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ABSTRACT

Objective: Liver cancer is the leading cause of death due to malignancies all over the world. Free radical-induced oxidative stress extent can be 
provoked by antioxidant mechanisms decreased efficiency. The present study was carried out to investigate the extent of oxidative stress and the 
levels of antioxidants in the circulation of patients with liver cancer.

Methods: Plasma thiobarbituric acid reactive substances (TBARS) and level of some antioxidant enzymes as superoxide dismutase (SOD), catalase 
(CAT), glutathione peroxidase (GSH-Px), and GSH be determined in the circulations of 100 Indian and Hungarian patients with liver cancer and an 
equal number of age-matched normal subjects.

Results: Significantly increased concentrations of TBARS plasma levels and significantly lowered levels of SOD, CAT, GSH, and GSH-Px were observed 
in patients with liver cancer which may have occurred due to increased use to scavenge lipids peroxides as well as their sequestration by tumor cells. 
Increased lipid peroxidation in liver was seen which may be due to excessive oxidative stress. Comparison between Indians and Hungarians subjects 
revealed 200% increased malondialdehyde levels in Hungarian male patients as compared to Indian male patients. SOD was found to decrease in 
Indian subjects whereas CAT (20%) higher, GSH (25–35%) less decrease GSH-Px (5%) more decrease in Hungarians patients compared to Indian 
patients.
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INTRODUCTION

It has been reported that globally in 1975, primary liver cancer was 
ranked seventh in men and by 1990, it reached the fifth ranking with 
a 73% increase in the burden [1]. As per the WHO, more than 622,000 
people across the world died due to this fatal disease. The disease is 
highly related to Hepatitis B and C virus. The primary cause of this 
disease is exposure to these viruses; however, smoking and intake of 
liquor are also among one of the main reasons for liver cancer [2]. The 
position of oxidative damage in carcinogenesis is increasingly being 
valued. Free radicals are species capable of independent existence 
having one or more lone paired electrons in their outer most shell.

Environmental factors are the major cause of tumors which act almost 
always through free radicals. These are involved in both the initiation 
and promotion of multistage carcinogenesis by damaging DNA, 
resulting in mutation proto-oncogene activation and inactivation or 
loss of tumor suppressor gene [3]. Further oxidative stress has major 
role in the pathogenesis of toxic liver diseases and in some kind of 
hepatic alterations [4], an antioxidant is a substance which not only 
delays or prevents oxidation of substrates but also constitutes the 
body’s primary defense against free radicals’ injury. Oxidative stress 
reduction by providing antioxidants was optional as an effective option 
of chemoprevention [3]. Oxidative stress revealed by increased free 
radical generation or by decreased antioxidant level in the target cells 
and tissues plays an important role in carcinogenesis [5-7]. Free radicals’ 
molecules levels are controlled by several cellular defense mechanisms 
comprising of enzymes catalase (CAT), superoxide dismutase (SOD), 
and glutathione (GSH) peroxidase plus GSH components [8]. The 
present study was undertaken to estimate the extent of oxidative stress 
by measuring thiobarbituric acid reactive substances (TBARS) and 
antioxidant parameters in serum and plasma of the patients suffering 
from liver carcinoma.

METHODS

The present research was conduct in Pacific Institute of Medical 
Sciences (PIMS), Umarda, Udaipur and Hospital-2 of Szeged, Hungary. 
Healthy subjects (100 Indian and 100 Hungarians) and 100 liver cancer 
patients from both India and Hungary (outdoor and indoor) were 
chosen for this study. A detailed history and present conditions of the 
selected subjects were recorded on a designed pro forma regarding 
their general information, including age, sex, height, weight, caste, 
religion, nutritional habits, and teaching. The usual subjects were 
healthy medical students, staff members, attendants with patients and 
donors of blood bank of PIMS, Umarda, Udaipur and of Hospital-2 of 
Szeged, Hungary.

Biochemical estimations
Lipid peroxide was determined by the measurement of TBARS in 
plasma by the method of Yagi [9]. The lipid peroxidation was estimated 
spectrophotometrically at 532  nm. SOD was analyzed by the method 
of Kakkar et al. [10]. CAT activity was assayed by the technique of 
Sinha [11]. Hemolysate was treated with hydrogen peroxide (0.2 
mol/L), the reaction was arrested after 60 s by the addition of 
dichromate – acetic acid reagent cooled and the intensity of color was 
deliberate at 620 nm. Various aliquots of H2O2 be used as the standard. 
A  system devoid of the enzyme serves as the control GSH and was 
assayed by the method of Beutler and Kelly (1963) and GSH peroxidase 
by Hopkins and Tudhope, 1973. The records for biochemical analysis 
are expressed as mean and standard deviation. The Student’s t-test was 
used for statistical comparisons.

RESULTS

Height of lipid peroxidation in plasma of normal and of liver cancer 
patients is reported in Table 1. Lipid peroxidation as assayed by TBARS 
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level was found significantly higher in liver carcinoma patients as 
compared to normal subjects. MDA levels showed rise in patients and 
were 5 times increase than Indian male patients. In Hungarians the 
level was two times higher in patients than Hungarian control subjects. 
The Hungarians control showed higher levels even than Indian controls.

The level of antioxidants in the flow of normal subjects and of liver cancer 
patients is reported in Tables 2 and 3. The enzymatic antioxidants as SOD 
were decreased in Indian patients as compared to Hungarian patient. In 
comparison to controls, Indians and Hungarians both showed increased 
levels, but the increase was found more in Hungarians. CATs in the 
hemolysate was about twice higher in Hungarian liver cancer patients 
as compared to Indian patients, but if we compare controls than levels 
in patients were lower than the levels in controls both in Indians and 
Hungarians. Furthermore, the non-enzymatic antioxidants GSH were 
less decreased in Hungarian patients than in Indian patients. Overall, 
Hungarian patients (both male and female) showed more decrease in 
glutathione peroxidase (GSH-Px) levels as compared to Indian patients 
(both male and female). The levels were more in Hungarian patients as 
compared to Indian patients.

DISCUSSION

In the examination of normal subjects of India and Hungary, Hungarians 
showed higher lipid peroxidation. Therefore, it was thought to germane 
a study in them for several reasons, although Caucasoid is a common 
factor, Hungarians do have some genetic differences from Indians, 
because of certain features which make them different from Indians 
such as: (a) Less populated atmosphere, (b) better nutrient intake, 

(c) use of tinned food is common for them, (d) regular habits of drinking 
alcoholic beverages, and (e) smoking habits.

All these factors influence oxidant status. Burn [11] and alcohol 
intake [12,13] increase peroxidative stress. The TBARS level in 
normal Hungarian males, females, was 8.60±2.70 nmol/ml and 
7.10±0.62 nmol/ml and 2.25±0.56 nmol/ml. Thus, TBARS level in 
Hungarians was about 3  times higher than Indians. This observation 
is very significant as it explicitly points out a higher oxidant burden 
in Hungarians [14]. As MDA is direct adduct of polyunsaturated fatty 
acids (PUFA), this is essential constituent of cellular membrane lipids 
and many other cellular components; therefore, three deductions can 
be complete; (a) membrane lipids are more damaged in Hungarians as 
compared to Indians, (b) PUFA located in other cellular or additional 
cellular compartment are more injured, and (c) else both are partly 
injured. It is important to note that damage need not be necessarily 
expressed in the form of pathology, because tissues are always in a 
condition of lively balance and possess an effective repair system. 
The data are of greater significance when viewed in context to the 
antioxidant status which is better in them. Four antioxidants were 
measured, namely, GSH, SOD, CAT, and GSH-Px. Interestingly, SOD and 
GSH levels were significantly higher and other tended to be higher 
in them than Indians. Clearly, the reason could be the need for better 
defense batteries. It is now we know that all the three enzymes are 
inducible enzymes and their activity in Hungarians innately implies 
that their induction should be to meet an improved generation of 
superoxide anion and free hydroxyl radical. Similarly, the increased 
level of GSH should meet the increased insist of GSH-Px.

It has been frequently pointed out in the literature that reduced GSH 
is a major endogenous antioxidant [15]. In the western population, 
the reported normal range is 47–80  mg/100  ml. In Hungarian 
males and females sits level was 67.10±7.30 and 69.00±7.31, 
respectively. These levels are clear signs of an adequate status. In 
Indian subjects, its level is reported to very wide extent. Our study 
found values comparable [16], but in others, it was found to be 
lower [17,18]. Green and Paller [15] discussed that potent exogenous 
sources of free radicals include oxidized drugs, smoke, radiations, 
and other substances. And also, that endogenous antioxidation 
GSH is preferentially oxidized to save tissues from disasters of 
oxidant injury. It is very well recognized that free radicals are the 
byproducts of metabolic processes and originate from environmental 
pollutant [16], where again GSH comes to rescue along with other 
antioxidants., Therefore, lower level of GSH in Indians represents 

Table 1: Lipid peroxidation (nmol of malondialdehyde 
formed ml of plasma): Comparison in Indian and Hungarians

Subjects Mean±SD

Indians Hungarians

Males 
(n=58)

Females 
(n=42)

Males 
(n=64)

Females 
(n=36)

Control 
(n=100)

2.55±0.71 2.25±0.56 8.60±2.70 7.10±0.62

Liver cancer 
(n=100)

3.16±0.97 3.64±1.00 16.24±4.98 17.26±2.38

SD: Standard deviation

Table 2: Antioxidants levels in controls in Indian and Hungarian subjects

Parameters Mean±SD

Indians Hungarians

Males (n=58) Females (n=42) Males (n=64) Females (n=36)
SOD (U/mg Hb) 3.86±0.69 3.26±0.85 1.32±0.40 1.900±0.36
Catalase (µmol H2O2/min/mg protein) 87.98±15.36 88.26±14.65 94.80±27.60 90.34±27.80
GSH (mg/dl) 36.46±5.43 35.00±15.43 67.10±7.30 69.00±7.30
GSH‑Px (mg GSH/minat 37°C) 2.36±1.02 2.02±1.21 9.11±0.65 8.68±0.85
SOD: Superoxide dismutase, GSH‑Px: Glutathione peroxidase, SD: Standard deviation

Table 3: Antioxidants levels in patients in Indian and Hungarian subjects

Parameters Mean±SD

Indians Hungarians

Males (n=58) Females (n=42) Males (n=64) Females (n=36)
SOD (U/mg Hb) 3.96±2.68 3.96±0.65 11.99±0.46 13.03±0.67
Catalase (µmol H2O2/min/mg protein) 64.06±18.24 69.46±15.52 78.98±16.87 78.33±23.15
GSH (mg/dl) 20.00±4.20 20.84±15.50 53.42±8.02 58.00±8.72
GSH‑Px (mg GSH/minat 37°C) 0.92±1.14 0.86±1.14 5.08±1.41 5.81±1.01
SOD: Superoxide dismutase, GSH‑Px: Glutathione peroxidase, SD: Standard deviation
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a discouraging picture about antioxidant status which is generally 
weak due to weaker nutritional antioxidant status.

Strikingly SOD levels were found senior in together Hungarian 
males (1.32±0.40 units/ml hemolysate) and females 
(1.91±0.36 units/ml hemolysate). This is 3.4 and 5.82  times higher 
than the matching subject. This higher level can be due to a genetic 
consequence of an adaptive mechanism to meet improved flux of 
superoxide anion; the latter one appears more plausible.

Oxidative stress is the result of a disturbance in the balance between 
the production of ROS and the efficiency of the antioxidant defense [19]. 
Potential targets for free radical assault include lipids, proteins, and 
nucleic acids [20]. The epoxides generated because of increased 
oxidative stress may impulsively react with nucleophilic centers in 
the cell and thus covalently bind to DNA and RNA and protein. Such 
reactions may guide to cytotoxicity and carcinogenicity depending 
on the properties of the epoxides [21]. Moreover, severe oxidative 
pressure is not only known to cause genetic material and mutations in 
tumor suppressor genes but also for playing an important role in the 
promotion of multistep carcinogenesis [14,15]. Due to its far above the 
ground cytotoxicity and inhibitory action on defensive enzymes, the end 
product of lipid peroxidation MDA is optional to act as a tumor promoter 
and a cocarcinogenic agent [17]. The plasma of cervical growth patients 
is as well experiential for the increased lipid peroxidation [18]. In this 
present study, it was noticed that increased levels of circulating TBARS 
in liver cancer patients which can be accredited to the deficiency of 
antioxidant defense mechanisms.

In all cells, the antioxidant enzymes SOD and CAT are present in 
higher amounts in erythrocytes. SOD enzyme protects against O2-  by 
dismutation of the highly reactive superoxide anion to oxygen to a less 
reactive species to hydrogen peroxide [16] and CAT protects the cell 
from H2O2[19]. In the present study, it has been experiential that low 
levels of SOD and CAT in liver cancer patients. This correlates with the 
increase in peroxidation activity. A decrease in the activity of CAT and 
SOD could be the result of an increase in lipid peroxidation products. 
MDA that forms a cross-link in activating several membranes bound 
enzymes and an increase in lipid peroxide could be a possible cause of 
decreased SOD levels. Decreased CAT could be due to the use of enzymes 
because of increased peroxidation. Antioxidant GSH-PX present in the 
cell along cell membrane [20], is a radical scavenge antioxidant [20], 
which is found in all cells as a reducing agent. A lipid peroxidation 
and its positive correlation with antioxidants have been documented. 
Many studies regarding ovarian and other cancers also show an inverse 
association between circulating levels of antioxidants [21]. Due to low 
economic status and habits of using less fruits and vegetables, people 
here are too thin and thus prone to malignancy and thus, associated 
with cancers and also with liver cancer [22].

CONCLUSION

A comparative study was taken on between healthy and liver cancer 
subjects with respect to lipid peroxidation and antioxidant level in 
Indians and Hungarians. MDA levels in healthy subjects (2.55±0.71 in 
males and 2.25±0.56 in females of Indian population whereas 8.60±2.70 
in males and 7.10±0.62 in females in Hungarian population) and levels 
in patients (3.16±0.97 in males and 3.64±1.00 in females in Indians 
whereas 16.24±4.98 in males and 7.26±2.38 in females). Hungarians 
were significantly higher than controls. SOD and CAT levels were lower 
in patients than healthy controls. GSH and GSH-Px were significantly 
lower in patients than in healthy controls.
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