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ABSTRACT 
Abstract: HCC is the 6th most common cancer in the world. The main risk factors associated with HCC are 
hepatitis B (HBV) and hepatitis C viral infections and other factors that play a role in HCC development, include 
aflatoxin B1 (AFB1) cigarette smoking, and chronic inflammation. The aim of this study is to investigate lipid 
peroxidation and some antioxidant enzyme activities in patients with primary and metastatic liver cancer. For 
this purpose, 25 primary and metastatic liver cancer patients and 15 healthy controls were included in the study. 
In blood samples taken from the patient and control groups, the main product of lipid peroxidation MDA and 
SOD, GSH, GPx activity levels were examined. In result of study serum MDA level is higher and erythrocyte 
SOD, GSH, and GPx activities were found to be significantly lower in the patient group compared with the 
control group (p < 0.05). As a result, liver cancer is associated with oxidative stress and antioxidant system 
weakens, which is an important indicator of oxidative stress, lipid peroxidation levels increased and promotes the 
tissue damage. 
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1. Introduction 
HCC is the sixth most common cancer in the world. 
Comprising 9.2% of all cancer-related deaths, it is also 
the third amongst cancers with high mortality rates [1]. It 
is known that 630,000 new HCC incidents occur around 
the world every year [2]. The most significant risk factor 
in the formation of liver cancer is liver cirrhosis. Liver 
cirrhosis is responsible for 90% of liver cancer cases. 
Aside from these, chronic viral hepatic infections (HBC 
and HCV), alcohol-cigarette consumption, aflatoxin B1, 
p53 gene mutations, chronic inflammation, genetic dis-
eases, such as alpha-l-antitripcine deficiency, hemoch-
romatosis and diabetes can be cited as significant risk 
factors [3-5]. 

Reactive oxygen species (ROS) are superoxide radi-

cals (O2
−), hydrogen peroxide (H2O2), hydroxyl radicals 

(OH-) and singlet oxygen which occur in small amounts  
during normal oxygen metabolism. Reactive oxygen spe-
cies can initiate free radical chain reactions where vari-
ous free radicals form [6]. Activation of macrophage and 
neutrophils and the electron transport chain due to ultra-
violet rays, metal catalysed reactions, atmospheric pollu-
tion and inflammation are the factors that cause ROS 
production [7]. Increase in oxygen molecules that can 
happen at certain levels is deactivated by the natural an-
tioxidant molecules which are always present in certain 
amounts in the body. This allows the oxidant levels and 
the deactivation power of antioxidants in an organism to 
remain in balance [6]. The delicate balance between free 
radicals and antioxidant defense system shifting in favor 
of pro-oxidant and oxidants, leads to the development of 
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oxidative stress [8,9]. It has been proposed that oxidative 
stress plays an important role in the progress and devel-
opment of various cancer types, including liver cancer 
[10]. 

Toxic and reactive aldehyde metabolites, such as 
MDA, which are the end product of lipid peroxidation, 
form as a result of the interaction between ROS and po-
lyunsaturated fatty acids. MDA may interact with func-
tional groups of various cellular components and pro-
mote tumor formation [11]. It is known that lipid peroxi-
dation plays an important role in many diseases, particu-
larly aging, coronary heart diseases and cancer [12]. 
Some studies report an increase of lipid peroxidation in 
tumors. Lipid hydrogen peroxides can directly break the 
DNA chain and lipid peroxyl and alkoxide radicals can 
cause oxidation in DNA [13]. 

Free oxygen radicals are primarily removed by various 
enzymatic antioxidants, such as superoxide dismutase 
(SOD EC 1.15.1.1), glutathione peroxidase (GPX EC 
1.11.1.9), catalase (CAT EC 1.11.1.6) and by various 
non-enzymatic antioxidants, such as glutathione (GSH), 
a-tocopherol and vitamin C [14]. Superoxide dismutase 
(SOD) is an important element that protects cells from 
free oxygen radical toxicity. SOD catalyses the dismuta-
tion of superoxide radicals into hydrogen peroxide and 
molecular oxygen [15]. Glutathione peroxidase (GPx) is 
the enzyme responsible for reducing hydroperoxides. 
This is a cytosolic enzyme of tetrameric structure that 
contains four selenium atoms [16]. GPx that uses gluta-
thione as a substrate, plays an important role in defense 
against free oxygen radicals, peroxides and carcinogens. 
[17,18]. Glutathione is a tripeptide consisting of glutamic 
acid, cysteine and glycine and has a high level of intra-
cellular concentration. Glutathione, a significant reduc-
tion agent and antioxidant, sustains the oxido-reduction 
balance of cells and protects them from the negative ef-
fects of endogenous and exogenous source oxidants 
[19,20]. Glutathione and relevant enzymes in cells act to 
deactivate endogenous and exogenous toxic components, 
free radicals, and reactive oxygen species, such as pe-
roxides that cause damage to the liver and other tissues 
[21]. A reduction in antioxidants can disrupt the balance 
between pro and antioxidants and cause cellular damage 
and resulting malign transformation. Moreover, an oxid-
ative environment with excessive ROS production can 
affect critical cellular structures, including chromosomes 
that regulate gene expression [22]. 

While studies have been made on many cancer types 
involving lipid peroxidation and antioxidant enzyme le-
vels in blood and tissues samples, studies on blood sam-
ples for liver cancer are limited. This study has been 
conducted to determine serum lipid peroxidation and 
some antioxidant enzymes activity in primary and me-
tastatic liver cancer patients and their relation to liver 
cancer. 

2. Materials and Methods 
Twenty-five liver cancer patients and 15 healthy indi-
viduals were included in this study. The blood samples 
used in the study were obtained from patients diagnosed 
with liver cancer as a result of radiological and histopa-
thological evaluation on referral to the YuzuncuYıl Uni-
versity Faculty of Medicine Education, Research and 
Application Hospital Oncology Clinic and healthy indi-
viduals. Cancer patients and control group similar in 
terms of age and gender. The cancer patient group was 
aged between 50 and 75 (mean age 62), consisting of 7 
female and 18 male patients. The healthy individuals 
comprising the control group consisted of six female and 
nine male patients while the age range was determined as 
40 and 65 (mean age 52). Upon examination of the his-
topathological types of cancer cases, 4 patients were de-
termined to have primary liver cancer and 21 metastatic 
(stomach, colon, small intestine) liver cancer. While 
cancer patients had no regular consumption of alcohol or 
medicine, 28% of patients were regular smokers. In turn, 
15% of the control group individuals were regular smo- 
kers. Cancer cases were newly diagnosed patients whom 
weren't to receive chemotherapy and radiotherapy. The 
consent of the Van Bolge Training and Research Hospit-
al Local Ethics Committee was obtained before collect-
ing the blood samples for this study. 

Biochemical analysis was performed by the Biochemi-
stry Laboratory of the Chemistry Department, Faculty of 
Science, Yuzuncu Yil University. The venous blood 
samples of patient and control group were obtained from 
the antecubital fossa vein in accordance with the guide-
lines mentioned in the Declaration of Helsinki. Fasting 
blood samples were obtained from all subjects and col-
lected into tubes with anticoagulant. Serum was sepa-
rated by centrifugation (serum was obtained by centrifu-
gation at 2500 rpm for 15 minutes) and the samples were 
processed immediately. The serum samples were placed 
in deionized polyethylene tubes and kept at −80˚C in a 
deep-freeze (without thawing) until the day of study. The 
serum MDA levels were determined as oxidative stress 
markers. Activities of superoxide dismutase (SOD), glu-
tathione peroxidase (GPX) and glutathione (GSH) in 
erythrocytes were also measured as markers of the anti-
oxidant system. Red blood cells, separated from serum, 
were washed three times with cold physiological saline 
and with demineralized water prior to analysis of he-
moglobin and enzyme activities. 

MDA was estimated by measuring TBARS (thiobar-
bituric acid-reactive substances) in serum samples ac-
cording to a modified method of [23]. Briefly, 0.2 ml of 
serum was added to the reaction mixture containing 1 ml 
of 1% ortho-phosphoric acid, 0.25 ml alkaline solution of 
thiobarbituric acid-TBA (final volume 2.0 ml) followed 
by 45 min heating at 95˚C. The results were expressed as 
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nmol MDA per milliliter of plasma. 
SOD was measured spectrophotometrically according 

to the GSH-400 and SOD-525 methods and assay condi-
tions developed by Bioxytech S.A. Company (Cedex, 
France). SOD activivity was measured with Randox 
Ransod enzyme kit with autoanalyzer at 505 nm and 
37˚C. It was determined in red blood cell. 0.1 ml of 
blood was hemolyzed by 0.9 ml of ice cold water (0˚C - 
4˚C). The hemoglobin was removed by adding 0.25 ml of 
chloroform and 0.5 ml of ethanol followed by vigorous 
mixing and then mixture was centrifuged at 18,000 for 
60 min. The rate of inhibition of the superoxide reaction 
by SOD was calculated according to the definition of 
McCord and Fridovich (1969) [24]. 

GPX enzyme activity was measured with commercial 
kits in a DU-640 spectrophotometer (Beckman Instru-
ments, California, USA). GPx activities were spectro-
photometrically assayed in erythrocytes GPX [25]. GPX 
activity was measured in erythrocyte by using a Hitachi 
902 Autoanalyzer (Hitachi, Brisbane, CA) with Randox’s 
reagent (San Diego, CA). Results were indicated per mil-
liliter of whole blood. When the oxide glutathion is re-
duced, NADPH is oxidized and it is turned into NADP. 
This change was observed at 340 nm wave and activation 
of GPx was measured. The intra-assay and inter assay 
CV for GPx were 5.2% and 7.2%, respectively. Units of 
GPx activity were calculated following NADPH oxida-
tion at 340 nm using cumene hydroperoxide as the sub-
strate. 

The GSH level was measured spectrophotometrically 
at 412 nm by a glutathione disulfide reductase recycling 
method at room temperature. Reference rate was estab-
lished using a freshly prepared GSH standard (30 mmol) 
[26]. 

3. Statistical Analysis 
Statistical evaluation was performed using the SPSS® 
statistical software package (SPSS for Windows version 
13.0, SPSS Inc., Chicago, Illinois, USA). Data obtained 
from the study groups were compared use the Student-t 
test. The results were expressed as mean ± standard dev-
iation and p < 0.05 value was considered statistically 
significant. 

4. Results 
The defining characteristics of individuals participating 
in our study have been provided in Table 1. Individuals 
in the patient and control groups were selected from 
amongst persons of similar age and gender. As a result of 
radiological and histopathological evaluations, 4 of the 
patient group individuals were found to have primary 
cancer while 21 had metastatic liver cancer. While smok- 
ing in the patient group was an average of 26%, this  

Table 1. Defining characteristics of individuals participat-
ing in the study. 

 Patient Group  
(n = 25) 

Control Group 
(n = 15) 

Age range (years) 50 - 75 40 - 65 
Female 7 6 
Male 18 9 

Primary liver cancer 4 - 
Metastatic liver cancer 21 - 

Smoking use %26 %15 
Alcohol use none none 

 
rate was around 15% for the control group. Neither group 
had alcohol consumption. 

Table 2 lists the biochemical parameters of patient and 
control groups. As can be seen in Table 2, SOD, GSH 
and GPx values of the primary and metastatic liver can-
cer patient group were found to be significantly lower (p 
< 0.05) when compared to the control group. Despite this, 
the MDA value in the patient group was found to be sig-
nificantly higher (p < 0.05) when compared to the control 
group. 

5. Discussion 
The pathophysiology of cancer has not yet been fully 
clarified up to date; but strong evidence exists showing 
the important role of free radicals in this complex process. 
Free radicals are high energy, unstable components in-
cluding electrons without one or more pairs in their ex-
ternal atomic orbitals. This unpaired electron provides 
free radicals with great reactivity and causes them to 
damage many biological materials, such as protein, lipids, 
DNA and nucleotide coenzymes. As a result, many dis-
eases, such as aging, cardiovascular diseases, various 
cancer types, cataract and degenerative neurological dis-
eases are thought to be caused by free radical damage 
[27]. 

Toxic and reactive aldehyde metabolites, such as 
MDA, which are the end product of lipid peroxidation, 
form as a result of the interaction between ROS and po-
lyunsaturated fatty acids [11]. MDA is an important in-
dicator of oxidative stress. It has been suggested that free 
oxygen radical-mediated lipid peroxidation is related to 
malign transformation, promotes the tumor due to high 
toxic effect and acts as a co-carcinogenic agent [28,29]. 
Our study has determined that serum MDA levels of 
primary and metastatic liver cancer patients are signifi-
cantly higher than the control group. A study performed 
on HCC patients has also found significantly higher se-
rum MDA levels than the control group [30]. Studies 
performed in various cancer types have shown varying 
results. Serum MDA levels were found to be lower in 
colorectal carcinoma patients [31], higher in lung cancer    
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Table 2. Biochemical results of patient and control groups. 

 SOD (EU/mL) GSH (mmol/g Hb) GPx (EU/mL) MDA (nmol/ml) 
Patient Group (n = 25) 24.3820 ± 10.0242* 42.2540 ± 1.9148* 40.2016 ± 0.6703* 41.5408 ± 2.1120* 
Control Group (n = 15) 42.4293 ± 3.2770 86.7033 ± 2.3795 77.7687 ± 2.2842 20.3847 ± 0.7595 

Values were shown as mean and (±) standard deviation. *Shows the statistical significance between the patient group and control group (p ˂ 0.05). 
 
patients [32] and lower in breast cancer patients [33]. 
The high lipid peroxidation in liver cancer may be due to 
excessive ROS production. MDA may react with the 
amino acid residue of proteins, resulting in their oxida-
tive modification and causing protein breakdown in the 
process. Moreover, it may encourage cellular use of glu-
tathione and increase oxidative stress by deactivating 
selenium dependent glutathione peroxidases [34,35]. 
These enzymes by inhibiting MDA in liver cancer may 
lead oxidative stress and therefore increase cellular da- 
mage. 

Antioxidants play a preventive role against cancer by 
directly removing free radicals or inhibiting processes 
that cause free radical production [36,37]. Superoxide 
dismutase, Glutathione peroxidase and Catalase are the 
primary intracellular significant enzymes that have the 
ability to eliminate free radicals. These enzymes gener-
ally prevent free radicals from damaging cellular com-
ponents, such as DNA, proteins and lipids [27]. SOD 
catalyses the dismutation of superoxide anions into hy-
drogen peroxide and comprises the first enzymatic de-
fense line against free oxygen radicals [38]. Glutathio-
neisa reducing agentcommonly found incells. It is also a 
metabolic regulator and is considered to be an important 
indicator of health. It is believed that blood glutathione 
levels are determinant in morbidity and mortality [39]. 
Glutathione peroxidase also catalyses the reduction of 
hydrogen peroxide and organic hydroperoxides simulta-
neously with the oxidation of GSH [22]. Glutathione and 
GPx protect cells from damage by reducing the negative 
effects of lipid peroxidation on the membrane [40]. It has 
been suggested that low levels of main antioxidants in 
the circulating may lead increase the risk of cancer [41]. 

In our study we found that the erythrocyte SOD, GSH 
and GPx activity of primary and metastatic liver cancer 
patients to be lower in comparison to the control group. 
Similarly with our study, another study was found that 
the antioxidant levels plasma SOD, GSH and GPx levels 
were lower than the control group in patients with HCC 
[30]. Mean while Lee et al. (2007) found that glutathione 
levels in blood and cancer tissue samples of HCC pa-
tients were significantly lower [42]. It has been suggested 
that low levels of glutathione can be related to the dys-
function of the damaged liver and ultimately with a de-
crease tripeptide synthesis [43]. Moreover, information 
exists in various studies that alcohol use causes liver 
damage and thus decreases GSH levels. [44]. However, 
none of the individuals participating in our study were 

alcohol consumers. Abel et al. (2009) found low GSH 
levels and higher SOD and GPx activity in the cancer 
tissue of HCC patients [45]. Scibior et al. (2008) found 
higher serum GPx activity in HCC patients when com-
pared to the control group in the pre and post-surgery 
periods and argued that this is an adaptive response to 
oxidative stress. The same study also found no difference 
between patient and control groups in terms of GSH ac-
tivity [46]. Upon reviewing the results of these studies, it 
is observed that antioxidant activities in blood and tissue 
samples of liver cancer cases vary.  

Studies on various cancer types have also obtained 
varying results. While Chang et al. (2008) found low 
serum SOD and GPx levels in colorectal carcinoma pa-
tients, they determined that GSH levels do not vary be-
tween patient and control groups [31]. A study on lung 
cancer patients found higher SOD levels in the patient 
group while a variation in GPx activity was not detected 
[32]. Another study on the antioxidant levels of gastroin-
testinal cancer patients (stomach, liver, colon etc.) show- 
ed high GSH and low SOD levels in the patient group, 
meanwhile GPx levels were found to be unvarying be-
tween the patient and control group [47]. 

In conclusion, antioxidant enzyme activities and lipid 
peroxidation levels vary in different cancer types. The 
reduction of antioxidant activity in liver cancer may en-
courage lipid peroxidation due to excessive ROS produc-
tion and cause to increase oxidative damage severity. The 
increased use of antioxidants for the removal of lipid 
peroxides and sequestration of antioxidants from the 
blood stream by tumor cells may cause a reduction of 
antioxidants [17]. However, further research is needed to 
clarify the question whether decreased of antioxidants is 
the result or the cause of the cancer process and to better 
understand lipid peroxidation in this complex process.  
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