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 This study aimed to evaluate malondialdehyde (MDA) expressions using the immunohisto-
chemical method in order to reveal the role of lipid peroxidation in the development and progression 
of hepatocellular carcinoma (HCC) induced by diethylnitrosamine (DEN) in male Wistar albino rats. 
Avidin-biotin-peroxidase method was used for immunohistochemical evaluation. Histopathological 
examinations revealed that DEN caused a mixed pattern (trabecular and acinar formations) of HCC 
in the majority of rats. The MDA positive stainings were significantly increased in rats in the HCC 
group compared to the healthy rats in the control group. In conclusion, this study data contain three 
important findings. The first one is that DEN triggers the formation of reactive oxygen species (ROS), 
excessively produced ROS cause oxidative stress, and as a result, oxidative stress strongly causes 
lipid peroxidation. Secondly, it is clear that there is an important relationship between oxidative 
stress-induced lipid peroxidation and HCC progression. At the same time, MDA is an useful 
biomarker in determining the prognosis of patients with HCC. The third and final finding is that 
intra-peritoneal DEN injection once a week for 20 weeks, but not in combination with other 
promoting chemical agents, appears to be very effective in inducing experimental HCC. 
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Introduction 
 

Hepatocellular carcinoma (HCC) is the most common 
primary cancer of the liver (75.00 to 90.00% of cases). 
The other type of cancer seen after HCC is intra-hepatic 
cholangiocarcinoma (10.00 to 15.00%).1-3 The HCC is the 
fifth most common cancer in the world and accounts for 
approximately 5.00% of malignant tumours in humans.4 
While the incidence of HCC is the highest in Asia, the 
incidence of cancer is reported to be quite low in 
Europe.5 The HCC has a high mortality,6 and is typically a 
result of cirrhosis, leading to cancer-related deaths, 
ranking as the second leading cause of such deaths.7 
Additionally, the incidence of HCC is expected to increase 
in the coming years.8 

Diethylnitrosamine (DEN) is one of the most important 
environmental carcinogens.9 It is frequently found in 
salted fish, meats, alcoholic beverages, cosmetic products, 
pesticides, and cigarette smoke.10,11 The DEN can cause 
cancer in many organs, such as skin, stomach, and lungs,12 
and is mostly used to trigger HCC in experimental 
animals.8 The HCC generated as a result of DEN in animals 
 

 is both histologically and biochemically similar to the HCC 
in humans.13 The DEN not only induces HCC but can also 
promote it.14 It exerts its carcinogenic effect through two 
different mechanisms. The first of these is DNA alkylation, 
causing DNA damage and subsequent cell degeneration.3,5 

The second is the activation of hepatocyte cytochrome 
p450, inducing the reactive oxygen species (ROS) 
formation.15 The DEN causes oxidative stress and cellular 
damage by increasing the formation of free radicals.16 The 
carcinogenic effect of DEN is related to the ROS produced 
at high rates as a result of metabolic biotransformation.17 
The ROS interact with biomolecules, such as DNA, proteins 
and lipids, and cause serious damage to them.1 

Oxidative stress represents the imbalance between 
ROS production and anti-oxidant defence systems.18 
Biomolecules and macromolecules in cells are the main 
targets of oxidative stress, leading to lipid peroxidation by 
membrane disruption, nuclear breakage, chromosomal 
abnormalities, and changes in intra-cellular signalling 
pathways and gene expressions.19,20 These modifications 
in oxidative stress play a critical role in hepatocarcino-
genesis.21 Oxidative stress leads to peroxidation of 
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membrane lipids, and this process produces various lipid 
oxidation products, such as malondialdehyde (MDA), a 
low-molecular-weight aldehyde produced by the attack 
of free radicals on polyunsaturated fatty acids during 
cellular membrane phospholipid degradation.22,23 The 
MDA is a highly potent carcinogen and reacts with DNA 
to produce MDA-DNA adducts, being involved in the 
induction of G→T transversions and A→G transitions.20,24 
The MDA is also an important biomarker widely used to 
determine lipid peroxidation.22 

This study aimed to evaluate MDA expressions using 
the immunohistochemical method in order to reveal the 
role of lipid peroxidation in the development and 
progression of HCC caused by DEN in male Wistar albino 
rats. Literature reviews show that many promoter 
chemical agents are applied synchronously after DEN 
injection in experimental HCC studies. However, the 
current study will reveal the effectiveness of DEN 
injection alone in inducing HCC without the need for 
other promoter chemical agents. In this respect, it is 
thought that the data obtained from this study will 
contribute to the literature, specifically in experimental 
liver cancer model studies. 
 
Materials and Methods 
 

Ethics committee certificate, animals and 
experiment setup. The study was approved by the Local 
Ethics Committee of Animal Experiments of Kafkas 
University, Kars, Türkiye (Approval No. KAU-HADYEK: 
2021-043, Date: 25.03.2021). The study material consisted 
of twenty 2-month-old male Wistar albino rats weighing 
an average of 350 g obtained from the Experimental 
Animal Unit of the Veterinary Control Institute of Erzurum. 
The experimental animals were divided into two different 
groups, with 10 rats in each group. The rats were housed 
in the Laboratory of the Experimental Animal Application 
and Research of Kafkas University under appropriate 
conditions, such as 23.00 ± 2.00 ˚C, 55.00% humidity, and 
a 12-hr day and night cycle. Standard feed and drinking 
water were given to the rats ad libitum during the study. 
The experimental groups in the study were as follows: 
Control group: Rats were given pellet feed and water for 
20 weeks and HCC group: N-nitrosodiethylamine (Sigma 
Aldrich, St. Louis, USA) was administered intraperitoneally 
once a week for 20 weeks at a dose of 50.00 mg kg-1. At the 
end of the study, the experimental animals were 
euthanized under general anesthesia using 80.00 mg kg-1 

pentobarbital (Bioveta, Ankara, Türkiye) intraperitoneally 
by cervical dislocation. Then, systematic necropsy of the 
animals was performed and liver tissues were taken. 

Histopathological examinations. Liver samples 
obtained from the rats were fixed in a 10.00% 
formaldehyde solution. Serial sections with a thickness of 
5.00 µm were taken from the paraffin blocks prepared 
 

 after routine tissue follow-up procedures. The sections 
were stained with Hematoxylin and Eosin to detect 
histopathological changes in the tissues. The prepared 
sections were analyzed in detail under a light 
microscope by at least two different pathologists, and 
photographs of the recorded histopathological changes 
were taken for each case.25 

Immunohistochemical examinations. Serial sections 
with a thickness of 4.00 µm were taken from paraffin 
blocks prepared from liver tissues and stained using 
Avidin-Biotin Peroxidase echnique and MDA commercial 
antibody (pre-treatment: Microvawe oven, Abcam, 
Cambridge, UK, polyclonal, 1/1,500, overnight, and 4.00 
˚C) according to the manufacturer's procedure. Histostain 
IHC Kit (Thermo Fisher Scientific, Waltham, USA) was 
used for all the immunohistochemical stainings. The 3.3-
diaminobenzidine tetrahydrochloride solution (Thermo 
Fisher Scientific) was chosen as a chromogenic substrate, 
and it was dropped onto the sections and incubated for 15 
min. The sections were washed with distilled water for 5 
min, stained with Mayer Hematoxylin, and covered with 
immune mount.26 After the covering process, the 
preparations were evaluated under a light microscope 
(Olympus, Tokyo, Japan), and photographs of the sections 
were taken with the Cell ^P program (version 3.4; 
Olympus, Münster, Germany). The photographs taken 
were analyzed using the ImageJ Software (National 
Institutes of Health, Bethesda, USA). 

Immunohistochemical staining analysis Immune 
positive reactions were analyzed, basically, with a grading 
system created by considering the number of positive cells 
in the foci examined exhibiting the strongest staining 
character. Analysis of the quantification of immune-
positive reactions in liver tissues was started based on 
strongly stained areas. For each experimental animal, 
three different fields were examined under a 50 × lens. 
The number of cells showing positive reactions was 
recorded separately, and the average of these three 
distinct areas was determined as the average positive cell 
number of that experimental animal. Rating was defined as 
(-): No immunoreactivity, (+): Weak, 1.00 - 10.00% 
positivity, (++): Moderate, 11.00 - 59.00% positivity, and 
(+++): Severe, over 60.00% positivity.27  

Statistical analysis. The data obtained were analyzed 
using the SPSS Software(version 20.0; IBM Corp., Armonk, 
USA). After the Shapiro Wilk normality test, differences 
between groups showing non-parametric distribution 
were determined by the Mann-Whitney U test (p < 0.05). 
 
Results 
 

Histopathological findings. The histopathological 
evaluations of rats belonging to the control and HCC 
groups are summarized in Table 1. It was determined that 
the livers of the rats in the control group exhibited a 
 



377 E. Karakurt et al. Veterinary Research Forum. 2025; 16 (7): 375 - 380 

 

normal histological structure, and no notable pathological 
conditions were observed in these animals (Fig. 1A). A 
strong HCC formation was observed in the liver in the 
DEN-applied group. In this group of animals, many cancer 
areas of varying sizes were observed in the liver tissue, 
surrounded by a fibrous capsule, with borders clearly 
separated from the normal tissue. It was observed that 
neoplastic cells spread to different points of these areas 
and formed acinar and trabecular formations. While, in 
some cases, the tumoral areas consisted mostly of acinar 
structures, in other cases it was determined that 
trabecular structures were much more dominant in the 
area. However, when the general picture was observed, it 
was noted that the mixed pattern in which trabecular and 
acinar structures coexist was much more dominant in HCC 
cases. There was a significant pleomorphism in the 
tumoral foci. It was determined that the nucleus/ 
cytoplasm ratio of cancer cells increased in favour of the 
nucleus. However, the nuclei of the neoplastic cells were 
markedly hyperchromatic. It was also observed that the 
nuclei of the tumoral cells were eosinophilic. In some cells, 
the increase in the number of nucleoli was remarkable. 
Moreover, it was noted that mitotic figures increased 
 

 

 dramatically. There were large areas of necrosis and 
bleeding in the middle of the tumoral foci. In addition, bile 
duct proliferation and connective tissue increases were 
other histopathological findings observed (Fig. 1B). 

Immunohistochemical findings. No reaction was 
observed regarding MDA staining in the livers of the rats in 
the control group (Fig. 2A). The MDA-positive staining was 
significantly increased in the rats in the HCC group 
compared to the control group (p < 0.05). The MDA-
positive staining was much stronger in the tumoral areas 
that had reached larger sizes compared to the small 
nodules surrounded by a fibrous capsule. The MDA 
expressions were mostly concentrated at the periphery of 
tumoral foci. However, MDA-positive staining was 
detected in the cytoplasm of cancer cells forming 
trabecular and acinar formations. Granular intra-
cytoplasmic staining was dark brown. The intensity of 
staining was much more dominant in macro-trabeculae 
than micro-trabecular structures. It was noted that the 
number of MDA-positive cells was much higher in the 
mixed pattern in which trabecular and acinar structures 
were present together, compared to the cases exhibiting 
only a trabecular or acinar pattern (Fig. 2B). 
 

Table 1. Histopathological examinations and malondialdehyde immunoreactivities of the cases belonging to the experimental groups. 

Groups Number Pattern Malondialdehyde 

Control 

1 Normal 0 
2 Normal 0 
3 Normal 0 
4 Normal 0 
5 Normal 0 
6 Normal 0 
7 Normal 0 
8 Normal 0 
9 Normal 0 

10 Normal 0 

Hepatocellular carcinoma 

1 Trabecular 2 
2 Acinar 2 
3 Trabecular + Acinar 3 
4 Acinar 2 
5 Trabecular + Acinar 3 
6 Trabecular + Acinar 3 
7 Trabecular + Acinar 3 
8 Trabecular 1 
9 Trabecular + Acinar 3 

10 Trabecular + Acinar 2 

 
 
 
 
 
 
 

 
 

 
Fig. 1. Photomicrographs of liver tissue in experimental groups. A and B) Control group; C and D) Hepatocellular carcinoma group, acinar 
formations (black arrowheads) and trabeculae (blue arrows) can be seen (Hematoxylin and Eosin staining, bars = 100 µm in A and C, 
50.00 µm in B and D). 
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Fig. 2. Immunohistochemical examination of liver tissue in 
experimental groups. A) Control group, negative malon-
dialdehyde (MDA) expression; B) Hepatocellular carcinoma 
group, intra-cytoplasmic MDA positive stainings in acinar 
structures (red arrowhead) and trabeculae (green arrow) are 
evident (bars = 100 µm). 

 
Discussion 
 

Metabolic activation of DEN by cytochrome p450 
enzymes converts it to ethyl-acetoxyethyl-nitrosamine, 
which can be conjugated by phase II enzymes to a non-
toxic compound. Alternatively, it can form ethyldiazonium 
ion, which directly ethylates cellular macromolecules and 
is responsible for their cytotoxic, mutagenic, and 
carcinogenic effects through ROS production.16 The ROS 
formed during the metabolic biotransformation of DEN 
suppress the anti-oxidant defence system and cause 
oxidative stress.20,28 Oxidative stress causes genomic 
damage and genetic imbalance, causing mutations.21 These 
mutations caused by oxidative stress play a role as a 
triggering factor in both the initiation and progression of 
carcinogenesis.19 The DEN-induced HCC model is very 
similar to HCC in humans.6 The liver cancer model created 
as a result of DEN is accepted and widely used 
worldwide.1,28 The hepatotoxic and carcinogenic effects of 
DEN in rats are applied systematically at the weaning 
stage through water drinking, oral gavage, and intra-
peritoneal applications.12 Although it is recommended to 
be administered together with promoter agents, such as 
carbon tetrachloride, this study revealed that intra-
peritoneal DEN administration alone for 20 weeks 
successfully and effectively caused HCC in all 10 rats.3,17 
Hussein et al.8 have observed that moderately 
differentiated HCC accompanied by thick trabecular 
structures forms in the liver as a result of 14 weeks of 
intra-peritoneal DEN injection. In another study, Vanli et 
al.29 have found that both trabecular and pseudoglandular 
structures are present together in cancer foci in an 
experimental HCC model study in which DEN and other 
chemicals were applied together. Similar to this research, 
it was determined by histopathological evaluations that a 
mixed pattern of HCC was mostly formed in rats, mostly 
with micro- and macro-trabeculae and acinar structures.  

It is known that high ROS production causes DNA 
damage, mutations in tumour suppressor genes, gene 
disorders, and damage to the fatty acid side chains of lipids 
located in cell membranes.18 Lipid peroxidation is a 
 

 process initiated by the free radical attack on one or more 
fatty acids, producing a wide range of toxic and reactive 
metabolites, such as MDA and 4-hydroxynonenal.7 These 
metabolites directly attack DNA and cause mutation and 
carcinogenicity.14 Lipid peroxidation, one of the most 
important cellular consequences caused by uncontrolled 
ROS increase, can be detected mostly through MDA levels. 
The MDA, which has highly mutagenic and carcinogenic 
effects, reacts directly with DNA to form oxidative DNA 
adducts, thus causing DNA damage and affecting the DNA 
repair mechanisms.2,10,16 There are several studies 
investigating lipid peroxidation using various methods in 
DEN-induced liver cancer in rats. Ramakrishnan et al.24 
have demonstrated by immunohistochemical methods 
that in the rat model of DEN-induced hepatocarcino-
genesis, MDA expressions increase significantly compared 
to the control group. Singh et al.20 have noted that hepatic 
lipid peroxidation values in the liver of rats in the DEN-
induced cancer group are statistically higher than those of 
the control group. In a similar study, Jayakumar et al.28 
have reported that lipid peroxide levels increase 
dramatically in rats with DEN-induced HCC. In another 
study, Fahim et al.13 have observed that DEN application 
increases MDA levels compared to the healthy control 
group. Similarly, Hussein et al.8 have pointed out the 
significant increase in MDA levels in rats with HCC, 
confirming the current study data. In the current study, 
similar to the reports of other researchers,8,13,20,24,27 it was 
revealed through MDA expression that DEN 
administration led to a significant increase in lipid 
peroxidation compared to the control group. It is clear that 
such an increase in MDA levels is linked to the high levels 
of ROS that occur during DEN metabolism. In human 
medicine, there are many studies reporting MDA levels in 
patients with HCC.23 Lorente et al.22 have reported that 
MDA levels indicate poor prognosis for HCC patients. Elbaz 
et al.23 have also reported that serum MDA levels increase 
in HCC patients compared to the cirrhotic patients, and 
they have also noted that there is a positive correlation 
between tumour size and MDA levels. It has been reported 
that blood MDA levels of patients with primary and 
metastatic liver cancers are higher than those in healthy 
control group.7 In this study, MDA expression was 
particularly concentrated in much larger tumoral foci 
where pleomorphism predominated rather than in small 
tumoral foci. In parallel with these results, MDA 
expressions were more severe in neoplastic cells with 
hyperchromatic nuclei, increased number of nucleoli, and 
differentiated nucleus-to-cytoplasm ratios. In addition to 
these cells, the MDA staining index was much higher in 
tumoral cells with giant nuclei and necrotic foci. The MDA-
positive staining was much more evident in macro- and 
micro-trabeculae and acinar formations. In addition to all 
these, MDA expression was stronger in macro-trabecular 
structures compared to the micro-trabecular structures. 
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When all these immunohistochemical findings are 
evaluated together, it is shown that oxidative stress and 
lipid peroxidation play an active role in the progression of 
HCC. Mizukami et al.30 evaluated MDA expressions in the 
early stages of tumour promotion of DEN-induced liver 
cancer in rats using immunohistochemical methods and 
detected positive staining in the nuclei of hepatocytes. 
Contrary to this study, in the current investigation, MDA 
expressions were mostly granular and found in the 
cytoplasm of neoplastic liver cells. The difference between 
the staining patterns in these two studies is thought to be 
related to the lipid peroxidation causing nuclear damage. 
In the current study, only DEN was used for cancer 
modeling. In the other studies, other chemicals, such as 
phenobarbital, were used after DEN application. 
Depending on the severity of oxidative liver damage, 
staining may not have been limited to the cytoplasm but 
may have also been observed in the nucleus. 

In conclusion, this study data contain three important 
findings. The first one is that DEN application triggers the 
ROS formation, excessively produced ROS cause oxidative 
stress, and as a result, oxidative stress strongly causes lipid 
peroxidation. Secondly, it is clear that there is an 
important relationship between oxidative stress-induced 
lipid peroxidation and HCC progression. At the same time, 
MDA is an useful biomarker in determining the prognosis 
of patients with HCC. The third and final finding is that 
intra-peritoneal DEN injection once a week for 20 weeks, 
but not in combination with other promoting chemical 
agents, appears to be very effective in inducing 
experimental HCC. 
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