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ABSTRACT 

Objectives: Alteration in lipid profiles and increased levels of oxidative stress have been implicated in the cardiotoxicity induced by arsenic. 
Selenium and vitamin E against metal-induced cytotoxicity have been showed protective effects and well documented. However, the effectiveness of 
them to reduce arsenic-induced cardiotoxicity in has not yet been evaluated. So, the present work was undertaken to investigate the cardio 

protective effects of them against arsenic-induced cardiotoxicity. 

Methods: In the present study, intraperitoneal dose of arsenic at 7.2mg/kg b.w./day for 30 days was used in Swiss albino mice as cardiotoxicant. 
Selenium at a dose of 10 µg/k.g./day and vitamin E at a dose of 20 mg/k.g./day for last 14 days of arsenic treatment were used separately and in 
combination (orally). They were studied in response to control and antioxidant control groups. 

Results: Sub-acute arsenic exposure resulted in decrease in antioxidant enzyme activities like superoxide dismutase, catalase, glutathione 
reductase, glutathione S-tranferase, glutathione peroxidase activities and elevated transaminase activities, cholesterol, triglycerides, low density 
lipoprotein and uric acid level in serum. Additionally, arsenic treatment increased protein carbonyl content, free hydroxyl radical and nitric acid 

formation in cardiac tissue. Other enzyme activities such as xanthine oxidase, nicotinamide adenine dinucleotide phosphate-oxidase, γ-glutamyl 
transpeptidase in cardiac tissue were also increased by arsenic.  

Conclusion: Appreciable beneficial effects of selenium and vitamin E co-administration against arsenic-induced changes in biochemical and 
histopathological parameters indicate that supplementation of vitamin E along with micronutrient selenium has anti-oxidative as well as anti-
lipidemic effects against arsenic-induced cardiotoxicity. 
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INTRODUCTION 

Arsenic is available worldwide as both organic and inorganic forms. 
It is used as an important semiconductor material, taxonomic 
sample and wood preservation [1]. Therapeutic efficacy of arsenic 
trioxide (As2O3) against acute promyelocytic leukemia is well 
established [2]. Unfortunately, the clinical usefulness of As2O3 has 
been limited by its cytotoxic effects for long treatment purpose. 
Cardio-toxic effects of arsenic trioxide, including QT prolongation 

and sudden cardiac death, have been reported earlier [3]. Arsenic 
causes oxidative damage in almost whole organ systems of human 
body by inducing ROS generation [4]. Arsenic is methylated to form 
monomethylated arsenic acid (MMA) and dimethylated arsenic acid 
(DMA) in liver. The degree of severity of arsenic toxicity depends on 
the detoxifying ability and varies on arsenic methylation capability of 

tissues [5, 6]. Arsenic is thought to be one of the causative factors of 
cardiovascular diseases [7]. Arsenic exposure via drinking water is 
associated with hypertension, peripheral vascular disease, 
cardiomyopathy and ischemic heart disease [8]. Long term arsenic 
exposure plays a key role in the pathogenesis of myocardial tissue 
leading to various cardiovascular complications and myocardial injury 

[9]. Fragmentation of DNA, reactive oxygen species (ROS) generation, 
changes in cardiac ion channels and apoptosis in the myocardial tissue 
are the possible mechanisms of arsenic-induced cardiotoxicity [10]. 
Selenium, an essential trace element for animals has been recognized 
as an antioxidant [11]. Selenium pre-treatment protected brain against 
restraint stress-induced oxidative damage in hippocampus, striatum 
and frontal cortex [12]. Protective effects of selenium against 

aluminum-induced liver injury were established earlier [13]. Selenium 
also exhibited protective effects against cadmium-induced testicular 
toxicity in cocks [14] and oxidative injury in trophoblast cells [15]. 
Vitamin E (Vit E) is the collective name for a group of lipo-soluble 
compounds derived from tocol and tocotrienol, alpha tocopherol 
being the one with greatest biological activity. The characteristic of 

“biological antioxidant” of Vit E derives from its molecular structure 
as its capability of fixing ROS types O2

−, O2
2−, and OH− [16, 17]. 

Vitamin E showed protection against bleomycin hydrochloride 
induced pulmonary fibrosis in rats [18]. Alpha-tocopherol showed 
prevention against cisplatin-induced nephrotoxicity [19]. In 

addition, alpha-tocopherol showed protection on vascular 
complication in spinal cord reperfusion injury in rats [20] as well as 
hypercholesterolemia-induced age-related diseases [21]. 

Inadequate information regarding mechanism of arsenic-induced 
cardiotoxicity draws attention to see whether the cardio-toxic 

effects of arsenic are mediated via alteration of lipid profile or any 
other mechanism like oxidative stress mediated tissue damage may 
also be involved.  In addition, the effects of combined 
supplementation of selenium and vitamin E will be elucidated 
whether these two antioxidants have any additive beneficial effects 
against arsenic-induced cardiotoxicity. 

MATERIALS AND METHODS  

Materials 

Sodium arsenite (NaAsO2), BSA, 5,5-Dithio-bis-2-nitrobenzoic acid, 
NADPH, GSH, TCA, nitro BT, EDTA, selenium, vitamin E, vitamin C, 2-
thiobarbituric acid and other chemicals used in the study are of 
analytical grade and purchased from the Sigma Aldrich, MERCK, CDH 

and SRL.  Biochemical Kits such as cholesterol, triglycerides, HDL, 
uric acid etc. were purchased from Coral clinical systems. 

Experimental Design 

42 Swiss albino mice weighing 30-40gm were purchased from 
CPCSEA registered animal supplier. They were then divided into six 
groups of equal average body weight and equal number (N=7) and 
kept in separate cages. Animals were acclimatized under laboratory 

conditions for two weeks before starting the experiment. All animals 
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received humane care as per CPCSEA guidelines. Animal ethical 
committee of Tripura University approved the protocols for the 
experiments before experimentation. 

Treatment schedule of the study 

The treatment schedule of the mice’ for the present study is given 
below:- 

Group A (Control): 0.9% NaCl/day (i.p.) was given to this group for 
30 days 
Group B (As-treated): 7.2mg of NaAsO2 /kg/day (i.p.) was 
administered to this group for a period of 30 days 

Group C (Selenium-supplemented): The animals of this group were 
treated with arsenic at the same dose and duration mentioned 
above, followed by co administration with selenium at a dose of 10 
µg/k.g./day for last 14 days of arsenic treatment. 
Group D (Vitamin E supplemented): This group was treated with 
sodium arsenite at the above mentioned dose and duration, followed 

by co administration with vitamin E at a dose of 20mg/k.g./day for 
last 14 days of arsenic treatment. 
Group E (Se+ vitamin E supplemented): The animals of this group 
were treated with arsenic at the dose and duration mentioned 
earlier, followed by co administration of selenium with vitamin E at 
their respective doses mentioned above for last 14 days of arsenic 
treatment  

Group F (Positive control vitamin C): Vitamin C at a dose of 100 mg 
/kg/day was administered in arsenic-treated mice during last 14 
days of treatment schedule. 

Animal Sacrifice 

Animals were sacrificed by cervical dislocation under light ether 
anesthesia.  

Collection of serum 

Blood was collected from the hepatic vein of all experimental 
animals and kept for clotting. Serum was collected and kept at -20˚C 
until biochemical analysis. 

Collection of heart tissue 

Hearts from the experimental animals were quickly excised and 

washed in ice-cold saline blotted dry. One heart from each group 
was kept for histological study and other six animals from each 
group were used for biochemical analysis. 

Preparation of Tissue Homogenate 

A 5% tissue homogenate of cardiac tissue was prepared in 0.1 M 
phosphate buffer (pH 7.4) using all glass homogenizer and kept at -
20oC until biochemical analysis was performed. 

Biochemical Studies 

Assessment of serum markers 

Creatine kinase (CK) activity 

Creatine kinase (CK) activity of serum was assayed by the 
method of Jacobus and Lehninger [22]. In the presence of 
creatinine phosphate CK helps to form ATP and creatinine. The 

production rate of NADPH by the serum samples were assayed 
by spectrophotometrically at 340nm. The temperature was 
maintained 370c for this assay. 

Serum LDH activity determination 

The LDH activity was measured by the consumption of by the rate of 
the consumption of pyruvate and DNPH according to the method of 

Bergmeyer [23]. In this process potassium buffer at 7.4 pH was using 
20 µl of serum sample. The change in optical density at 340nm due 
to oxidation of DNPH is measured. 

Serum glutamic-pyruvic transaminase and glutamic-oxaloacetic 

transaminase activity 

The serum GPT and GOT activities were determined by the method of 
Reitman & Frankel [24]. For the determination of serum GPT and GOT 

activities, glutamic-pyruvic substrate and glutamic-oxaloacetate 

substrate was prepared separately in 0.1M PB at 7.4 pH and used as 
substrates for them respectively. 2,4,-DNPH was used as colouring 
reagent in alkaline medium for both cases. 0.4 (N) NaOH was used in 
these experiments as the alkaline medium provider. After the formation 

of colour the reading was taken spectrophotometrically at 520nm. 

Serum γ -glutamyl transpeptidase determination 

Serum γ -glutamyl transpeptidase will be studied according to Szasz 
[25]. In this assay 1 ml of ammediol-HCl buffer (0.05M & pH 8.6) 
contain substrate γ-glutamyl-p-nitroanilide monohydrate was taken 
in a cuvette and 0.1 ml of serum is added to the cuvette. The change 

in absorbance was noted at 405 nm at regular time intervals. The 
calculation was done by using the extinction coefficient of γ-
glutamyl-p-nitroanilide which is 9900M-1cm-1. 

Other serum parameters determination by using standard kits 

The other serum markers such as cholesterol, triglycerides, HDL and 
uric acid related to cardiac dysfunction was also evaluated by using 

standard kits. The LDL cholesterol was determined by using 
Freidewald’s formula,  

LDL cholesterol = {total cholesterol – (triglycerides/5) – HDL 
cholesterol} 

Measurement of primary parameter of oxidative stress and 

endogenous free hydroxyl radical 

Protein carbonyl content 

Protein carbonyl content of cardiac tissue will be estimated 
according to the method of Stadtman & Levine [26]. The samples 
was treated with an equal volume of 10mM 2, 4-DNPH in 2.5 M HCl 
and incubated for 30 minutes at room temperature by vortexing in 
every 15 minutes. After that samples are then treated with 20% TCA 
and allowed to keep in ice. After centrifugation, the supernatant was 

discarded.  

The pallets were then washed two times with ethanol/ethyl acetate 
(1:1 v/v). The final precipitate was dissolved in 6% SDS and allowed 
for centrifugation again. The optical density was then recorded at 
370nm. The results were expressed as nmol of DNPH-
incorporated/mg protein based on the molar extinction coefficient 

of 22,000/M/cm. 

Assay of primary parameters of oxidative stress 

Reduced glutathione (GSH) content 

The GSH content in heart was estimated by the method of Ellman 
[27] as modified according to Davila et al. [28]. In this assay equal 
volume of 5% heart tissue homogenate was treated with 20% TCA 
containing 1 mM EDTA to allow precipitation of proteins. The 

centrifugate was then treated with freshly prepared Ellman’s 
reagent (DTNB in 1% sodium citrate). The reading was taken in a 
spectrophotometer at 412 nm. Tissue glutathione level was 
calculated from the standard curve generated using aliquots of 
solution having known concentration of GSH. 

Tissue lipid peroxidation (LPO) level 

Lipid peroxidation (LPO) was measured using the thiobarbituric 
acid (TBA) assay according to the method described by Buege and 
Aust [29]. One mill molar EDTA was used in the reaction mixture to 
chelate iron and reduce its interference in the peroxidation reaction 
of unsaturated fatty acids. The reaction mixture was then heated at 
80oC for colour development. The optical density was read at 533 

nm. The molar extinction co-efficient, 1.56 x 105 cm2/mmol of 
malondialdehyde was used to calculate the malondialdehyde 
production. 

Free ·OH radical generation determination 

2 hours before the sacrifice of animals each group was injected intra-
peritonially with 30% dimethylsulfoxide at a dose of 4 ml/kg/ body 
weight. Tissue homogenates were prepared by adding 10(N) H2SO4 

and allowed for centrifugation at 3000 rpm for 10 minutes for the 
determination of  free ·OH radical generation [30]. The supernatant 
is then mixed well with tolune-butanol (3:1) and kept in standing 
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position until the formation of an organic layer. The aqueous layer is 
then taken and allowed to mix with saturated butanol. The upper 
butanol phase was then allowed to react with 0.5M sodium acetate 
buffer (pH 5.0). After centrifugation the aqueous phase was allowed 

for the colour development with freshly 30 mM fast blue BB salt and 
kept in dark. After the formation of yellowish colour of the samples 
they were measured spectrophotometrically at 425 nm. 

Determination of tissue NADPH oxidase activity 

Tissue NADPH oxidase activity was measured by the method of Chen 
et al [31]. 0.05M Tris-HCl containing 0.25M sucrose is prepared at 

7.4pH and used for this experiment. 100µl of the supernatant with 
Tris-HCl and 1.06mM NADPH oxidase solution were mixed in a 
cuvette. Then the cuvette is allowed to read OD the change 
absorbance for 5 mins. The enzyme activity was calculated by using 
molar extinction coefficient of NADPH 6.22X103/M/cm. 

Xanthine oxidase activity 

Xanthine oxidase activity will be assayed according to the method of 
Bergmeyer et al. [32]. In this method 100 µl supernatant is added in 
50 mM Potassium Phosphate Buffer, pH 7.5 at 250c with 0.15 mM 
Xanthine solution and mixed well. This mixture is then use to 
determine the changes in optical density at 290 nm at a regular 
interval. A blank solution is also run in the same way.  Calculation is 
done by determining the δ-OD/min and by the use of mill molar 
extinction coefficient of uric acid which is 12.2. 

Determination of tissue Nitric oxide (NO) production 

Nitric oxide level in heart was measured by the method of Raso et 

al., [33]. The 5% tissue homogenate was prepared in 0.25 M 
sucrose solution and centrifuged at 6000 rpm at 40C for 10 
minutes. Equal volume of 0.25 M sucrose solution, 1% 

sulfanilamide and 0.1% napthylethylene diamine hydrochloride 
were then added to the supernatant and mixed well. After 20 
minutes of the total reaction, the optimal density was read at 550 
nm in a spectrophotometer. 

Determination of antioxidant enzyme activities 

GPX activity 

GPX activity of tissues will be assayed by the method as used by Maiti 
and Chatterjee [34]. 5% tissue homogenate was prepared in 0.1M 
phosphate buffer (pH 7.4). Supernatant is taken for this assay as sample. 
50 µl of sample is added with glutathione reductase in presence of 10mM 
GSH and phosphate buffer. It is then incubated for 10 minutes at 370c.  
Then 1.5mM NADPH is added to that and the optical density was 
recoded at 340 nm. After then H2O2 is added to the cuvette and OD value 

was recoded at 340 nm again. The enzyme activity was expressed as 
nmole NADPH oxidized/min/mg protein. 

Glutathione S-transferase activity 

Glutathione S-transferase activity will be assayed by the method of 
Warholm et al., [35]. 0.01M (pH 6.5) phosphate buffer containing 1 

mM EDTA, 20 mM GSH and 20 mM CDNB were added to the 
supernatant in a cuvette and the increase in absorbance was noted 
at 340 nm. The activity of GST was expressed as micromole of GSH-
CDNB conjugate formed/min /mg of protein. 

Superoxide dismutase (SOD) activity of tissues 

The assay of SOD activity is based on the SOD-mediated increase in 
the rate of auto oxidation of hematoxylin in aqueous alkaline 
solution, which yields a chromophore with maximum absorbance at 

560 nm [36]. The enzyme activity was expressed as units per minute 
per mg of protein. 

Cardiac catalase activity 

Cardiac catalase activity will be measured by the method of Aebi 

[37]. A 5% tissue homogenate was prepared with 0.1M phosphate 
buffer (pH 7.4) with 1% triton X-100. The catalase activity was 
measured by calculating the rate of degradation of H2O2, the 
substrate of the enzyme. The enzyme activity was expressed as 

µmole H2O2 utilized per minute per mg of protein. 

Glutathione Reductase (GR) activity of cardiac tissue 

The 10,000 g supernatant of 5% tissue homogenate was used for 

estimation of GR activity by the method of Carlberg and Mannervik 
[38]. The assay system consisted of phosphate buffer (0.2M, pH 7.0, 
containing 2mM EDTA), 20 mM GSSG, 2 mM NADPH and 
supernatant.  

The enzyme activity was quantitated at 25oC by measuring the 
disappearance of NADPH at 340 nm. The enzyme activity was expressed 
as nmole of NADPH oxidized per minute per mg of protein. 

Tissue protein content 

Protein content was estimated by the method of Lowry et al [39] 
using bovine serum albumin as the standard protein. 

Statistical Analysis 

The values were expressed as mean ± SEM. The data were 

statistically analyzed by one way ANOVA followed by multiple 
comparison T test to determine the significance of differences 
between the two related groups. The p < 0.05 was considered 
statistically significant. 

Histopathological Studies 

Before doing histopathology, the size, shape and weight of hearts 
from each of the groups were noted. Then tissues were preserved in 
4% buffered formal solution for 24 hours. After proper dehydration 
in graded alcohol, clearing, impregnation and embedding, tissue 

sections were prepared by rotary microtome.  

These sections obtained from the respective groups were stained 
using hematoxylin-eosin and examined under high power 
microscope (40x) and photomicrographs were taken. 

 

Table 1: Change in Cholesterol, Triglycerides, HDL, LDL, GPT and GOT in serum of mice due to exposure of arsenic with selenium, vitamin 

E and their combination. 

Groups Cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL   (mg/dl) LDL (mg/dl) GPT (U/dl) GOT (U/dl) 

Control (6) 158.77±5.45 212.62±16.4 71.34±2.27 44.90±7.03 35.60±1.07 26.48±1.56 

As (6) 288.52±9.28 pa*** 399.61±15.30 pa*** 39.25±1.54 pa*** 169.36±7.53 

pa*** 

68.83±2.36  

pa*** 

64.73±2.8   pa*** 

As +Se (6) 203.25±14.16 pa** 

pb*** 
223.67±13.76 pa# 

pb*** 
60.20±1.62 pa** 

pb** 
98.31±13.39 
pa**pb** 

45.45±1.53 pa**pb*** 47.7±1.63  pa**pb** 

As +Vit. E (6) 233.98±5.96 pa** 

pb** 
166.67±10.73 pa* 

pb*** 
56.46±1.84 pa** 

pb** 
144.19±5.76 
pa***pb* 

47±1.08  
pa**pb*** 

44.25±2.79 pa**pb*** 

As +Se +Vit. E 

(6) 

190.80±5.84 pa* 

pb*** 
158.97±22.24 pa* 

pb*** 
71.03±1.97 pa# 

pb*** 
87.98±6.41 
pa**pb*** 

39.08±1.41 pa#pb*** 32.78±1.99 pa#pb*** 

As +Vit. C (6) 177.81±7.11 pa# 

pb*** 
222.2±12.6 pa#pb*** 66.67±2.71 pa# 

pb*** 
66.69±5.84 
pa*pb*** 

39.35±1.93 pa#pb*** 32.23±2.55  pa#pb*** 

Values are Means±S.E.M. pa compared with control group. pb compared with arsenic-treated group. *** indicates p<0.001, ** indicates p<0.01, * 
indicates p<0.05 and # indicates p>0.05. 
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RESULTS  

Table 1 represents that arsenic treatment at the present dose and 
duration caused significant increase in the serum cholesterol and 
triglyceride levels by 81.73% and 87.95%. Selenium and vitamin E 

alone partially counteracted arsenic-induced changes in serum 
cholesterol. The counteraction was 29.5% and 18.9% respectively, 
whereas their combined supplementation restored the elevated 
cholesterol level towards the control by 33.9%.  Vitamin C as a 
positive control antioxidant also showed appreciable counteractive 
effects against arsenic-induced alteration of serum cholesterol. 

Triglyceride level in serum also increased markedly following 
arsenic treatment. Selenium alone almost completely restored the 
triglyceride level in serum, and vitamin E reduced that even below 
the control value. Their combined supplementation did not exhibit 
additional beneficial effect though restored triglyceride level 
appreciably.  

Serum HDL level decreased markedly (44.98%) (p<0.001) after 
arsenic exposure, whereas LDL level increased by four fold 
(p<0.001) in arsenic-treated mice. HDL level was counteracted 
partially by selenium and vitamin E supplementation alone, while 
their combination exhibited better effect to counteract HDL level 
almost completely to the respective control value. Selenium 
supplementation individually counteracted LDL level in serum in a 

better efficacy than vitamin E. Synergistic beneficial effect of 

selenium and vitamin E was found in restoration of serum LDL level. 
The restoration was found to be 48%. Vitamin C also restored both 
the parameters significantly. 

At the present schedule of treatment arsenic significantly increase 

the serum GPT and GOT activities (table 1). GOT and GPT activities 
increased by 48.28% (p<0.001), and 144.45% (p<0.001) 
respectively following arsenic treatment. Combined 
supplementation of selenium and vitamin E exhibited better 
response than their individual effects in restoration of those 
transaminase enzyme activities. 

Table 2 represents that arsenic treatment at the present dose and 
duration caused a remarkable decrease in cardiac GSH content and 
an increase in NO generation in cardiac tissue. The decrease was 
found to be 69.01% (p<0.001) in case of GSH and the increase was 
105.17% (p<0.001) in case of NO production. Supplementation of 
vitamin E alone restored depleted GSH content near to the normal, 

whereas selenium restored the depleted GSH completely. 
Counteractive effect of vitamin E against depleted GSH content was 
enhanced by selenium. Similarly combined supplementation of 
vitamin E and selenium exhibited additive beneficial effects against 
arsenic-induced NO generation. Vitamin C, a well-known 
antioxidant, has been included in the current study as a positive 
control, which also protected cardiac tissues from arsenic-induced 

perturbation of GSH content and NO generation. 

 

Table 2: Changes in GSH, NO content, LPO level, protein carbonyl content, NADPH Oxidase activity and .OH radical in cardiac tissue due to 

exposure of arsenic with selenium, vitamin E and their combination. 

Groups GSH (µmol/mg 

protein) 

NO  

(µM/mg protin ) 

LPO (nmol/mg 

protein) 

PCC (nmol/mg 

prtein) 

NADPH(O) activity 

(nM/mg protein) 

.OH radical 

(nM/mg tissue) 

Control (6) 29.11±1.71 
 

1.16±0.04 
 

1.85±0.07 
 

9.80±0.42 
 

630.68±47.19 4.45±0.28 

As (6) 12.12±0.74 

pa*** 

2.38±0.05 

pa*** 

7.39±0.16 

pa*** 

20.72±0.32 

pa*** 

1897.62±113.74 

pa*** 

13.08±0.47 

pa*** 

As +Se (6) 24.83±0.57 
pa* pb*** 

1.61±0.04 
pa*** pb*** 

4.94±0.14  
pa*** pb*** 

15.50±0.24 
pa***pb*** 

734.84±108.95 
pa# pb*** 

5.56±0.34 
pa# pb*** 

As +Vit. E (6) 34.96±1.12 
pa** pb*** 

1.74±0.03 
pa*** pb*** 

2.57±0.16 
pa** pb** 

12.86±0.28 
pa**   pb*** 

780.18±65.58 
pa# pb*** 

6.55±0.30 
pa* pb*** 

As +Se +Vit. E 

(6) 

35.22±0.96 

pa** pb*** 

1.42±0.02 

pa** pb*** 

1.78±0.09 

pa# pb*** 

10.73±0.31 

pa# pb*** 

610.90±47.45 

pa# pb*** 

4.46±0.41 

pa# pb*** 
As +Vit. C (6) 29.92±0.91 

pa# pb*** 
1.61±0.03 
pa*** pb*** 

1.94±0.11 
pa# pb*** 

11.17±0.63 
pa* pb*** 

687.28±28.09 
pa# pb*** 

4.60±0.27 
pa# pb*** 

Values are Means±S.E.M. pa compared with control group. pb compared with arsenic-treated group. *** indicates p<0.001, ** indicates p<0.01, * 
indicates p<0.05 and # indicates p>0.05. 
 

The LPO level (table 2) was increased in cardiac tissue significantly 

(pa <0.001) after arsenic exposure. Vitamin E showed better 
protective effect in restoration of LPO level than selenium. The 
restoration was found to be 33.15% (pa<0.001) and 65.22% 
(pa<0.01) in selenium and vitamin E supplemented groups 
respectively.  

Conjoint administration of selenium and vitamin E exhibited 75.91% 
restoration (pa>0.05) of cardiac LPO level, which indicated additive 
beneficial effects of selenium and vitamin E in scavenging harmful 
lipid peroxides. Vitamin C also showed appreciable effect in 

restoration of cardiac LPO level. 

Arsenic treatment significantly increased protein carbonyl content 
in cardiac tissue (p <0.001) (Table 2). Selenium, vitamin E and their 
combination counteracted the changes in protein carbonyl content 
by 25.19% (pa<0.001), 37.92% (pa<0.01) and 48.22% (pa>0.05) 

respectively. This observation further indicates better protective 
effect of combined supplementation of selenium and vitamin E 
against arsenic-induced cardiotoxicity. Vitamin C restores the 
protein carbonyl content significantly (pb <0.001) by 46.09% than 
the control group. 

The NADPH oxidase enzyme activity in cardiac tissue increased 
significantly (p<0.001) due to arsenic toxicity. Conjoint 
administration of vitamin E and selenium restored the enzyme 
activity in a better efficacy than their individual supplementation.  

The ̇OH radical generation in cardiac tissue was increased significantly 

(pa<0.001) by 193.93% due to arsenic intoxication (Table 2). 
Supplementation of selenium eliminated OH radical much better than 
vitamin E, whereas their combined supplementation restored the free 

OH radical generation similar to that of control value. 

Table 3 represents that both the catalase and SOD activities were 
significantly decreased following arsenic treatment. The decrease 
was found to be 65.77% (p<0.001) and 42.61% (p<0.001), 

respectively, whereas the activity of xanthine oxidase (XO) increased 
significantly by 42.04% (pa <0.001) in arsenic-treated mice.  

The results further reveal that selenium or vitamin E partially 
counteracted arsenic-induced alteration of catalase and XO 
activities, whereas their conjoint administration shows 

synergistic beneficial effects against those altered parameters. 
The glutathione reductase (GR), glutathione S-transferase (GST) 
and glutathione peroxidase (GPX) enzyme activities are shown in 
table 3. 

All of the enzyme activities in cardiac tissue of arsenic intoxicated 
mice were significantly decreased (pa<0.001) by 61.12%, 51.83% 
and 67.95, respectively. Treatment with selenium, vitamin E alone 
counteracted partially the altered enzyme activities, whereas their 
combined supplementation exhibited appreciable beneficial effects 
to restore the suppressed activities of those enzymes to their 
respective control values. 
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Table 3: Effects of selenium and vitamin E on arsenic-induced alteration of CAT, SOD, GR, GST, GPX and XO activities in cardiac tissue. 

Groups CAT 

(µmol/min/mg 

protein) 

SOD 

(U/min/mg 

protein) 

GR 

(nmol/min/mg 

protein) 

GST 

(nmol/min/mg 

protein) 

 GPX 

(nmol/min/mg 

protein) 

XO (µmol/min/mg 

protein) 

Control 

(6) 

51.65±1.73 117.76±1.17 94.46±1.95 2.74±0.18 183.65±4.86 0.540±0.02 

As (6) 17.68±0.40 
pa*** 

67.58±0.52 
pa*** 

36.73±1.78 
pa*** 

1.32±0.10 
pa*** 

58.86±1.16 
pa*** 

0.767±0.03 
pa*** 

As +Se (6) 32.11±0.51 
pa*** pb*** 

90.64±1.34 
pa*** pb*** 

66.35±1.86 
pa*** pb*** 

2.27±0.10 
pa# pb*** 

123.49±3.09 
pa**pb*** 

0.346±0.01 
pa** pb*** 

As +Vit. E 

(6) 

33.81±0.52 
pa*** pb*** 

96.79±0.83 
pa*** pb*** 

79.08±1.24 
pa** pb*** 

2.13±0.20 
pa* pb*** 

138.24±3.89 
pa*pb*** 

0.380±0.04 
pa** pb*** 

As +Se 

+Vit. E (6) 

43.62±0.81 
pa** pb*** 

102.16±0.64 
pa** pb*** 

88.88±1.19 
pa*pb*** 

2.45±0.10 
pa# pb*** 

194.92±4.97 
pa#pb*** 

0.360±0.01 
pa** pb*** 

As +Vit. C 

(6) 

44.37±1.36 
pa* pb*** 

98.27±0.68 
pa*** pb*** 

82.49±1.56 
pa** pb*** 

2.45±0.13 
pa# pb*** 

173.79±3.76 
pa#pb*** 

0.330±0.01 
pa** pb*** 

Values are Means±S.E.M. pa compared with control group. pb compared with arsenic-treated group. *** indicates p<0.001, ** indicates p<0.01, * 

indicates p<0.05 and # indicates p>0.05. 

 

 

Fig. 5: Effects of selenium, vitamin-E and their combination on histological changes in mice hearts by hematoxylin and eosin staining (x40) 

 

A significant increase (91.9%, pa<0.001) in serum γ–
glutamyltranspeptidase (γ-GT) activity occurred in arsenic 
intoxicated mice (fig. 1). Conjoint administration of selenium and 

vitamin E appreciably restored the elevated γ-GT activity to its 
respective control value. 

The serum CK activity increased significantly (pa<0.001) by 71.82% 
in arsenic treated mice (Figure 2). Combined supplementation of 
selenium and vitamin E showed 99.9% (pb<0.001) counteractive 

response against arsenic-induced altered CK activity. Their 
synergistic effect was better than their individual one. 

Lactate dehydrogenase (LDH) activity (Fig. 3) increased significantly 

by in arsenic treated mice. Selenium alone restored the elevated 
LDH activity by 48.9%, whereas vitamin E counteracted it by 40%. 
Combined supplementation of selenium and vitamin E counteracted 
the LDH activity by 60.6%, which further indicates additive 
beneficial effects of selenium and vitamin E against arsenic toxicity. 
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Fig. 1: Effects of co-administration of selenium and vitamin E in 

restoration of serum γ-glutamyl transpeptidase activity in 

arsenic-exposed animals 
 

Values are Means±S.E.M., pa compared with control group., pb 
compared with arsenic-treated group. ,*** indicates p<0.001, ** 
indicates p<0.01, * indicates p<0.05 and # indicates p>0.05. 

 

 

 

Fig. 2: Effects of co-administration of selenium and vitamin E in 

restoration of serum creatinine kinase activity in arsenic-

exposed animals 

Values are Means±S.E.M. pa compared with control group. pb 
compared with arsenic-treated group.*** indicates p<0.001, ** 
indicates p<0.01, * indicates p<0.05 and # indicates p>0.05. 

 

Uric acid level in serum was elevated significantly by 30.02% 
(p<0.001) in arsenic-treated group of animals (Fig. 4). Selenium, 

vitamin E and their combined exposure prevented arsenic-induced 
alteration of serum uric acid level. The restoration was found to be 
23.61%, 35.97% and 23.6%, respectively. Here combined 
administration shows almost similar counteractive effect as 
selenium. 

Figure 5 illustrates the histopathological changes in cardiac tissue of 
experimental animals. In normal tissue of heart the nuclei are long 
cylindrical in shape and are well organised. Arsenic treatment caused 
severe disorganization of normal cardiac tissue architecture and also 
transformed the nuclei into globular shape as compared to control. 

 

Fig. 3: Effects of co-administration of selenium and vitamin E in 

restoration of serum LDH activity in arsenic-exposed animals 
 

Values are Means±S.E.M. pa compared with control group. pb 
compared with arsenic-treated group. *** indicates p<0.001, ** 

indicates p<0.01, * indicates p<0.05 and # indicates p>0.05. 

 

 

Fig. 4: Effects of co-administration of selenium and vitamin E in 

restoration of serum uric acid content in arsenic-exposed 

animals 

Values are Means±S.E.M. pa compared with control group. pb 
compared with arsenic-treated group. *** indicates p<0.001, ** 
indicates p<0.01, * indicates p<0.05 and # indicates p>0.05. 

Supplementation with selenium and vitamin E or their combination 
appreciably restored all the changes of cardiac tissue similar to that 
of control mice. 

DISCUSSION 

Synergistic beneficial effects of selenium and vitamin E against 
arsenic-induced oxidative insult in cardiac tissue and altered lipid 
profile were evaluated. Arsenic caused significant elevation of lipid 
markers of cardiac damage indicated by increased level of 
cholesterol, triglyceride and LDL, whereas decreased the HDL level 
in serum. Restoration of lipid parameters near to normal by vitamin 

E and selenium indicated that these micronutrients may have 
suppressing effects on cholesterol biosynthesis and also may 
increase the uptake of LDL from blood by liver. Abnormal lipid 
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metabolism may be associated with cardiovascular diseases [40]. 
Arsenic causes overt endothelial cell injury, cell proliferation and 
changes in monolayer binding of labeled low-density lipoprotein 
and permeability of albumin [41]. Epidemiologic evidences showed 

incidence of cardiovascular diseases, stroke and peripheral arterial 
disease in arsenic exposed areas of Taiwan [42].  

Elevation of CK, LDH and transaminase enzyme activities in arsenic 
exposed mice is clear indication of cardiac muscle damage. These 
enzymes are leak out to blood during low oxygen or glucose supply 
to myocardium causing myocardial infarction [43]. The oxidation of 

hypoxanthine/xanthine to uric acid is catalyzed by XO which is 
associated with the generation of superoxide radical (O2

.-) [44]. Uric 
acid is associated with risk of cardiovascular mortality [45]. 
Selenium in combination of vitamin E ameliorated arsenic-induced 
altered enzyme profile and reversed their levels almost near to their 
normal range. Oxidative stress plays major role in cardio-toxicity by 

generation of lipid peroxidation, protein carbonylation and altered 
antioxidant enzyme activities. Myocardial tissues are susceptible to 
free radical damage due to suppressed activities of antioxidant 
enzymes like SOD, catalase and GPx in the heart [43, 46]. 
Overproduction of superoxide anions may be the causative factor of 
arsenic-induced inhibited SOD and catalase activities [47, 48]. 
Decreased content of GSH might be a causative factor for decreased 

activities of GST and GPx which utilize GSH to remove free radicals 
from myocardium [49]. Decrease in GSH content may be due to 
suppressed activity of GR. Ddecreased GSH content in myocardial 
tissue due to arsenic indicates GSH-linked oxidative damages [50]. 
Total thiol in cardiac tissue was significantly decreased, whereas the 
protein carbonyl content increased due to arsenic toxicity. Increase 

in γ-GT enzyme activity in arsenic-treated mice indicates GSH 
catabolism and plasma membrane damage. Treatment with 

selenium and vitamin E prevented arsenic-induced reduction in 
antioxidant power and protect the cell from oxidative insult. 

NADPH oxidase plays a central role in generation of cardiovascular 
disorder by ROS [51]. Increased NADPH in arsenic-treated animals 

may lead to atherosclerosis in conjugation with increased 
cholesterol to form foam cells. Additionally,   arsenic intoxicated 
cells enhance NO level and subject to toxicity by generating reactive 
nitrogen species [10]. These changes were inhibited significantly by 
the concomitant administration of selenium and vitamin E. 

The histopathological study shows abnormal ultra structural 
changes in arsenic-intoxicated cardiac tissue. A marked 
disorganization of normal radiating pattern of myocardial cells 
associated with changes in shape of nuclei was found. Combined 
supplementation of selenium and vitamin E maintain the normal 
ultra structure of the heart. 

In previous studies it was also established that arsenic causes 
oxidative stress which leads to myocardial damage [49, 52]. Both 
the selenium and vitamin E showed protective effects on 
oxidative damage of erythrocytes [53], reproductive toxicity [54] 

and antioxidant defense in streptozotocin-induced diabetic rats 
[55]. 

CONCLUSION 

It is thus concluded that arsenic causes myocardial damage by 
changing lipid profiles, generating ROS and lowering antioxidant 
enzymes. Combination therapy of vitamin E with selenium is found 

to be more effective in restoration of arsenic-induced changes of the 
above studied parameters as well as ultra-structural organization of 
the cardiac tissue. 
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