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Abstract 

Background: Oxidative stress plays a key role in carcinogenesis. 
Resistance of many cells against oxidative stress is associated with 
high intra cellular levels of glutathione (GSH). The antioxidant 
enzymes glutathione peroxidase (GPx) and catalase (CAT) are 
involved in the removal of lipid hydroperoxides. 

Objectives: The aim of our study is to determine the role of 
oxidative stress in the induction of breast cancer and to establish the 
effect of antioxidants in the treatment of breast cancer. 

Methods: The changes in lipid peroxidation and antioxidants were 
studied in breast cancer patients at different clinical stages. The results 
were compared with age and sex matched controls. Results: Plasma 
lipid peroxidation was found to be increased with the progression of 
breast cancer from stage I to stage IV. GSH levels in the erythrocytes 
of breast cancer patients were decreased in all clinical stages of breast 
cancer, when compared to control. CAT and GPx activities were 
elevated significantly from stage II to stage IV of breast cancer 
patients, whereas no significant change was observed in stage I, when 
compared to control. Serum iron levels were also increased 
significantly from stage II to stage IV. Conclusions: Enhanced lipid 
peroxidation may be a cause for the induction of breast cancer. The 
enhanced lipid peroxidation may be due to serum iron over load in 
these patients. Further, the serum iron levels were correlated with the 
extent of lipid peroxidation observed in different stages of breast 
cancer. 

Keywords: Lipid peroxidation, Glutathione, Catalase, Glutathione 
peroxidase, Iron, Breast cancer. 
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1 Introduction 

Experimental evidence has shown that, oxidative stress is playing an important 

role in the process of carcinogenesis by means including mutagenesis [1]. 

Increased levels of oxygen free radicals (OFR) and loss of cellular redox 

homeostasis can be tumorigenic [2].  Cancer cells can produce large amounts of 

hydrogen peroxide and this may contribute to their ability to mutate and damage 

normal tissues and, moreover facilitates tumor growth and invasion [3].  OFR 

induced lipid peroxidation has been implicated in neoplastic transformation [4]. 

Oxidative stress especially lipid peroxidation, is known to be involved in 

carcinogenesis [5]. The polyunsaturated fatty acid chains of membrane lipids are 

susceptible to oxidizing radicals with the formation of lipid peroxide. Later, it is 

eventually decomposed to a variety of end products including malondialdehyde 

[6], which is not a normal constituent of erythrocytes and therefore its production 

provides a measure of the susceptibility of membrane lipid peroxidation.   

Resistance of many cells against oxidative stress is associated with high intra 

cellular levels of glutathione [7]. GSH acts directly as a free radical scavenger by 

neutralizing OH˙, restores damaged molecules by hydrogen donation, reduces 

peroxides, and maintains protein thiols in the reduced state [8].  The measurement 

of glutathione in tissues and biological fluids is used an index of the oxidative 

stress that occurs under different physiological and pathological conditions [9].  

GSH and thiol redox status regulate expression of genes involved in the 

pathogenesis of different diseases, including cancer, AIDS, diabetes, or 

atherosclerosis [10].  

In the erythrocytes H2O2 of the enzymatic detoxification pathways, selenium 

dependent glutathione peroxidase play an essential part in the metabolism of  

H2O2, fatty acid hydro peroxides, and phospholipid hydroperoxides in mammalian 

cells [11].  GPx initiates a repair mechanism whenever an oxidative challenge 

could result in peroxidation of complex biochemical compounds such as lipids 

and nucleic acids [12]. So, it plays an important role in number of cellular defense 

mechanisms essential for the survival of the cell. 

 The antioxidant enzyme, catalase, is widely distributed in all animal tissues and 

high activity is found in red blood cells.  Studies have shown that the 

administration of catalase results in protection against H2O2 mediated lipid 

peroxidation [13]. Catalase decomposes H2O2 without generation of free radicals 

by minimizing one electron transfers.  Hence, a protective role against free 

radicals may be the main physiological function of catalase [14].  

Iron is an essential component of hemoglobin and myoglobin.  It is also an 

important part of some enzymes, in the form of heme (e.g. Xanthine oxidase).  

Knutson et al [15], reported significant increase in lipid peroxidation in high iron 

loaded  experimental animals suggesting iron excess promote oxidative stress and 

may involve mitochondrial dysfunction as observed in aging and associated 
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degenerative diseases. Iron has been recognized to potentiate carcinogenesis in 

several different organ systems and is an important risk factor for breast cancer 

[16].  

 

2 Patients and Methods 

Forty newly diagnosed breast cancer patients (ten at each stage), ranging in age 

from 32 to 65 years from Department of Oncology, Govt. General Hospital, 

Kurnool,  Apollo Medial Centre, Kurnool (A branch of Apollo Hospitals, 

Hyderabad) and Gowri Gopal Hospitals, Kurnool, who had not undergone any 

previous treatment were chosen for this study.  An equal number of age matched 

normal women served as control. Blood was obtained by venous puncture in a 

sterile tube and was allowed to clot. Serum was separated by centrifugation at 

1000g for 15 minutes. For plasma, blood was collected by venous arm puncture in 

a heparinized tube and plasma was separated by centrifugation at 1000g for 15 

minutes. Blood samples obtained from breast cancer patients were analyzed 

together with an equal number of age and sex matched normal healthy subjects. 

Lipid peroxidation was estimated as evidence by the formation of thiobarbituric 

acid reactive substances like malondialdehyde (MDA) according to the method of 

Yagi [17].  Total reduced glutathione content was measured by the method of 

Ellman [18].
 
 This method is based on the development of a yellow color when 5, 

5-dithio bis-2-nitro benzoate (DTNB) is added to compounds containing 

sulfhydryl groups. The activity of glutathione peroxidase was determined 

according to the method of Rotruck et al [19].
 
 Catalase was assayed by the 

method of Sinha [20].
 
   Iron was estimated by Wong’s method [21].

 
 The data for 

biochemical analysis were expressed as mean + S.D. t-test was applied to 

determine the significance of various biochemical changes among the clinical 

stages (I, II, III and IV) and controls. 

 

3 Results 

Table 1 shows the extent of lipid peroxidation in plasma of normal subjects and 

patients with breast cancer at four different stages.  Lipid peroxidation was found 

to be significantly raised in breast cancer patients, when compared to control.  The 

extent of lipid peroxidation was found to be increased with the progression of 

breast cancer from stage-I to stage-IV.  Lipid peroxidation was enhanced by 25% 

and 50% in stage-I and stage-II breast cancer patients respectively when compared 

to the control. Markedly increased lipid peroxidation was observed in advanced 

stages of breast cancer (Stage-III & IV).  
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Table 1:Changes in the levels of plasma lipid peroxidation in breast cancer 

patients at various stages  and normal control (Mean +  SD). 

Parameter 
Control 

n=10 

Total 

Breast 

Cancer 

Patients 

n=40 

Breast cancer patients 

Stage-I 

n=10 

Stage-II 

n=10 

Stage-

III 

n=10 

Stage-

IV 

n=10 

Lipid 

Peroxidation 

(mmdes of 

MDA/ml 

plasma) 

0.04     + 

0.01 

0.087 
a
 

+ 0.032 

0.05  
a
   

+ 0.04 

0.07  
a 
  

+ 0.01 

0.116 
a 
+ 

0.01 

0.117 
a
 + 

0.04 

 

GSH (g/dl 

Plasma) 

53.05      

+ 3.0 

29.77 
a  

    

+ 3.43 

48.05 
a 
      

+ 2.1 

33.05 
a  

      

+ 4.27 

20.61 
a
       

+ 3.69 

17.37 
a 
     

+ 03.69 

Iron      

  (g/dl) 

156.9    

+ 17.3 

277.8 
a
  

+ 20.3 

163.7   + 

10.4 

199.5  
a
   

+ 19.1 

311.17
 a
 

+ 22.7 

443.18
 a
 

+ 29.1 

 

a - Significantly different from controls (P<.05) 

 

Table 2 shows the changes in reduced glutathione levels in the erythrocytes of 

breast cancer patients at various stages and normal control.  GSH levels were 

found to be significantly reduced in all clinical stages of breast cancer patients, 

when compared to control. GSH levels were found to be decreased by 9.4% to 

68% from stage- I to Stage-IV of cancer patients compared to control, indicating 

the percentage of decrease in GSH advances from stage-I to Stage-IV (9.4%, 37%, 

61%, 68%).   

 

Table 2: Changes in the activity of glutathione peroxidase and catalase in the 

blood of cancer patients at various stages   and normal control (mean + SD) 

Parameter 
Control 

n=10 

Total 

Breast 

Cancer 

Patients 

n=40 

Breast cancer patients 

Stage-I 

n=10 

Stage-II 

n=10 

Stage-III 

n=10 

Stage-IV 

n=10 

GPx (U
A
) 177.3   + 

31.0 

203.36 
a 
+ 

25.57 

170.06 + 

15.0 

205.01
a
  

+ 18.8 

216.5
a
    

+ 22.8 

221.9
a 
    

+  45.7 

Catalase 

(U
B
) 

0.05    + 

0.001 

0.063 
a 
   

+ 0.007 

0.05     + 

0.007 

0.063 
a 
  

+ 0.007 

0.069 
a 
  

+ 0.007 

0.069 
a 
  

+ 0.007 

U
A
 - g of GSH consumed/min/gram Hb 

U
B
 - g of H2O2 decomposed/min/g Hb 

a- significantly different from control (P <.05) 
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Table 2 shows the alterations in the activity of glutathione peroxidase in breast 

cancer patients compared to normal subjects.  The activity of GPx was found to be 

increased significantly in breast cancer patients.  GPx activity was elevated 

significantly from stage - II to Stage -IV breast cancer patients (4% to 25%), 

whereas no significant change was observed in stage I breast cancer patients, 

when compared to controls 

In present study, catalase activity was estimated in all clinical stages of breast 

cancer and normal controls.  Catalase activity was found to be increased 

significantly from stage - II to stage - IV of breast cancer patients when compared 

to the normal controls. CAT activity was increased by 26% in stage II and 38% in 

stage III & IV, compared to controls.  No significant change was observed in 

stage I breast cancer patients 

In present study, serum iron levels were estimated among breast cancer patients in 

relation to different clinical stages and in normal subjects.  Serum iron levels were 

found to be increased in breast cancer patients, when compared to control. Serum 

iron levels were not significantly altered in stage-I breast cancer patients, whereas 

markedly elevated serum iron levels were observed in advanced stages of breast 

cancer. 

 

4 Discussion 

Plasma MDA levels have been studied as an indicator of lipid peroxidation in 

human.  Different results with regard to the levels of lipid peroxidation products, 

especially MDA in various tumors including breast cancer have been reported.  

Gerber et al [22],   have reported that patients with breast cancer have 

significantly lower plasma MDA levels when compared to healthy controls. 

However, Faber et al [23], 
 
have shown that the patients with breast cancer have 

higher MDA levels when compared to controls.  Those reporting higher levels of 

oxidative stress, including increased MDA levels, in patients with various cancers 

have interpreted their data as the oxidative stress playing an important role in the 

process of carcinogenesis by means of including mutagenesis [24]. However, 

some researchers have reported decreased levels of lipid peroxidation products 

and oxidative stress along with increased antioxidant status in cancer patients 

[25].
 
   So, in the present study, lipid peroxidation was assessed in cancer patients 

and compared with control. Increased levels of lipid peroxidation products play a 

role in the early phases of tumor growth [26].  Marnet LJ [27],   reported that, the 

endogenous MDA has also been reported to cause mutagenesis in various tissues 

by forming DNA adducts.  The potential of MDA formation in formation of 

cathcolestrogen metabolites have been proposed for its role in estrogen induced 

carcinogenesis [28]. 

Damage to the breast epithelium by oxygen free radicals can lead to fibroblast 

proliferation, epithelial hyperplasia, cellular atypia and breast cancer.  Studies 

have shown increased lipid peroxidation in solid tumors [29].   
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In conclusion, MDA level seems an important biomarker for chemoprevention 

and can be used as a surrogate marker for chemoprevention studies.  Additionally 

restoration of the endogenous levels of important potential carcinogenic factors, 

such as MDA might have a role in chemoprevention studies for cancer and 

warrants further research. 

GSH acts directly as a free radical scavenger by neutralizing OH˙, restores 

damaged molecules by hydrogen donation, reduces peroxides, and maintains 

protein thiols in the reduced state [8].
 
  GSH and thiol redox status regulate 

expression of genes involved in the pathogenesis of different diseases, including 

cancer, AIDS, diabetes, or atherosclerosis [10].
 
 

Thus the deceased GSH levels in different stages of breast cancer coincide with 

the enhanced lipid peroxidation observed in corresponding stages of breast cancer 

patients.  Decreased GSH levels in breast cancer patients may be attributed to 

increased utilization to scavenge lipid peroxides as well as sequestration by tumor 

cells.  Navarro et al [30],
  
 reported that, the GSH levels are reduced may be due to 

a decrease in available substrate for GSH synthesis. 

The elevation of erythrocyte GPx activity in breast cancer patients and 

progression of its elevation from stage II to stage IV may be a marker of cell 

proliferation by eliminating H2O2 and other hydroperoxides.  Similar to our study, 

Doroshow [31],
 
and Kumaraguruparan et al [32], were also reported enhanced 

GPx in breast tumors. The enhanced activity of GPx in the present study also 

correlated with decreased GSH levels of plasma.  Inspite of enhanced GPx 

activity the plasma lipid peroxidation was found to be enhanced in breast cancer 

patients indicating that the protection provided by GPx is not sufficient to 

counterbalance the oxidative stress observed in these patients.  Contrary to our 

reports, Robinson et al [33],
 
  reported decreased GPx activity with progression of 

neoplastic transformation and in erythrocytes of gastric cancer patients 

respectively.  Hong et al [34], reported that GPx is a key enzyme in the defense 

against oxidative damage and cell survival was correlated directly with the GPx 

activity. 

The increase in catalase activity could be a protective mechanism for the cells due 

to the tumor induced hyper production of reactive oxygen species (ROS). Over 

expression of antioxidants have been documented in wide varieties of malignant 

tumors including breast cancer [35].
 
  Halliwell [36],

 
reported that oxidative stress 

can cause up regulation of antioxidant enzymes that render cells more resistant to 

subsequent oxidative insult.  

Further, Lu et al [37], reported that cancer cells with increased activity of 

antioxidant enzymes are presumed to escape recognition by cytotoxic 

lymphocytes.  Unlike to our reports, decreased erythrocyte catalase activity was 

reported in patients with stomach cancer and in cancerous tissue in human 

hepatoma and liver tumor bearing mice [38], others have reported reduced 

antioxidant activities in lung tumors [39].
 
 The increase in lipid peroxidation 

observed in breast cancer patients in the present study was not counterbalanced by 

the enhanced antioxidant defense enzymes such as GPx and catalase.  Moreover, 
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these enzymic changes may suggest possible cancer induced alterations in the 

regulation of gene expression in the pluripotent stem cells, or may reflect a more 

rapid turnover of the red blood cells. 

Studies of severe iron overload modeling hemochromatosis have reported 

increased hepatic lipid peroxidation, nuclear DNA damage, and mitochondrial 

dysfunction [40].
 
 The severe iron overload of mitochondria has been fund to 

induce mitochondrial DNA damage [41].
 
 Iron can catalyze conversion of H2O2 

into OH˙, the primary ROS responsible for DNA damage.  Thus the enhanced 

serum iron levels in the present study may enhance the oxidative stress in the 

breast cancer patients. Iron has been recognized to potentiate carcinogenesis in 

several different organ systems and is an important risk factor for breast cancer 

[42].
 
  For reasons not fully understood, iron accumulates in intracellular 

complexes with ferritin storage protein as a function of age.  Thus, males and 

females reveal progressive iron accumulation with age, which is especially 

enhanced in post-menopausal women [43],
 
whose incidence of breast cancer is 

increased. 

Importantly, serum and breast ferritin levels are substantially elevated in breast 

carcinoma [44], and have been directly linked to mammary carcinogenesis 

through ROS [45]. The enhanced lipid peroxidation may be due to increased 

serum iron levels in these patients. Further, the serum iron levels were correlated 

with the extent of lipid peroxidation observed in different stages of breast cancer. 

It has been suggested that elevated ferritin/Iron complexes may supply the 

unusual needs for iron during proliferation of mammary tissue in normal or breast 

carcinoma cells.  However, the need for iron in mammary gland cell growth may 

also substantially contribute to an unusual risk for ROS mediated injury.  

Treatment with ROS scavenging antioxidants, inhibition of critical ROS 

generating enzymes like xanthine oxidoreductase, reduction of iron intake, and 

reduced alcohol consumption by women in higher age dependent risk categories 

could significantly modulate the incidence of breast cancer. 
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