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ABSTRACT 

Background: purification of drinking and wastewater 
needs acrylamide which is also used in sprays, paper, and pulp 
industry, and soil stabilizers, so it has a significant risk for our health.   
Objective (Aim): studying the possible protective role of N- 
acetyl cysteine against the hepatotoxic effect of acrylamide. 
Material and methods: The study was conducted at the 
Research Institute of Ophthalmology, Giza, and Electron Microscopic 
Unit at the Faculty of Agriculture, Cairo University, in the period 
between August 2018 and September 2018. Randomly divided forty 
male albino rats into four equal groups (10 rats each) were used:  
group I (control group), group II (sham control), group III 
(acrylamide-treated group): receiving 50 mg/kg body weight 
acrylamide by oral gavage daily for 21 successive days. 
Group IV (acrylamide and N-acetyl cysteine treated group) 
was received 50 mg/kg body weight acrylamide and 150 mg/kg body 
weight N-acetyl cysteine both by oral gavage daily for 21 successive 
days Results: Group III showed disrupted hepatic architecture in 
comparison with groups I, II, and marked degenerative changes 
especially at portal triads, as well as in form of dilated sinusoids, 
pyknotic nuclei, and Ito cells. Group IV showed restoration of the 
normal hepatic architecture seen in control groups with an 
improvement of the degenerative changes. 
Conclusions: Antioxidant effect of N-acetyl cysteine reduces 
the oxidative stress of acrylamide and decreasing its hepatotoxic 
effects. 
Keywords: N-acetyl cysteine; Acrylamide; Hepatotoxicity; 
Albino Rats. 

 INTRODUCTION 

Cigarette smoking, eating sugar and potato chips, 
drinking water from flocculent-treated water and 
cosmetics all these are different ways of acrylamide 
exposure.1 
Acrylamide gained scientific interest when the World 

Health Organization reported that foods containing 
proteins and carbohydrates have a high concentration 
of acrylamide that formed during the healing process.  
Acrylamide at high doses produces multi-organ 
failure, especially at the liver cell. It decreases the 
hepatic protein level by leaking out of protein 
reserves from the hepatocytes.2  
Acrylamide produces an oxidative stress-producing 

generation of reactive oxygen species causing 

oxidative damage that reduces the antioxidant 
defense systems.3  

Antioxidants are substances either dietary as honey 
and green tea or others such as selenium, and N-

acetyl cysteine. Whatever their sources all enhance 
antioxidant enzymes thus maintaining the cell 
function.4 
N-acetyl cysteine is an antioxidant and is a precursor 
of glutathione. It can inhibit tumor growth or its 
metastasis and antagonizes oxidative stress that 
produced by acrylamide.5  
Hence, the present study was designed to 

demonstrate the potential ameliorative effect of N-
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acetyl cysteine against the hepatotoxic effect of 
acrylamide. 

MATERIAL AND METHODS 

This study was conducted in the period between 
August 2018 and September 2018, at the Research 
Institute of Ophthalmology, Giza, and Electron 
Microscopic Unit at the Faculty of Agriculture, Cairo 
University.  
Forty adult male albino rats weighing 200-230 
gained from the animal house, Ophthalmology 

Research Institute, Giza, Egypt. The animals were 
kept in isolated cages (10 rats each) at room 
temperature and allowed water and food ad libitum. 
N-acetyl cysteine was purchased from Mena Pharm 
Company as a bottle containing tablets (600mg 
each). It was dissolved in distilled water and was 
given in a dose of 150 mg/kg body.6

Acrylamide was purchased from El Gomhorya 
Company, Egypt as a pure white powder gained in a 
bag weighing 500g. It is a water-soluble vinyl 
monomer. It was dissolved in distilled water and 
given in a dose of 50mg/kg body weight by oral 
gavage.7 
The rats were randomly divided into four equal 

groups (10 rats each) as follows: The first two groups 
(I & II) did not take any drugs otherwise the second 
group received 2 ml of distilled water by oral gavage 
daily for 3 weeks. Group III (acrylamide-treated 
group) received 50 mg/kg body weight acrylamide 
by oral gavage daily for 3 weeks.8 

Group IV (acrylamide and N-acetyl cysteine treated 
group) received 50 mg/kg body weight acrylamide 
and 150 mg/kg body weight N-acetyl cysteine. Both 
drugs are given via oral gavage daily for 3 weeks.9 

24 hours after the last treatment, all rats were 

sacrificed by cervical dislocation under ether 
anesthesia. The rat abdomen was opened by midline 
incision; then the liver was dissected out and washed 
in normal saline then cut into pieces about 3-5 mm3 

for light microscope and 1mm3 for the electron one. 
All experiments were approved by the ethical 
committee of Al Azhar University, Egypt 

Specimens from each liver were fixed in 10% 
formalin and embedded in Paraffin. Sections of 5 µm 
thickness were obtained on slides of glass and stained 
with hematoxylin and eosin, periodic acid Schiff 
(PAS), and Masson's trichrome stains, after that the 

slides were studied by light microscope.10 

For electron microscope: Fixation of the liver 
specimen for 2 hours in 3% glutaraldehyde at room 
temperature done. Then, they fixed for 2 hours in 1 
% osmium tetraoxide at 4°C. Then after washing the 

tissue three times in distilled water, we prepared the 
specimens for dehydration, infiltration, 
ultramicrotomy, and staining.11 

For the histomorphometric study, Leica Qwin 500 
LTD was used for this quantitative study. By using 
its image analyzer program, the pixels were 

converted to actual micrometer units then it 
measured the followings:    

The area percent of collagen tissue fibers in sections 
stained with Masson's trichrome was examined in 
magnification X 100 and measured inside a standard 

measuring frame. In each selected field, fibers of 
collagen within the liver were put inside the standard 
measuring frame, and then it was hidden by a green 
binary color to be measured and expressed as an area 
percent in relation to the area of the standard 
measuring frame.12 

In PAS stained sections, liver cell glycogen 
measurement (optical density) was done as follows: 
before hiding the positive areas by blue binary color, 
using magnification x 400, we turned the image into 
a grey image then we measured the frame to enclose 
the required area.13 

Ten microscopic fields were selected randomly for 
each specimen. The obtained data were expressed as 
mean ± SD and subjected to statistical analysis and 
exemplified in a table. The gained data were 
compared by one-way analysis of difference by using 
SPSS 22 program. 

The significant data between diverse groups were 
compared. "P" values > 0.05 were considered 
significant and "P" values > 0.001 were of highly 
significance. 

RESULTS 
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Fig.1: Photomicrographs of hematoxylin and eosin-stained sections of the liver of albino rat. CV = central vein, 
black arrows = hepatocytes, yellow arrows = binucleated  hepatocytes, blue arrows = Ito cells, s = sinusoids, PV = 
portal vein, BD = bile duct, HA = hepatic artery and white arrows = inflammatory cellular infiltration (all 
photomicrographs were with magnification X 400). 

 
PAS reactions were strongly positive in groups I & II (Figure 2a) and weak positive in group III (Figure 2b) while 
group IV was moderately positive (Figure 2c).  
Masson's trichrome stained sections showed collagen fibers deposition around the central vein and portal areas 
were minimal in group I & II (Figure 2d) and were increased in group III (Figure  2e) while group IV showed a 
mild increase (Figure 2f). 
 

   

     

Fig. 2: A photomicrograph of a section of a rat liver showing PAS reaction of the cytoplasm of the hepatocytes 
(arrows) (a-c) and collagen fibers deposition in the portal area (arrows): (d-f). (All photomicrographs were with 
magnification X 400). 
 
Electron microscopic specimens of group I & II showed a rounded nucleus with a uniform nuclear envelope and 
peripheral (marginal) chromatin. The cytoplasm appeared granular, filled with numerous mitochondria and rough 
endoplasmic reticulum (Figure 3a). 

Group III showed: a nucleus with an irregular nuclear envelope and a clumped chromatin. The cytoplasm appeared 
rarefied and filled with many rounded vacuoles and the absence of mitochondria (Figures 3b-d). 
Group IV showed: a rounded nucleus with a uniform nuclear envelope and peripheral chromatin. The cytoplasm 
appeared filled with numerous mitochondria and rough endoplasmic reticulum (Figure 3e). 
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Fig. 3: Electron micrograph of the hepatocytes: N = nucleus, yellow arrows = nuclear envelope with its 
chromatin, red arrows = irregular nuclear envelope, V = vacuoles, R = rarefaction of cytoplasm, RER = 

rough endoplasmic reticulum, M = mitochondria. a = (TEM X 6000), b = (TEM X 5000), c = (TEM X 
5000), d = (TEM X 12000), e = (TEM X 10000) and f = (TEM X 3000). 
 
Statistically, the mean area of collagen fibers deposition showed non-significant variations between groups I, II, 
and IV. Meanwhile, group III was highly significant in comparison to the mean ± SD of group I and II (table 1). 

 

 
Groups 

  
Group I 

 

 
Group II 

 
 

 
Group III 

 

 
Group IV 

  
Mean ± SD 

 
1.246 ± 0.12 

 
1.380 ±0.024 

 

 
4.210 ±0.034 

 
1.460 ±0.0124 

 
Group I 

 

 
1.246 ± 0.12 

 

 

NS  
≤ 0.01** 

 

 
NS 

 
Group II 

 
1.380 ±0.024 

 
NS 

 

 

 
≤ 0.01** 

 
NS 

 
Group III 

 
4.210 ±0.034 

 
≤ 0.01** 

 

≤ 0.01**  

 

 
≤ 0.01** 

 
Group IV 

 
1.460 

±0.0124 

 
NS 

 
NS 
 

 

 
≤ 0.01** 

 
≤ 0.01** 

 

 

Table 1: showing mean collagen fibers deposition at different groups. 
P*: Significant (p ≤ 0.05), P**: Highly significant (p ≤ 0.01), NS: non-significant. SD: Standard deviation. 
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The mean optical density of glycogen content in PAS stained liver sections demonstrated that group I and II data 
were statistically highly significant as compared with the same measurement of group III but non-significant as 
compared with measurements in group IV (Table 2).  
 

Group IV Group  III Group II Group I  Groups 

 
0.850 ± 0.026 

 
0.480 ± 0.012 

 
0.860 ± 0.042 

 
0.920 ± 0.046 

 
Mean ± SD 

 

 

 
NS 
 

 
≤ 0.01** 

 
NS 
 

 
…………….. 

 

 
0.920 ± 0.046 

 
 

 
Group I 

 

 
NS 

 
≤ 0.01** 

 

 
………………. 

 
NS 
 

 

 
0.860 ± 0.042 

 
Group II 

 
≤ 0.01** 

 
 

 
…………….. 

 
≤ 0.01** 

 
 

 
≤ 0.01** 

 
0.480 ± 0.012 

 

 
Group  III 

 
………………. 

 

 
≤ 0.01** 

 
 

 
NS 

 

 
NS 

 
0.850 ± 0.026 

 
Group IV 

Table 2:  showing the mean optical density of glycogen at different groups. 
P*: Significant (p ≤ 0.05), P**: Highly significant (p ≤ 0.01), NS: non-significant. SD: Standard deviation. 

 

DISCUSSION 

As acrylamide has various and different types of 
exposure particularly it is involved in food and drink, 
recent studies gave it some interest.1  
Exposure to acrylamide leads to increase reactive 
oxygen species which in turn increases lipid 
peroxidation and markedly increases 
malondialdehyde that was used as an oxidative stress 

marker.8 
In acrylamide treated rats, the antioxidant hepatic 
glutathione enzyme (GSH) was markedly decreased. 
GSH plays a protective role against cell damage and 
keeps the integrity of the cell.8  
N-acetyl cysteine plays a vital role in glutathione 
production that provides a defense mechanism 
against oxidative stress, it also a powerful cleaner of 

free radicals leading to the prevention of cell 
damage.14 
Therefore our study was done to observe its hazards 
on the liver as it the main site of detoxification and 
how the anti-oxidant N-acetyl cysteine antagonized 
these hazards. 
Disruption of the normal histological structure in 
group III was similar to those recorded by 

Rahangadale et al.15 who noticed it in the form of 
condensed and shrinkage of Ito cells. These 
observations were mentioned before by Sahai et al.16 

who added that pyknosis including all liver cells 
including hepatocytes, Ito cells, and phagocytic cells. 
 
Hepatic sinusoids hyperemia and blood vessels 
hemorrhages were mentioned by Roodi et al,17 et al. 
as signs of acrylamide dangerous effects.  

 
The irregularity of the nuclear envelope and 
condensation of its chromatin were confirmed by Liu 
et al.18 who also noted discrete spaces at the 
cytoplasm. These spaces were either the sites of 

active mitochondria or remnants of the rough 
endoplasmic reticulum.  

AL-Mosaibih,19 kept his eyes on necrotic changes 
and reported that; high permeation of inflammatory 
cells especially around the portal triad. This 
permeation is interpreted by active Von Kupfer cells. 
 
The weak positivity of PAS was compatible with the 
findings of Mohamed and Selim,20 who referred 
these findings to the consumption of glycogen 
granules. Kumar et al.21 proved our findings, as he 

found a high deposition of collagen fibers around the 
portal triad that explained this by stellate cell damage 
as it the main source of collagen. 
Concerning group IV findings, they were in harmony 
with Altinoz et al,22 and Cetinkaya et al23.  They 
demonstrated the technique of hepatotoxicity as it is 
induced by free radicals that are prevented by the 
antagonistic action of N-acetyl cysteine. 

Abdo et al.24 reported that the portal triad and 
surroundings collagen fibers appeared nearly normal 
in rats received N-acetyl cysteine, which is 
concordant to our study.  

In group IV, our data was appropriate with those of 
Gordon et al.25 who assured that all cell organelles 
return nearly to normal including the rounded 
nucleus, the cytoplasm was filled with mitochondria 

and rough endoplasmic reticulum. 
PAS reaction was moderate in group IV and that is 
convenient with the findings of Mohamed and 
Selim,20. The mean optical density of the same group 
was statistically not important when compared with 
the first two groups while it was highly important 
when compared with group III.   
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 CONCLUSION 

In conclusion, changes in liver structure produced by 

acrylamide might be antagonized by the N-acetyl 
cysteine antioxidant effect.  
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