or mortality in any of the experimental groups. 

However, upon close clinical examination, normal control 

rats (Group I) remained healthy and active throughout the 

experimental period. Disease control rats (Group II) 

exhibited a minor degree of weakness, reduced feed intake, 

ruffled hair and dehydration after two weeks of arsenic 

exposure. Rats in Groups III to VI showed similar signs but 

with markedly reduced intensity and frequency. 

 

Body weight 

Throughout the experimental period, Group I (normal 

control) rats showed a steady and consistent increase in 

body weight. In contrast, Group II (disease control) rats 

exhibited a marked reduction in body weight gain from the 

3rd week onward following arsenic administration, showing 

a significant difference (p<0.05) compared to Group I. Rats 

in Group III (reference control) showed gradual 

improvement in body weight from the 3rd week, indicating 

partial recovery. Among the resveratrol-treated groups 

(Groups IV-VI), a dose-dependent improvement in body 

weight was observed, with Group VI showing body weight 

changes comparable to normal controls and Group V 

approaching normal values from the 4th week onward 

presented in Fig 1:. These findings indicate that resveratrol 

supplementation effectively mitigated arsenic-induced 

weight loss. 

 

Haematology 

On the 61st day, hematological parameters showed 

significant alterations among the experimental groups (Fig 

2:). The mean Hb level in Group I was 14.63±0.41 g/dl, 

while Group II exhibited a significant (p<0.05) decrease to 

10.36±0.45 g/dl. Treatment groups III, IV, V, and VI 

showed improved Hb values of 12.64±0.47, 11.74±0.32, 

12.99±0.45, and 14.09±0.30 g/dl, respectively, with Group 

VI comparable to controls. TEC decreased significantly 

(p<0.05) in Group II (6.12±0.29 × 10⁶/µl) compared to 

Group I (7.33±0.16 × 10⁶/µl), while Groups III-VI showed 

restoration (7.02±0.10 to 7.24±0.13 × 10⁶/µl). The total 

leucocyte count was markedly reduced in Group II 

(5.30±0.38 × 10³/µl) relative to Group I (8.35±0.08 × 

10³/µl), whereas treatment groups (7.01±0.32 to 7.85±0.31 × 

10³/µl) showed significant recovery. Similarly, PCV 

declined in Group II (30.38±0.74 %) compared to Group I 

(41.88±0.71 %), while Groups III-VI (36.31±0.90 % to 

40.66±1.33 %) exhibited significant improvement. MCV 

and MCH were significantly elevated in Group II 

(63.75±1.64 fL and 25.13±1.44 pg, respectively) compared 

to controls (51.51±1.36 fL and 17.01±0.53 pg), but 

treatment with resveratrol and telmisartan, normalized these 

values (MCV: 51.76±0.75-54.54±0.89 fL; MCH: 

18.67±0.69-23.12±0.82 pg). The MCHC decreased 

significantly (p<0.05) in Group II (26.20±0.88 %) compared 

to Group I (32.76±0.83 %), whereas Groups III-VI 

(30.16±0.52 % to 33.06±0.66 %) demonstrated marked 

restoration, with Group VI showing near-normal values. 

Overall, arsenic exposure induced anaemia and 

haematological disturbances, which were effectively 

ameliorated by resveratrol. 

 

Biochemistry 

Arsenic treated (Group II) rats showed a significant 

(p<0.05) rise in serum ALP (131.04±2.49 IU/L), ALT 

(71.22±1.16 IU/L), creatinine (0.84±0.04 mg/dl), and BUN 

(25.76±1.37 mg/dl), along with a marked decrease in total 

protein (5.71±0.25 g/dl), compared to Group I rats, which 

recorded 107.54±1.08 IU/L, 41.88±0.42 IU/L, 0.55±0.01 

mg/dl, 16.37±0.99 mg/dl, and 8.58±0.27 g/dl, respectively. 

The telmisartan-treated group (Group III) showed marked 

improvement with ALP 109.93±1.86 IU/L, ALT 48.56±1.51 

IU/L, total protein 7.44±0.19 g/dl, creatinine 0.67±0.02 

mg/dl, and BUN 20.53±0.72 mg/dl, all significantly 

(p<0.05) better than Group II. The resveratrol-treated groups 

(Groups IV-VI) also exhibited dose-dependent amelioration, 

with ALP values of 124.03±1.12, 110.99±0.97, and 

108.08±1.16 IU/L; ALT values of 56.85±1.62, 48.43±1.52, 

and 45.43±1.19 IU/L; total protein levels of 6.74±0.10, 

7.35±0.18, and 8.05±0.07 g/dl; creatinine levels of 

0.80±0.03, 0.68±0.06, and 0.63±0.06 mg/dl; and BUN levels 

of 23.32±0.21, 20.07±0.49, and 18.37±0.50 mg/dl, 

respectively. All treatment groups demonstrated significant 

(p<0.05) restoration of hepatic and renal biochemical 

parameters compared to Group II, with Group VI (high-dose 

resveratrol) showing values most comparable to the normal 

control group (Fig 3:). 
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Oxidative stress biomarkers 

On the 61st day of the experiment (Fig 4:), oxidative stress 

biomarkers showed marked alterations in the disease control 

group (Group II) compared to the normal control (Group I). 

 

Lipid peroxidation (LPO): 

The mean aortic LPO level was significantly (p<0.05) 

elevated in Group II (27.90±0.61 nmol MDA/g tissue) 

compared to Group I (7.07±0.11). The telmisartan-treated 

group (Group III) and resveratrol-treated groups (Groups 

IV-VI) showed a considerable reduction in LPO levels to 

7.59±0.35, 15.86±0.34, 10.91±0.38, and 7.10±0.30, 

respectively. Among these, Groups III and VI exhibited 

values comparable to the normal control, indicating 

effective protection against lipid peroxidation. 

 

Catalase (CAT) 
A significant (p<0.05) depletion in aortic catalase activity 

was observed in Group II (31.52±0.48 mmol H₂O₂ 

utilized/min/mg protein) relative to Group I (47.07±0.11). 

The telmisartan-treated (Group III) and resveratrol-treated 

(Groups IV-VI) rats exhibited increased CAT activities of 

42.59±0.52, 41.50±0.84, 43.43±0.93, and 46.83±1.26, 

respectively. All treatment groups showed significant 

improvement over Group II, with Group VI nearing normal 

values. 

 

Superoxide dismutase (SOD) 
The mean aortic SOD level was significantly (p<0.05) 

reduced in Group II (6.02±0.28 U/mg protein) compared to 

Group I (7.90±0.31). Treatment with telmisartan 

(7.63±0.36) and resveratrol at different doses (7.10±0.25, 

7.64±0.17, and 7.96±0.23 for Groups IV-VI, respectively) 

led to a significant (p<0.05) increase in SOD activity 

compared to Group II, with Groups III and VI showing 

values nearly identical to normal controls. 

 

Histological evaluation 

Histopathological analysis of the abdominal aorta showed 

intact vascular layers with normal architecture in Group I. 

Arsenic treated group (Group II) exhibited severe damage, 

including disrupted tunica adventitia, thickened tunica 

media, vacuolated intima, oedema, disorganized elastic 

laminae, and collagen deposition. Telmisartan treatment 

(Group III) improved vascular integrity with reduced medial 

thickening and restored elastic structure (Plates 17-19). 

Resveratrol-treated groups (IV-VI) showed dose-dependent 

recovery with progressive normalization of smooth muscle 

and elastic fibers and reduced collagen content, with Group 

VI displaying near-normal architecture. 

 

Discussion 

In the present study sub-chronic exposure to sodium (meta) 

arsenite (‘As’) (group-II) resulted in a significant (p<0.05) 

decrease in body weight (b.wt.) compared to other groups, 

aligning with previous reports (Hou et al., 2007; Alenzi et 

al., 2010; Yang et al., 2019; Zhang et al., 2021) [3, 14, 50, 52]. 

The reduction was likely due to arsenic-induced anorexia, 

decreased feed intake, and disrupted glucose metabolism 

(Garcia et al., 2006; Paul et al., 2007; Lu et al., 2011) [19, 26]. 

Telmisartan-treated rats (Group III) showed marked 

improvement, attributed to its antioxidant and anti-

inflammatory actions, suppression of lipid peroxidation, and 

activation of PPAR-γ, which enhances glucose utilization 

and metabolic balance (Fouad et al., 2012; He et al., 2010; 

Sharma et al., 2021) [10]. Among resveratrol-treated groups, 

Group VI showed near-normal weight, indicating dose-

dependent protection through enhanced glucose utilization, 

lipid metabolism, and antioxidant defense (Ray et al., 1999; 

Oak et al., 2005; Baur & Sinclair, 2006) [4, 24, 30]. 

In the present study, normal control rats (Group I) 

maintained stable hematological parameters, confirming 

physiological homeostasis, whereas arsenic-exposed rats 

(Group II) showed a marked decline in TEC, Hb, PCV, 

TLC, MCH, and MCHC with an increase in MCV, 

indicating macrocytic anemia caused by arsenic-induced 

oxidative stress, disruption of erythropoiesis, inhibition of 

heme synthesis, and interference with folate and vitamin B₁₂ 

metabolism (Flora et al., 2005; Acharyya et al., 2015) [1]. 

Telmisartan-treated rats (Group III) exhibited significant 

improvement due to its antioxidant, anti-inflammatory, and 

PPAR-γ agonistic effects, which enhanced bone marrow 

microenvironment, promoted erythropoiesis, reduced lipid 

peroxidation, and restored erythrocyte membrane stability 

(Schupp & Janke, 2006; Sharma et al., 2016). Resveratrol-

treated groups (IV-VI) showed dose-dependent 

normalization of hematological parameters by activating the 

Nrf2-ARE and SIRT1-PGC-1α pathways, which increased 

antioxidant enzyme activity, reduced oxidative stress and 

inflammation, improved mitochondrial energy metabolism, 

and protected bone marrow cells from apoptosis, resulting in 

restoration of red cell production and function, with Group 

VI values comparable to the control group (Pandey et al., 

2010; Wang et al., 2017) [25, 48]. 

In the present study, normal control rats (Group I) showed 

stable serum biochemical parameters, whereas arsenic-

exposed rats (Group II) exhibited a significant rise in ALP, 

ALT, BUN, and creatinine with a decrease in total protein, 

indicating hepatic and renal injury. These alterations were 

mainly due to arsenic-induced oxidative stress, lipid 

peroxidation, mitochondrial damage, and depletion of 

antioxidants (SOD, CAT), leading to hepatocellular 

membrane leakage and impaired protein synthesis (Pi et al., 

2003; Valko et al., 2005; Nandi et al., 2006) [27, 45]. 

Accumulation of methylated arsenic metabolites (MMA, 

DMA) in renal tubules further aggravated nephrotoxicity 

and elevated serum urea and creatinine (Vahter, 2002; 

Tseng, 2009) [41, 44]. Telmisartan-treated rats (Group III) 

showed significant restoration of biochemical values 

through its dual action as an AT₁ receptor blocker and 

partial PPAR-γ agonist, reducing oxidative stress and 

inflammation, stabilizing hepatocyte membranes, and 

improving antioxidant enzyme activity (Schupp et al., 2004; 

Sharma et al., 2010) [35, 38]. Resveratrol-treated groups (IV-

VI), particularly Group VI, displayed values comparable to 

normal controls due to its Nrf2-mediated antioxidant 

activation, which enhanced SOD, CAT, and GPx, reduced 

lipid peroxidation, and prevented renal tubular degeneration 

and hepatic enzyme leakage (Robb et al., 2008; Xia et al., 

2017; Sonmez et al., 2016) [32, 39, 49]. 

Arsenic-exposed rats (Group II) displayed a sharp rise in 

LPO and a fall in SOD and CAT, indicating severe 

oxidative stress from excess ROS generation, mitochondrial 

dysfunction, and inhibition of the Nrf2-ARE antioxidant 

pathway (Pi et al., 2003; Valko et al., 2005) [27, 45]. 

Telmisartan-treated rats (Group III) exhibited restored 

antioxidant enzyme activity and reduced MDA levels due to 

AT₁ receptor blockade and PPAR-γ activation, which 
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improved redox balance and antioxidant gene expression 

(Benson et al., 2004; Schupp et al., 2004) [5, 35]. Resveratrol-

treated groups (IV-VI), especially Group VI, showed near-

normal enzyme levels by activating Nrf2-ARE and PGC-1α 

pathways, enhancing mitochondrial stability, and 

suppressing inflammatory mediators like NF-κB and AP-1 

(Robb et al., 2008; Park et al., 2012) [28, 32]. Both telmisartan 

and resveratrol effectively mitigated arsenic-induced 

oxidative stress by restoring antioxidant defenses and 

preventing cellular damage. 

Histopathological examination of the Group I (normal 

control) aorta showed intact vascular layers and normal 

architecture with orderly elastic laminae. In contrast, Group 

II (arsenic-exposed) rats exhibited vascular degeneration 

characterized by disrupted tunica adventitia, thickened 

tunica media, vacuolation, edema, and irregular elastic 

laminae with collagen deposition, consistent with previous 

findings (Saad et al., 2006; Sinha et al., 2008; et al., 

2022) [33, 34]. These alterations arise from arsenic-induced 

oxidative stress, where excessive ROS generated via 

NADPH oxidase and mitochondrial dysfunction promotes 

lipid peroxidation, smooth muscle proliferation, and 

endothelial injury (Jalaludeen et al., 2015; Nirwane et al., 

2015; Cheng et al., 2022) [7, 16, 23]. However, resveratrol-

treated groups showed restoration of vascular integrity with 

normal tunica layers, reduced collagen deposition, and 

preserved elastic laminae, suggesting its protective effect 

through antioxidant, anti-inflammatory, and endothelial-

stabilizing actions (Das and Das, 2007; Robb et al., 2008; 

Ungvari et al., 2010; Li et al., 2019) [18, 32, 43]. 

 

 
 

Fig 1: Graphical representation of mean body weight (g) values of rats of different groups at weekly intervals 

 

 
 

Fig 2: Graphical representation of hematological parameters values of rats of different groups (Mean±SE) on final day (61st day) of the 

study. 
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Fig 3: Graphical representation of serum biochemical parameters values of rats of different groups (Mean±SE) on final day (61st day) of the 

study. 

 

 
 

Fig 4: Graphical representation of aortic tissue oxidative stress parameters values of rats of different groups (Mean±SE) on final day (61st 

day) of the study. 

 

 
 

 
 

Fig 5: Light microscopy of aorta stained with H & E stain, showing normal architecture (A, 100X), arsenic exposed group 

showed focal thickening of T. media, ( arrow) with irregular arrangement of elastic fibres and disruption of T. adventitia (

chevron) (B, 400X), telmisartan treated group showed focal disruption of smooth muscle elastic laminae ( arrow) with mild 

derangement of elastic fibers ( chevron) (C, 400X). 
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Fig 6: Light microscopy of aorta stained with Masson’s Trichrome showing normal architecture with linear arrangement of 

elastic laminae (  arrow) (A, 200X). arsenic treated group showed disruption of T. adventitia (  arrow) disorderly 

arrangement of elastic laminae in the T. media layer with mild to moderate deposition of collagen (B, 400X). telmisartan 

treated group showed disruption of T. adventitia with derangement of elastic fibers (  arrow) (C, 400X). Resveratrol treated 

group preserved dose dependent aortic architecture, 4mg showed mild disruption of T. adventitia, and derangement of elastic 

laminae (  arrow) (D, 400X). 8mg showed mild derangement of elastic laminae (  arrow) (E, 400X). 16mg showed linear 

arrangement of elastic lamiane (  arrow) (F, 200X). 

 
Table 1: The mean (± SE) body weight (g) values of rats of different experimental groups in the study at weekly interval 

 

Groups Day 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 

Group I 170.83±2.83a 181.66±2.23a 200.16±3.08a 223.16±2.08d 245.33±3.12de 268.5±3.86d 276.33±3.79c 282.83±4.04bc 294.5±3.35c 

Group II 172.66±3.91a 179.16±3.71a 191.33±2.51a 202±2.9a 212.83±3.3a 221.16±3.13a 228.83±4.62a 240.83±4.43a 250.33±2.98a 

Group III  171.16±4.61a 180.5±4.57a 193.16±3.84a 212.33±3.26bc 233.33±1.78c 255.5±1.45bc 264.83±1.92b 273.83±1.07b 277.66±1.14b 

Group IV  169.16±1.81a 179.5±0.84a 192.33±0.76a 210.16±0.94b 226.66±2.44b 253.16±1.53b 264.83±1.22b 275.83±1.79b 281.66±2.13b 

Group V  171±3.53a 181.33±2.2a 195.66±2.12a 215.16±2.93bc 239.5±0.67cd 261.33±1.33cd 271.16±1.97bc 280.66±2.18bc 289.16±1.95c 

Group VI  172.33±3.07a 182.16±1.66a 200.16±2.56a 219.16±2.84cd 247.16±0.94e 267.5±3.49d 277.83±3.26c 286.83±3.61c 294.83±2.05c 

Note: Mean±SE bearing different superscripts differ statistically significant at p <0.05 (n=6). 
 

Table 2: The mean (± SE) values of various hematological parameters of rats in different groups on final day (61st day) of the study 
 

Groups Group I Group II Group III Group IV Group V Group VI 

Hb (g/dl) 14.63±0.41d 10.36±0.45a 12.64±0.47b 11.74±0.32b 12.99±0.45bc 14.09±0.3cd 

TEC (106/µl) 7.33±0.16b 6.12±0.29a 7.02±0.1b 6.8±0.13b 7.14±0.14b 7.24±0.13b 

TLC (103/µl) 8.35±0.08d 5.3±0.38a 7.01±0.32b 7.32±0.14b 7.64±0.22bc 7.85±0.31cd 

PCV (%) 41.88±0.71d 30.38±0.74a 36.71±1.58bc 36.31±0.9b 38.38±2.23bcd 40.66±1.33cd 

MCV (fL) 51.51±1.36a 63.75±1.64b 53.25±1.69a 54.54±0.89a 52.75±1.08a 51.76±0.75a 

MCH (pg) 17.01±0.53a 25.13±1.44d 21.62±1.08bc 23.12±0.82cd 20.92±1.14bc 18.67±0.69ab 

MCHC (%) 32.76±0.83d 26.2±0.88a 31.04±0.72bc 30.16±0.52b 31.26±0.85bc 33.06±0.66d 

Note: Mean±SE bearing different superscripts differ statistically significant at p <0.05 (n=6). 
 

Table 3: The mean (± SE) values of various serum biochemical parameters of rats in different groups on final day (61st day) of the study 
 

Groups Group I Group II Group III Group IV Group V Group VI 

ALP IU/L 107.54±1.08a 131.04±2.49c 109.93±1.86a 124.03±1.12b 110.99±0.97a 108.08±1.16a 

ALT IU/L 41.88±0.42a 71.22±1.16d 48.56±1.51b 56.85±1.62c 48.43±1.52b 45.43±1.19ab 

TP g/dl 8.58±0.27d 5.71±0.25a 7.44±0.19c 6.74±0.1b 7.35±0.18c 8.05±0.07d 

CRT mg/dl 0.55±0.01a 0.84±0.04b 0.67±0.02a 0.80±0.03b 0.68±0.06a 0.63±0.06a 

BUN mg/dl 16.37±0.99a 25.76±1.37d 20.53±0.72b 23.32±0.21c 20.07±0.49b 18.37±0.5ab 

Note: Mean±SE bearing different superscripts differ statistically significant at p <0.05 (n=6). 
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 Table 4: The mean (± SE) values of various serum oxidative stress parameters of rats in different groups on final day (61st day) of the study 

 

Groups Group I Group II Group III Group IV Group V Group VI 

LPO (nmol MDA/g of tissue) 7.07±0.11a 27.90±0.61d 7.59±0.35a 15.86±0.34c 10.91±0.38b 7.10±0.30a 

CAT (‘mmol’ H2O2 utilized/min/mg protien) 47.07±0.11c 31.52±0.48a 42.59±0.52b 41.50±0.84b 43.43±0.93b 46.83±1.26c 

SOD (U/mg of protein) 7.90±0.31b 6.02±0.28a 7.63±0.36b 7.10±0.25b 7.64±0.17b 7.96±0.23b 

Note: Mean±SE bearing different superscripts differ statistically significant at p <0.05 (n=6). 

 

Conclusion 

The present study confirmed that oral administration of 

sodium arsenite (10 mg/kg b.wt.) for 60 days effectively 

induced systemic toxicity in male Wistar rats, as shown by 

altered hematobiochemical values, oxidative stress, lipid 

peroxidation, upregulated pro-inflammatory cytokines, 

NOX-2 gene expression, and vascular lesions. Telmisartan 

(10 mg/kg b.wt.) showed marked protective effects by 

restoring antioxidant balance, reducing oxidative stress and 

inflammation, and maintaining vascular integrity, serving as 

the standard antioxidant agent. Resveratrol produced dose-

dependent protection, with higher doses (8 mg/kg and 16 

mg/kg b.wt.) antioxidant, and histopathological parameters 

compared to the lower dose (4 mg/kg b.wt.). Overall, 

resveratrol exhibited strong vasculoprotective and 

antioxidative effects, highlighting its potential as a 

preventive and adjunct therapy against arsenic toxicity, 

though further mechanistic and clinical validation is 

required. 
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