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Present study was designed to evaluate and investigate the cadiotoxicity induced through 

oral feeding of acrylamide (ACR) and its amelioration strategies using different 

antioxidants in Wistar rat model. A total number of 32 adult male Wistar rats were divided 

into eight groups (G1-G8) G1, (Basal Diet only), G2 (α-tocopherol+basal diet), G3 (GSH), 

G4 (Corn oil), G5 (ACR),G6 (ACR+ α-tocopherol G7 (ACR + GSH) and G8 (ACR + α-

tocopherol+ GSH). ACR, α-tocopherol and GSH were orally administered to rats @ 30 

mg/KgBW, 5 IU/ KgBW and 2mg/ KgBW, respectively for 45 days. The study revealed 

significant reduction in body and heart weights in ACR fed rats (G5) compared to control 

rats (G1-G4) whereas, the weight were significantly restored in (G6-8). Heart tissues were 

collected after 45
th

 day for the assessment of morphological, biochemical, 

histopathological and oxidative stress parameters. ACR intoxication resulted in oxidative 

stress as evident from higher levels of MDA and lower activities of antioxidative enzymes 

SOD, GSH, GST and CAT in rats (G5) compared to (G1-4). These parameters showed 

significant (P<0.05) restoration in (G6). Serum biochemical parameters were restored in 

G6 and G7 compared to G5.Histopathologically, the heart tissues revealed severe 

degeneration, necrosis and separation of cardiac muscle fibers with extravassation of 

RBCs in (G5) while it was restored and marked improvement was visible in ameliorating 

groups (G6-G8) in comparison to (G5). With the end of the study in conclusion it was 

evident that α-tocopherol and GSH played substantial role in maintaining the balance 

between oxidant and antioxidant mechanisms and in specific, α-tocopherol conferred 

better protection from ACR induced cardiotoxicity. 
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Introduction 
 

Acrylamide or 2-propenamide is a chemical 

compound, with chemical formula CH2=CH–

CO–NH2, is a colorless, non-volatile 

crystalline solid, soluble in water and has a 

molecular weight of 71.08kDa that can be 

produced at high levels in high-carbohydrate 

heat treated foods (Ashoor et al., 1984; 

Eriksoon 2005). The risks of ACR to health 

and its toxic properties (neurotoxicity, 

genotoxicity, carcinogenicity and reproductive 

toxicity) were demonstrated by the Scientific 

Committee on Toxicity, Ecotoxicity and the 

Environment in 2001 (Keramat et al., 2011; 

Carere, 2006). Potato and bakery products 

account for around 50% and 20% of human 

exposure to ACR, respectively (Becalski et 

al., 2003; De Meulenaer et al., 2008). Factors 

affecting ACR formation and degradation in 

foods are ACR precursors such as free amino 

acids (mainly asparagine), reducing sugars and 

processing conditions (i.e. baking time and 

temperature, moisture content and matrix of 

product) (Zhang et al., 2005). Very few 

studies have been conducted on short term 

toxicity, cardiotoxicity in animal models and 

apparently no study in human as well as in 

large animals. Along with this, amelioration of 

ACR toxicity has been studied in murine 

models with very low or non recovery from 

the patho-physiological alterations. After 

getting insights into the mode and mechanism 

of actions of ACR, the present was designed 

to evaluate the probable cardiotoxicity of ACR 

in Wistar rats and its amelioration using 

antioxidants like α-tocopherol and reduced 

Glutathione (GSH). 

 

Materials and Methods 

 

Experimental Animals 

 

Present study was designed to investigate the 

cardiotoxicity of acrylamide (ACR) and its 

amelioration using different antioxidants in 

Wistar rats. The research work was conducted 

in Department of Veterinary microbiology and 

immunology, College of Veterinary Science 

and A.H., DUVASU, Mathura. Animals were 

maintained in standard cage system feeding 

having free access to pellet feed (Ashirwad 

Industries, Chandigarh) and clean, deionised 

drinking water was provided ad lib to the 

animals during the entire study period. Daily 

light and dark cycle of 12h was ensured so as 

to provide proper adaptation of biological 

clock to the experimental animals. Before start 

of the experiment, an acclimatization period of 

15 days was allowed. All the experimental 

animals were kept under constant observation 

before and during the entire period of study to 

observe any morphological or physiological 

alterations. All experimental procedures were 

in accordance with the ethical principles in 

animal research and undertaken after approval 

of the institutional animal ethics committee 

(approval no. 119/IAEC/18 dated 23-02-

2018). 

 

Experimental Design 

 

Thirty two adult male Wistar rats weighing 

between 130-150g were divided into eight 

groups (G1-G8) during the study. The 

experimental groups were G1 (negative 

control, basal diet+ water), G2 (basal diet + α-

tocopherol in corn oil), G3 (basal diet+ GSH 

in water), G4 (basal diet+ corn oil), G5 (basal 

diet +ACR), G6 (basal diet +ACR +α-

tocopherol), G7 (basal diet +ACR + GSH), 

and G8 (basal diet +ACR+ GSH + α-

tocopherol). 

 

Experimental Protocol 

 

Experimental animals were given uniform 

basal diet and adlib water. The acrylamide 

(Sigma, St Louis, USA) was dissolved in 

distilled water, and was given 30mg/KgBW in 

groups G5-G8(15)before the basal diet by oral 

gavage using metallic needle (curved ball 
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ended, size PS-16) every day in the morning 

for 45 days. The α-tocopherol (Sigma, St 

Louis, USA) was dissolved in corn oil (vehicle 

for α-tocopherol) and orally fed 100 

mg/KgBW, and reduced Glutathione (GSH, 

Sigma, St Louis, USA) was dissolved in 

deionized water and fed, 2mg/KgBW 

separately in G2 and G3 and in combined with 

ACR in G6-G8 (Sharma et al.,2020) 

 

The dose of ACR was finalized from the 

results of the pilot study (data not shown) and 

the doses reported by other groups of 

researchers (Kahekeshani, 2014; Kumar et al., 

2018, Sharma et al., 2020). The α-tocopherol 

(Mandil et al., 2016, Sharma et al., 2020) and 

dose of GSH was selected from the reported 

literature (Gerard et al., 1992; Tredici et al., 

1994 and Sharma et al., 2020).  

 

General Toxicity 

 

Rats of all the groups were closely observed 

during 45 days of experimental period for any 

apparent signs of toxicity including 

discomfort, gait, loss of hair, diarrhea, dermal 

problems, mortality, circling, non coordinating 

movements, poor reflex action, weight loss 

were observed and evaluated to study the 

toxicity levels. 

 

Organ weight 

 

At the starting and the end of the experiment 

the weight of the heart of individual rats were 

recorded and effect of different agents 

including the ameliorating agents were 

evaluated so as to access the effects of 

acrylamide on body weight. 

 

Oxidative stress biomarkers 

 

Frozen (-20˚c) samples of heart were thawed 

and 200mg of the each sample was taken and 

transferred to the test tube containing 2ml of 

chilled saline and 200mg each was taken in 

2ml of 0.02M EDTA for estimation of reduced 

glutathione (GSH) (Sedlak and Lindsay,1968), 

for lipid peroxidation (LPO) in terms of 

malondialdehyde (MDA) production (Shafiq-

U-Rehman,1984); catalase (Bergmeyer, 1983), 

superoxide dismutase (SOD) (Madesh and 

Balasubramanian, 1998), glutathione 

peroxidase (Paglia and Valantine et al.,1967), 

glutathione-S-transferase (Habig et al., 1974) 

and total protein content of tissue homogenate 

(Lowery et al., 1951).  

 

Histopathological Studies 

 

A small piece of heart of each rat from the 

respective groups (G1-8) collected and stored 

in 10% formal saline during postmortem 

examination were subject to histopathological 

evaluations using H & E stain as per the 

established method (Luna,1968) and examined 

to observe the changes in histoarchitecture of 

heart under 10x, 20x and 40x objective. 

 

Biochemical parameters 

 

Total cholesterol and total globulin in plasma 

samples were estimated by using the 

commercially available kits (Span Diagnostic 

Ltd.) with the help of UV-VIS 

spectrophotometer.  

 

Statistical analysis 

 

Statistical analysis was carried out by using 

the SPSS 16 package (Chicago, USA). Data 

from different experiments are presented as 

Mean  SEM. Means of the observations were 

compared by one way analysis of variance 

(ANOVA) to evaluate the variations and the 

significance was tested at 0.05 for all the 

observations.  

 

To compare all pair-wise differences in mean 

Tukey post hoc test was used and means were 

considered statistically significant when 

(P<0.05). 
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Results and Discussion 

 

Organ weight 

 

Absolute weights of the organ of rats revealed 

significant (P<0.05) reduction in weight ACR 

fed rats (G5) compared to control groups (G1-

4); it is, however, the weights of heart of rats 

were significantly (P<0.05) higher in rats of 

G6 compared to G5 but lower in comparison 

to G7-8 (Table.1). 

 

Oxidative stress markers in Heart 
 

Activities of antioxidative enzymes GSH, 

SOD, GST and CAT significantly (P<0.05) 

lowered in G5 compared to all other groups 

(G1-4) in heart; and, the activities of these 

enzymes were higher in antioxidants co-fed 

with ACR groups (G6-G8) (Table 3). 

Interestingly, concurrent feeding of ACR 

along with α-tocopherol significantly (P<0.05) 

increased the activities of SOD, GST and CAT 

compared to G7and G8 in heart. 
 

Assessment of Lipid peroxidation (in terms 

of MDA) 

 

The MDA levels in the heart were found 

significantly (P<0.05) higher in G5 compared 

to control groups (G1-G4) and other treatment 

groups (G6-G8). Rats of ACR co-fed with α-

tocopherol, GSH and combination of both α-

tocopherol and GSH showed significant (P < 

0.05) reduction in the MDA levels, but not 

higher to the groups without ACR (G1-G4). 

The lowest level of MDA was observed in G6 

while highest was in G5 (Table 3). 

 

Histopathological changes 

 

The histopathological examination of liver in 

G1-G4 groups showed normal distribution of 

cardiac muscle fibres while on examine the 

heart of rats in G5 revealed severe 

degeneration, necrosis and separation of 

cardiac muscle fibers with extravassation of 

RBCs. Interestingly, no improvement were 

observed in any other group of rats except G6. 

Histopathological examination revealed mild 

disruption of cardiac muscle fibers with very 

low extravassation of erythrocytes indicating 

ameliorative potential of α-tocopherol (G6-

G8) (Figure.1). 

 

Assessment of Heart functions 

 

The serum levels of total protein, Globulin and 

cholesterol were significantly (P<0.05) 

increased in G5 compared to G1-G4 (Table 2). 

Rats co-fed with ACR and α-tocopherol; ACR 

and GSH, showed marked (P < 0.05) 

improvement in serum levels of total protein, 

Globulin and cholesterol. Interestingly, from 

the results it was evident that, serum 

cholesterol was affected by acrylamide 

feeding but none of the ameliorating agents 

was able to decrease the total protein in serum 

but concurrent feeding of α-tocopherol with 

ACR (G6) has improved the cholesterol and 

globulin level in heart. 

 

Present study was conducted in male Wistar 

rats for the study of acrylamide cardiotoxicity 

and its amelioration using different 

antioxidants (α-tocopherol and GSH).  

 

The total study period was 45 days and was 

executed in eight experimental groups of rats. 

It is well established and known that ACR 

toxicity is mostly due to its intermediate 

metabolite glycidamide, which acts as a 

potential oxidant and induces oxidative stress 

in different organs. Therefore, the present is a 

attempt to understand the cardiotoxicity 

caused in the rats due to the oral 

administration of ACR and to assess the useful 

and beneficiary effect of concurrent feeding of 

antioxidant on the detrimental effects of ACR 

feeding in rats.  
 

Previously, we reported that both α-tocopherol 

and GSH provide protection from ACR 

induced neurotoxicity (Sharma et al., 2020) 
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and our results suggested the better protection 

of α-tocopherol against the ACR induced 

neurotoxicity in Wistar rats. In continuation of 

this study we now designed to understand the 

detrimental effects ACR feeding on heart 

(cardiotoxicity) and beneficial effect of 

antioxidants against the induced toxicity. We 

endorsed our findings with the assessment of 

histopathological changes, serum enzymes 

levels, anti-oxidative enzyme activities in 

heart and our findings reveals the better 

protection of α-tocopherol and GSH against 

cardiotoxicity of oral administration of ACR 

to Wistar rats. 

 

Table.1 Absolute weights of Heart in different groups of rats in the study (G1: Control; G2: 

Basal diet + α-tocopherol; G3: Basal diet + GSH; G4: Basal diet + corn oil; G5: Basal diet + 

acrylamide; G6: Basal diet + acrylamide + α-tocopherol; G7: Basal diet + acrylamide+ GSH; and 

G8: Basal diet + α-tocopherol + GSH). Data are mean ± Standard error of mean (SEM). 

Different superscripts in columns indicate differences p< 0.05.  

 

 Organ weight 

 

Different Groups of Rats Absolute weight of the Heart  

G1 0.96±
b
0.08 

G2 0.98±
b
 0.06 

G3 0.96±
 b

0.04 

G4 0.92± 
b
0.08 

G5 0.68± 
a
0.02 

G6 0.88 ±
b
0.02 

G7 0.80 ±
b
0.04 

G8 0.76 ±
b
0.04 

 

Table.2 Serum chemistry (Total Cholesterol and Total Globulin) in different groups of rats 

during the study (G1: Control; G2: Basal diet + α-tocopherol; G3: Basal diet + GSH; G4: Basal 

diet + corn oil; G5: Basal diet + acrylamide; G6: Basal diet + acrylamide + α-tocopherol; G7: 

Basal diet + acrylamide+ GSH; and G8: Basal diet + α-tocopherol + GSH). Data are mean ± 

Standard error of mean (SEM). Different superscripts in columns indicate differences p<0.05. 

 

 Biochemical Parameters 

Different Groups of Rats Total Cholesterol (mg/dl) Total Globulin (g/dl) 

G1 40.10 ±
a
2.06 3.10±

c
 0.12 

G2 40.98 ±
a
2.05 3.00 ±

c
0.12 

G3 40.68± 
a
2.06 3.00 ±

c
0.12 

G4 38.60±
a
 2.68 2.98 ±

b
0.18 

G5 46.80± 
c
2.32 2.60 ±

b
0.12 

G6 41.24±
b
 2.12 2.90 ±

b
0.12 

G7 45.12±
c
 2.46 2.60 ±

b
0.14 

G8 45.08± 
c
2.78 2.48 ±

a
0.12 
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Table.3 Oxidative stress markers in heart of different groups of rats fed with acrylamide and 

ameliorating agents. Data are presented as Mean ± SEM. LPO (nM MDA/gm of tissue); SOD 

(U/mg of Protein); GSH (mM GSH/g of Tissue); GST (μM of CDNB-GSH conjugate/min/mg 

protein); CAT (mM H2O2 utilized/min/mg or protein). Different letters above the bar indicates 

significance (p˂ 0.05) among different groups in the columns. (G1: Control; G2: Basal diet + α-

tocopherol; G3: Basal diet + GSH; G4: Basal diet + corn oil; G5: Basal diet + acrylamide; G6: 

Basal diet + acrylamide + α-tocopherol; G7: Basal diet + acrylamide+ GSH; and G8: Basal diet 

+ α-tocopherol + GSH). Data are mean ± Standard error of mean (SEM). Different superscripts 

in columns indicate differences p< 0.05.  

 

 Oxidative stress markers in Heart 

Different Groups of 

Rats 

LPO SOD GSH GST CAT 

G1 260.98±
a
 4.78 4.68±

a 
0.14 0.1 ±

a
0.06 0.03± 

a
0.01 3.90 ±

a
0.16 

G2 165.46± 
b
 4.32 5.98 ±

b
 0.68 0.29 ±

b
0.02 0.03± 

a
0.02 4.64 ±

b
0.22 

G3 210.98 ±
c
 4.78 4.99 ± 

a
0.46 0.19± 

a
0.06 0.04± 

b
0.01 3.75± 

a
0.22 

G4 118.68 ±
a 
3.68 5.98 ± 

b
1.30 0.24±

 b
0.04 0.05 ±

c
0.02 4.10±

 b
0.16 

G5 224.36± 
c 
2.86 4.56 ±

a
0.38 0.23 ±

a
0.04 0.04 ±

b
0.02 3.54 ±

a
0.10 

G6 125.68± 
a
 2.18 6.28± 

b
0.88 0.29 ±

b
0.06 0.06± 

c
0.01 4.38 ±

b
0.14 

G7 116.76 2±
a
2.86 6.01±

b 
0.36 0.28± 

b
0.04 0.05 ±

c
0.02 4.31±

 b
0.24 

G8 118.64 ±
a
 3.10 6.08 ±

b 
0.66 0.26 ±

b
0.02 0.06 ±

c
0.01 4.34 ±

b
0.20 

 

Fig.1 
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Feeding with antioxidants α-tocopherol and 

GSH resulted in significant improvement in 

antioxidative enzymes indicating the potential 

role of these agents in neutralising the effects 

of free radicals produced due to ACR. α-

tocopherol co-fed with ACR resulted in 

highest amelioration as compared to GSH. 

(Zhang, 2005c) There are two possibilities of 

this amelioration, either the antioxidants 

decreased the generation of ACR induced free 

radicals or they minimised the action of these 

free radicals by neutralising their toxic effects. 

Cardiac muscle cells are highly specialized 

cells and are non-regenerable like neurons. 

They are also targeted by free radicals and 

exhibit different degree of damage. ACR 

toxicity resulted in muscle cell degeneration 

indicating the potential role of ACR in 

inducing muscle cell damage through 

oxidative stress. Supplementation of α-

tocopherol resulted in marked improvement of 

muscle cells in heart but findings were not 

significant. It cannot be ruled out that, α-

tocopherol conferred cardiac protection but as 

cardiomyocytes are not regenerable, 

significant amelioration was not observed in 

cardiomyocytes during the study. 

 

No studies are cited in literature regarding the 

protective potential of α-tocopherol and GSH 

in ameliorating the ACR toxicity. However, 

numbers of studies have shown the potential 

roles of antioxidants in reducing the toxic 

effects of ACR in different organs.  

 

The present study demonstrated that 

acrylamide toxicity induces Cardiac 

degeneration and severe toxicity in the heart, 

in supplementation with antioxidants like α-

tocopherol and GSH showed a differential 

level of amelioration in protecting the 

degeneration and tissue damage in heart. Co-

administration of α-tocopherol was found to 

be the very effective in ameliorating the 

acrylamide cardiotoxicity by reducing the 

oxidative damage in terms of decreasing the 

antioxidant mechanism and improving 

antioxidants system in the cells. 
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