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ARTICLE INFO ABSTRACT 

Keywords 

 
  

The purpose of the present study to evaluate the antioxidant and nephroprotective effects of N-
acetylcysteine (NAC) and/or Vitamin E (Vit E) against renal damage induced by acrylamide 

(ACR) in rats. The antioxidant and nephroprotective efficacy of NAC and Vit E against ACR-

induced nephrotoxicity in rats was investigated in this work. The rats were assigned to equal 
seven groups (n=7): control vehicle group (saline only), NAC group (150 mg/kg, orally), Vit 

E group (100 mg/kg, orally), ACR group (20 mg/kg, orally), NAC+ACR group, Vit E+ACR 

group, and NAC+Vit E+ACR group and all treatments were given for 30 days. Creatinine, 
urea, and glucose concentrations in the blood were increased as a result of ACR administration. 

Furthermore, ACR reduced protein and albumin levels. Malondialdehyde levels in kidney 

tissues were increased dramatically and reduced glutathione, superoxide dismutase, and 
catalase levels were decreased. ACR also caused certain degenerative lesions in the kidney 

tissues and elevated caspase-3 expression. On conclusion: administration of NAC and Vit E 

alone or in combinations ameliorated the renal toxicity and apoptosis induced by ACR. 
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1. INTRODUCTION 

 
The kidney is a soft organ that is responsible for the removal 

of potentially hazardous materials from the body as well as 

the formation of urine (Elsayed et al., 2014; Abugomaa and 

Elkomy et al., 2019; Elbadawy, 2020; Soliman et al., 2022 

a,b). The liquid electrolyte balance in the body is also 

regulated by the kidneys (Erdemli et al., 2017). 

Acrylamide (ACR) is a crystalline monomer that is odorless 

and colorless and has a high chemical reactivity (Acaroz et 

al., 2018). It's a water-soluble molecule used in a variety of 

applications, including soil coagulation, color synthesis, 

paper packing, laboratory reasons, and wastewater treatment 

(Elblehi et al., 2020). As a result of the excessive generation 

of reactive oxygen species (ROS), ACR exposure induces an 

imbalance in oxidant and antioxidant levels, which plays a 

critical role in ACR-induced toxicity (Abdel-Daim et al., 

2015; Song et al., 2013). In previous studies, ACR was 

associated with nephrotoxicity (Ghorbel et al., 2017; 

Elhelaly et al., 2019). 

N-acetylcysteine (NAC) is an amino acid that contains 

sulphur with an effective antioxidant. It's a more stable form 

of the amino acid L-cysteine, which is a source of cysteine 

required for the production of glutathione, a major 

nonenzymatic intracellular antioxidant (Tenório et al., 

2021). Vitamin E (Vit E) is a lipid-soluble substance 

essential to the cell's defensive system. Because of its 

antioxidant properties, it has a strong preventive effect 

against the consequences of many diseases (Böhm 2018). 

Vitamin E can be found in a variety of foods, including 

seeds, vegetable oils, and nuts. Vitamin E provides a long 

list of health benefits against heart disease, cancer, and 

musculoskeletal ailments (Chin and Ima-Nirwana, 2019). It 

can be used to considerably reduce the kidney damage 

caused by oxidative stress and the formation of ROS. 

Several animal studies have shown that vitamin E has 

nephroprotective effects against toxic substances including 

colistin (Ghlissi et al., 2018) and aflatoxin (Abdel-Hamid 

and Firgany 2015). 

The antioxidant and nephroprotective efficacy of NAC and 

Vit E against ACR-induced nephrotoxicity in rats was 

investigated in this work. 

 

2. MATERIAL AND METHODS 
2.1. Chemicals: 

ACR is a white powder (Sigma-Aldrich, USA). NAC was 

obtained from SEDICO (6 October City, Egypt). Pharco 

Pharmaceuticals Industries (Alexandria, Egypt) provided 

vitamin E. The analytical kits were provided by Bio-

diagnostics Company (Giza, Egypt). 

2.2. Experimental design: 

Forty-nine Wister Albino male rats with a weight of 185±20 

g was obtained from The Egyptian Organization for 

Biological Products and Vaccines. All animals were 
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acclimatized for 7 days at a temperature of 25±2°C, with a 

12:12 h light/dark cycle and free access to water and 

commercial pellets. Rats were randomly assigned to seven 

groups: control group (saline, once daily, PO); NAC group 

(150 mg/kg NAC, once daily, PO (Elsayed et al., 2021); Vit 

E group (100 mg/kg Vit E once daily, PO (Aboubakr et al., 

2020); ACR toxic control group administered 20 mg/kg 

ACR orally once daily (Elkomy et al., 2018; Aboubakr et al., 

2019); the NAC+ACR, Vit E+ACR, and NAC+Vit E+ACR 

groups received NAC, Vit E, and/or ACR as described 

above. All treatments were administered for 30 days. 

Institutional Animal Care and Use Committee, Faculty of 

Veterinary Medicine, Benha University approved the 

experimental protocol (BUFVTM, 10-03-22). 

2.3. Sampling and processing: 

One day following the last treatment, Isoflurane was used to 

anaesthetize rats. The serum was separated using blood 

samples taken from the retro-orbital plexus (centrifugation 

at 1200 g for 15 min). For subsequent biochemical 

examination, the separated sera were kept at -20°C. 

Creatinine, urea, glucose, total protein, and albumin levels 

were estimated. 

The kidneys were rapidly removed, cleaned in saline, and 

perfused with ice-cold sodium phosphate-buffered saline 

(100 mmol/L Na2HPO4/NaH2PO4, pH 7.4) containing 0.1 

mmol/L EDTA (Abdel-Daim et al., 2020). The tissue 

samples were kept at -80°C. The tissue samples were 

homogenised on ice in an electrical homogenizer with 5 ml 

phosphate buffer pH 7.4 and 1g tissue. To avoid GSH 

oxidation, N-ethylmaleimide was introduced immediately 

after homogenization. The homogenates were centrifuged at 

1200 x g for 20 minutes at 4oC to separate the supernatants 

after homogenization. The indicators of oxidative stress 

were detected using these supernatants. Malondialdehyde 

(MDA), catalase (CAT), superoxide dismutase (SOD), and 

reduced glutathione (GSH) were the oxidative stress 

indicators that were assessed. 

2.4. Histopathology:  

The kidneys of control and experimental rats were carefully 

removed, fixed in 10% neutral buffered formalin. Then 

dehydrate in ascending strength of ethyl alcohol, cleaned in 

xylene, and then embedded in paraffin wax. 5 m paraffin 

slices were cut and stained with hematoxylin and eosin 

(H&E) staining according to Bancroft and Gamble (2008).  

2.5. Caspase-3 immunohistochemistry localization: 

Kidney sections at 5 μm from each rat were deparaffinized, 

rehydrated, and incubated in 3% H2O2 for 10 minutes. The 

sections were then treated at room temperature for 1 hour 

with rabbit monoclonal antibody anti-caspase-3 (Santa Cruz 

Biotechnology Inc., Dallas, TX, USA, 1:100 dilutions). For 

30 minutes, the sections were incubated with goat anti-rabbit 

IgG. For 10 minutes, diaminobenzidine (DAB) was used to 

visualize the immunoreaction (Aboubakr et al., 2021).  

2.6. Statistical analysis: 

The recorded data were expressed as mean + standard error. 

Data were analyzed using one-way ANOVA followed by 

Duncan's post hoc test for multiple group comparisons using 

the statistical software package SPSS for Windows (Version 

21.0; SPSS Inc., Chicago, IL, USA). At P≤ 0.05, differences 

were judged statistically significant. 

 

3. RESULTS 
ACR induced nephrotoxicity evidenced by higher serum 

levels of renal biomarkers (Table 1). When compared to 

control rats, the concentrations of creatinine, urea, and 

glucose were significantly higher after ACR intoxication. 

ACR also lowered total protein and albumin concentrations 

in the blood. On the other hand, when compared to the ACR 

group, these parameters were dramatically decreased in the 

ACR-intoxicated rats given NAC, Vit E, or a combination 

(NAC and Vit E). When ACR-intoxicated rats were treated 

with both NAC and Vit E, these parameters were shifted 

towards control levels compared to treatment with either 

NAC or Vit E alone.  

Table 2 shows the effects of ACR intoxication and treatment 

with NAC, Vit E, or a combination on MDA, reduced 

glutathione, and antioxidant enzymes in kidney tissues. In 

ACR-intoxicated rats, MDA levels increased considerably, 

while CAT, SOD, and GSH levels were declined 

dramatically. The effects of ACR on MDA in kidney tissues, 

SOD, CAT, and GSH were reduced by NAC and Vit E, but 

these values have remained significantly different from 

control values. When compared to NAC or Vit E therapies 

alone, combined NAC and Vit E treatment dramatically 

reduced oxidative damage produced by ACR in renal tissues.  

The microscopic examination of the kidneys in rats from the 

control, NAC, and Vit E groups; revealed normal renal 

histoarchitecture (Figs 1A-C). Atrophy of the glomeruli with 

widened Bowman's space (Figs 1D,E), severe congestion 

and dilatation of interstitial blood vessels (Figs 3D-F), 

vacuolated renal tubular epithelium (Fig 1E), and cellular 

debris (Fig 1F) in the lumen of renal tubules were the main 

the histopathological lesions seen in the ACR-treated group 

Although kidney sections from ACR+NAC, ACR+Vit E, 

and ACR+NAC+Vit E treated rats showed fewer apparent 

histological abnormalities than ACR-exposed rats, the 

ACR+NAC+Vit E group demonstrated the best protection, 

with normal glomeruli, renal tubules, and interstitial blood 

vessels (Figs 2A-C). 

The immunohistochemistry expression of caspase3 in the 

cytoplasm of renal tissue cells was much stronger in the 

ACR group (Fig.3D), compared to significantly weak 

caspase3 immunoreactivity in renal sections from the 

control, NAC, and Vit E groups (Figs.3A-C). When 

compared to the ACR group, the ACR+NAC, ACR+Vit E 

and ACR+NAC+Vit E groups showed mild immunoreaction 

(Figs. 3E, F, G). 
 

Table 1 Effects of NAC, Vit E and/or ACR on serum creatinine, urea, glucose, 

totl protein and albumin in control and treated groups (n=7).    

ACR+N

AC 

+ Vit E 

ACR

+ 

Vit E 

ACR

+ 

NAC 

ACR Vit 

E 

NA

C 

Cont

rol 

Parameters 

0.91± 

0.02c 

1.09± 

0.04b 

1.05± 

0.03b 

1.83± 

0.02a 

0.79

± 

0.01d 

0.78

± 

0.02d 

0.80

± 

0.01d 

Creatinine 

(mg/dl) 

40.40

± 

1.25d 

63.27

± 

1.06c 

72.91

± 

1.15b 

95.50

± 

1.26a 

29.9

2± 

1.04e 

31.1

0± 

1.20e 

30.6

1± 

1.06e 

Urea 

(mg/dl) 

149.6

2± 

2.54d 

198.7

9± 

4.46c 

228.4

8± 

4.73b 

278.0

5± 

6.05a 

124.

38± 

1.95e 

126.

28± 

3.09e 

122.

32± 

1.46e 

Glucose 

(mg/dl) 

7.49± 

0.13b 

7.16± 

0.04c 

6.78± 

0.17d 

6.01± 

0.04e 

8.11

± 

0.04a 

8.07

± 

0.05a 

8.15

± 

0.05a 

T. Protein 

(g/dl) 

4.08± 

0.06a 

3.59± 

0.13b 

3.46± 

0.07b 

2.99± 

0.05c 

4.12

± 

0.01a 

4.18

± 

0.02a 

4.15

± 

0.03a 

Albumin 

(g/dl) 

 

Data are expressed as the mean ± SE. Different superscript letters in the same 

row indicate statistical significance at P ≤ 0.05. 

Acrylamide (ACR); N-acetylcysteine (NAC); Vitamin E (Vit E). 
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Table 2 Effects of NAC, Vit E and/or ACR on antioxidant parameters in renal 

tissues (n=7).     

ACR+NAC 

+ Vit E 

ACR+ 

Vit E 

ACR+ 

NAC 

ACR Vit E NAC Control 
Parameters 

106.82±    

2.24c 

135.81

± 4.90b 

130.17± 

2.53b 

163.07± 

4.36a 

86.99± 

1.42d 

89.33±  

2.68d 

86.35±   

2.55d 

 

MDA 

(nmol/) 

2.36±       

0.07 b 

1.97± 

0.03c 

1.95±  

0.02c 

1.22± 

0.03d 

2.81± 

0.04a 

2.84±  

0.02a 

2.78±     

0.05a 

 

CAT 

(U/g) 

8.78±      

0.33b 

7.98± 

0.43bc 

7.17±  

0.19c 

5.93± 

0.32d 

17.88± 

0.45a 

18.65± 

0.33a 

18.24±   

0.29a 

 

SOD 

(U/g) 

 

81.36±    

4.11b 

72.72± 

2.48c 

65.05± 

2.13d 

57.01± 

0.94e 

89.69± 

1.09a 

91.78± 

2.75a 

92.39±   

2.04a 

 

GSH 

(mg/g) 

 

Data are expressed as the mean ± SE. Different superscript letters in the same 

row indicate statistical significance at P ≤ 0.05. 

Acrylamide (ACR); N-acetylcysteine (NAC); Vitamin E (Vit E); 

Malondialdehyde (MDA); catalase (CAT); superoxide dismutase (SOD); 

reduced glutathione (GSH). 

 

 
Figure 1 Histological sections of kidneys from Control, NAC, Vit E and ACR groups. A, 

B and C; Control, NAC and Vit E groups showed normal renal histo-architecture; renal 

corpuscle (RC), proximal (PCT) and distal tubules (DCT). D-F; ACR intoxicated rats 

showed shrinkage of the glomeruli with widened Bowman’s space (black arrows), severe 

congestion and dilatation of interstitial blood vessels (hollow arrows), vacuolated renal 

tubular epithelium (VD), and cellular debris (thin arrows) in the lumen of renal tubules. 

H&E stain, scale bars=50µm. 

 

 
Figure 2 Histological sections of kidneys from NAC+ACR, Vit E+ACR and NAC+Vit 

E+ACR groups. A-B; renal sections from ACR+NAC and ACR+Vit E treated groups 

showed less prominent histopathological alterations compared to ACR-exposed rats.  C; 

ACR+NAC+Vit E groups exhibited the best protection that was noted in the form of 

normal glomeruli, renal tubules and interstitial blood vessels. H&E stain, scale bars=50µm. 

 

 
Figure 3 Immunohistochemical staining of caspase3 in renal sections from all examined 

groups. A, B and C; Control, NAC and Vit E groups showed weak renal caspase3 

immunoreaction. D; ACR treated group revealed strong expression of caspase3 in renal 

tissues. E-F; NAC+ACR and Vit E+ACR treated rats showed moderate expression of 

caspase3 compared with CP group. G; NAC+Vit E+ACR group showed weak caspase3 

immunoreaction. Scale bars = 50µm. 

4. DISCUSSION 

 
Acrylamide is a major public health issue in the 

environment. ACR was studied as a possible kidney toxin 

(Rajeh and Al-Dhaheri, 2017). Creatinine and BUN are 

nitrogenous nonprotein components that result from protein 

and nucleic acid degradation. In ACR-induced oxidative 

kidney injury, with high creatinine and BUN levels (Ghorbel 

et al., 2016). ACR intoxication may have harmed the brush 

border epithelial cells, rendering them impervious to urea 

and creatinine, resulting in their high blood levels (Uthra et 

al., 2017). ACR increased creatinine and urea levels, which 

is consistent with other previous studies (Abdel-Daim et al., 

2015; Sengul et al., 2021). ACR treatment resulted in 

considerable reductions in protein and albumin levels 

(Rivadeneyra-Domnguez et al., 2018). ACR intoxication 

lowers protein synthesis and changes the functional integrity 

of the kidney after hepato-renal injury, resulting in 

proteinuria and, eventually, lower circulating protein levels. 

ACR also raised blood glucose levels (Yue et al., 2020). 

MDA is one of the end products of lipid peroxidation (LPO), 

which is linked to ROS, and it was shown to be considerably 

higher in the renal tissues of rats given ACR. It was 

postulated that oxidative stress might increase if the 

equilibrium between ROS generation and antioxidant 

capacity shifts in favor of the oxidants (Abdel-Daim et al., 

2015). In the present study, renal MDA levels were elevated 

in ACR-treated rats, while GSH, SOD, and CAT activities 

were dramatically reduced. It has previously been shown 

that ACR detoxification conjugates with GSH, resulting in 

GSH depletion in the cells and an overabundance of free 

radicals and superoxide in the cells (Bin-Jumah et al., 2021). 

Multiple pathological diseases that were caused by oxidative 

stress, disrupt cellular function. These results are in 

agreement with Abdel-Daim et al., (2015); Ghorbel et al., 

(2017); Elhelaly et al., (2019); Bin-Jumah et al., (2021).  

Scavenging free radicals, regulating immunity, 

antiapoptosis, and antioxidation are all roles of N-

acetylcysteine, which is a precursor of intracellular 

glutathione (Elsayed et al., 2022a; Elsayed et al., 2022b; 

Elsayed et al., 2021). NAC may protect the kidneys from 

toxins by maintaining cell membrane integrity and enzyme 

activity (Yalçn and Gürel, 2021). NAC was found to reduce 

cisplatin-induced nephrotoxicity and restore normal kidney 

function in a previous investigation (Elsayed et al., 2021). 

This was demonstrated by the return of serum creatinine, 

urea, glucose, and protein levels to levels close to the control 

value. Furthermore, in renal tissue, the activity of the key 

enzymatic antioxidants was significantly increased (Abdel-

Wahab et al., 2017). 

The present study showed that pretreatment with NAC 

lowered MAD levels while increasing antioxidant enzymes 

SOD, GSH, and catalase levels. Previous studies mentined 

that the normal structure of interstitial tissue in the cortex, 

renal tubules, renal glomeruli, and collecting ducts in the 

medulla was revealed in NAC-treated rats (Abdel-Daim et 

al., 2019; Fan et al., 2020). NAC therapy reversed the 

elevated caspase-3 immunoreactivity, which is consistent 

with previous results of Siddarth et al., (2018). 

Vitamin E is a lipid-soluble antioxidant that protects cell 

membranes and lipoproteins from lipid peroxidation by 

interrupting the lipid radical chain reaction (Böhm 2018). 

Several animal studies have revealed nephroprotective 

effects of vitamin E against toxic drugs such as colistin 

(Ghlissi et al., 2014), aflatoxin (Abdel-Hamid and Firgany, 
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2015), and vancomycin (Elyasi et al., 2013). Because of the 

antioxidant impact, oral treatment of vitamin E in rats 

resulted in considerable reductions in serum creatinine and 

urea levels (Abdel-Daim and Abdeen, 2018). The injection 

of vitamin E resulted in a statistically significant reduction 

in MDA levels (Mansour et al., 2014). Previous research 

concluded that vitamin E prevented the generation of 

reactive oxygen species (ROS), decreased lipid peroxide 

levels, increased glutathione (GSH), and increased 

superoxide dismutase and catalase activity (Abo-Elmaaty et 

al., 2020). 

ACR intoxication was associated with glomeruli shrinkage, 

expanded Bowman's space, renal tubule degeneration, 

congestion of the interstitial blood vessels, and hyaline cast 

within the renal tubules in the kidney. All of these 

characteristics were found in El Fakahany et al. (2021) and 

Sengul et al (2021). The disruption of cell membrane 

integrity and fluidity caused by ACR may be responsible for 

this renal damage (Ghorbel et al., 2017). Vit E and/or NAC 

supplementation improved kidney histopathology findings 

in the current investigation. This could be due to their 

antioxidant qualities, as nitric oxide and glutathione are 

produced, which remove ROS and restore cellular 

equilibrium (Rajeh and Al-Dhaheri, 2017). 

Regarding to ACR exposure, the results of 

immunohistochemical study revealed that marked 

immunoreaction of caspase 3 compared to the control group, 

which was consistent with previous study (El Fakahany et 

al., 2021). These could be due to ACR-induced ROS 

formation, lipid peroxidation, and GSH depletion, which led 

to the oxidative stress hypothesis, a decrease in lysosomal 

membrane localization, and oxidative stress-induced 

damage to mitochondrial and lysosomal membranes, which 

led to caspase-3 activation and cell death (Pedrycz et al., 

2010). On other hand combining NAC and/or Vitamin E 

with ACR reduced caspase3 immunoreactivity. 

 

5. CONCLUSION 
Acrylamide induced considerable renal damage as 

evidenced by changed biochemical markers and histological 

abnormalities, due to oxidative stress and apoptotic 

processes. The combination of NAC and Vitamin E has been 

shown to protect the kidneys from ACR-mediated injury. 

Furthermore, both separately and in combination, NAC and 

Vitamin E offered significant kidney protection against 

ACR-induced oxidative stress and apoptosis. 
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