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    Normal consequence of several biochemical reactions in our body is production of reactive 
oxygen species (ROS) whose deleterious effects are well balanced by our endogenous 
antioxidant defense system. However, disruption of this balance leads to overwhelming free 
radical generation which has been known to be linked with carcinogenesis. This study aims to 
investigate the level of lipid peroxidation which is indicative of free radical mediated oxidative 
damage to biological macromolecules and also antioxidant status of the cancer patients (oral, 
breast  and cervical ,  N=52) compared to healthy subjects(N=48).  Hence 
malondialdehyde(MDA) has been measured as a marker of lipid peroxidation along with 
estimation of antioxidant enzymes activity like superoxide dismutase(SOD), catalase(CAT), 
vitamin C, vitamin E, albumin. Significant increase in level of MDA has been observed in cancer 
group with decrease in antioxidant level. Thus, it can be concluded that antioxidant 
supplementation can be beneficial to compensate for the impaired antioxidant system, both 
enzymatic and non-enzymatic, in cancer patients after particular stage of cancer progression 
has been diagnosed.
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1. Introduction
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Free radicals are essential in moderation but detrimental in 

excess. These free radicals that brought life into existence millions 

of years back, now pose an immense threat to perpetuation of 

human life. Under normal circumstances, free radicals are 

produced in our body at a constant rate, especially in mitochondrial 

respiratory complexes [1,2]. Several studies have indicated 

involvement of free radicals like singlet oxygen, superoxide anions, 

hydrogen peroxides, hydroxyl and reactive nitrogen species in 

etiopathogenesis of cancer [3] and they are catagorised as 

'proxidants'. However, to combat the toxic effects of free radicals, 

human body is equipped with a strong antioxidant defense system 

that scavenges or neutralizes the reactive species, preventing it to 

cause damage to biological macromolecules. This cellular 

antioxidant array constitutes both enzymic (SOD, Catalase, Gpx, 

etc.) and non-enzymic components (Vit. C, vit E, albumin, etc.). 

Impairement in this homeostatic balance between proxidants and 

antioxidants is known to trigger carcinogenesis [4]. 

Cervical cancer is a major health problem worldwide, being the 

third most common cancer among women. Breast cancer also pose 

a potent threat to women of both developing and developed 

countries; with its increasing incidence rate. Another very 

common form of cancer showing increasing occurence in eastern 

Asia is oral cancer [5]. The effective management of these cancers 

demand establishment of specific biochemical and molecular 

markers .  One prospective indicator  could be MDA 

(malondialdehyde), a product of lipid peroxidation. Lipids, the 

major component of cell membranes are specially prone to 

oxidative stress mediated damage that results in lipid peroxidation 

reaction. Polyunsaturated fatty acid chains in cell membrane are 

generally attacked leading to generation of lipid hydroperoxides, 

thiobarbituric acid reactive substances (TBARS) and long lived 

aldehydes [6]. These substances themselves exhibit free radical 

activites thus initiating a chain reaction. MDA is one such 

byproduct of lipid peroxidation and exist both in free as well as 

bound state to –SH or –NH2 group of other biological 

macromolecules. MDA, being genotoxic causes DNA damage and 

mutation [7]. Experimental investigations have highlighted MDA 

to be mutagenic in bacterial and mammalian cell culture systems 

and carcinogenic in rats [7].
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Vitamin C (mg/dl) 

Vitamin E (mg/dl)

Albumin (g/dl)

3.23 ± 0.61

1.77 ± 0.12

  4.05 ± 0.32  

1.87 ± 0.48

0.57 ± 0.15

2.76 ± 0.14

< 0.0001

< 0.0001

<0.0001

Parameter Control 
(mean±SD)

Cancer patients
(mean±SD)

p value

3. Results:

Kausik Bandyopadhyay  et.al Int J Biol Med Res. 2014; 5(1): 3755-3758

3756

Our present study aims to investigate the extent of lipid 

peroxidation in three cohorts of breast, cervical and oral cancer. The 

antioxidant levels in blood of cancer patients, both enzymic and 

non-enzymic are evaluated separately. Specific objective of the 

study is to investigate whether the balance between free radicals 

and radical scavenging enzymes is disrupted. Levels of MDA were 

measured as an index of lipid peroxidation and free radical activity. 

Levels of SOD and catalase activity were measured a representative 

of enzymic antioxidant activity along with vitamin C and E, albumin 

as the non-enzymic component of antioxidant status in the body.

All subjects were divided into 2 groups: control subjects and 

cancer patients. The preliminary case-control study consists of 52 

cases and 48 control subjects. 52 cancer patients were further 

divided into 3 major catagories of cancer. Out of 52 cases, 14 cases 

present with cervical cancer, 22 cases are of oropharyngeal cancer 

and 16 cases represent breast cancer. 

Blood samples were collected from 52 cancer patients from the 

outpatient department, S.S.K.M Hospital, Kolkata, India after proper 

diagnosis. The subjects who were diagnosed as cancer free were 

catagorised as control cases. Control were healthy subjects not 

addicted to tobacco chewing, smoking, drinking and belonged to the 

same sex, age and socio-economic group as the cancer patients. All 

of them had normal blood chemistry, ECG, Chest X-ray, blood counts 

apart from a normal clinical examination.  Patients with history of 

diabetes, hypertension, chronic renal failure, atherosclerosis or 

suffering from any other disease and taking any medications were 

excluded from the study subjects. 

The study was approved by the Institutional Ethical Committee 

of IPGMER and was carried out with consent of the cancer patients 

as well as control subjects. 

5ml of heparinised venous blood was collected from both 

patients and controls. The collected blood was then centrifuged and 

plasma was collected for immediate analysis or stored at -80°C until 

biochemical tests were carried out. Serum samples were allowed to 

clot for 30mins and then centrifuged. Serum MDA was estimated in 

a spectrophotometer as thiobarbituric acid reactive substances 

(TBARS) [8]. Vitamin C and vitamin E content were measured 

according to the method of Stanley T. Omaye et al., [9] and Indrajit D. 

Desai [10] respectively. CAT and SOD activity were determined in 

blood plasma. SOD activity was measured as per the method of 

McCord and Fridovich [11]. The unit of enzyme activity was defined 

as the amount of enzyme required to inhibit the optical density at 

560 nm of Nitro Blue Tetrazolium (NBT) reduction by 50% in one 

minute under the assay conditions. CAT activity was evaluated as 

per the method of Aebi and Suter [12]. 1 unit of CAT decomposes 1.0 

mM of hydrogen peroxide per minute under specified conditions. 

Albumin was estimated by photometric methods using Erba kit on 

Daytona, USA access clinical chemistry analyzer.

2.4. Statistical analysis:

 All values were expressed as means ± SD. The statistical 

significance of difference between the various groups was 

determined by using the students't' test; p > 0.05 = not significant 

(NS); P < 0.05 = significant, P < 0.001 = moderately significant, P < 

0.0001 = highly significant. Graph Pad Prism5 software was used for 

all statistical analysis of the data. 

 The age of the 52 cancer subjects and 48 healthy controls were 

43.98 ± 7.7 vs 42.63 ± 8.0 years. The age wise distribution of control 

and cancer patient group was found to be statistically non-

significant, which indicates that control and cancer patients were 

age-matched. A significant rise was observed in the serum level of 

MDA in cancer subjects compared to healthy controls (658.1 ± 

130.7 vs 253.3 ± 66.18 nmol/dl; p < 0.0001) which was statistically 

significant (Fig.1). Further, a lower value of plasma catalase (Fig.2A) 

and plasma SOD (Fig.2B) was seen in cancer subjects than healthy 

controls which were statistically significant (p < 0.001). Moreover, 

serum Vitamin C, Vitamin E, albumin levels were found to be 

lowered in cancer subjects compared to healthy controls (Table 1). 

Table. 1:  Estimation of non-ezymatic antioxidant levels in 

cancer patients and their comparison with healthy control 

subjects.

Fig. 1: Estimated level of serum MDA(nmol/ml) in cancer 

patients (Cases, N=52) in comparison to healthy subjects 

(Control, N=48); p <0.001.

2.1. Sample distribution:

2.2. Inclusions and Exclusions criterias:

2.3. Experimental Methods:

2. Materials and Methods:



4. Discussion:
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Fig.2A: Estimated level of catalase activity (U/ml plasma) in 

cancer patients (Cases, N=52) in comparison to healthy 

subjects (Control, N=48); p <0.001.

Fig.2B: Estimated level of SOD activity (U/ml plasma) in 

cancer patients (Cases, N=52) in comparison to healthy 

subjects (Control, N=48); p <0.001.

From the present investigation, it can be stated that MDA level 

has been elevated significantly in all three types of cancers which is 

in compliance with several reports [13,14,15]. High cytotoxic and 

inhibitory action of MDA on protective enzymes is supported by our 

results thus confirming it as a tumor promoting and carcinogenic 

mediator. Increased MDA level also points to the hypothesis of 

possible ROS accumulation in cancer patients which in turn might 

result in increased lipid peroxidation in cellular and molecular 

levels.

     The first line of defense against reactive oxygen species is 

provided by superoxide dismutase and catalase since they exert 

direct action on ROS metabolites. In regard to development of 

cancer, SOD and CAT can halt its progression to metastatic stage. It 

has been already reported that SOD and CAT can prevent mutation 

caused by potential superoxides and hypoxanthine/xanthine in 

Chinese hamsters cells [16]. In our present study, antioxidant status 

has been compromised in the face of surmounting challenge put 

forward by elevated MDA level in all three types of cancers studied. 

Our report in is agreement with Prabasheela et al. and Sinha et al. 

[17,18]. Moreover, it has been reported that this depleted SOD and 

CAT levels in turn also accentuates the deleterious effects of 

superoxide radicals [19]. 

     Non-enzymic antioxidants in the body include two main 

chain breaking components, vitamin C and E. In the present study, 

vitamin C and E levels decreased significantly in patients group. 

This depletion is probably due to overwhelming production of free 

radicals as a consequence of increased MDA. Thus vitamin C and E 

were consumed to fight back these free radicals during the cellular 

survival battle. Since vitamin E is lipid soluble and is associated with 

lipoprotein plasma fraction, therefore it was used up at a higher 

rate. Our findings are supported by the following report of Singh et 

al. [20]. Extensive studies have also shown that vitamin C can 

neutralize free radicals and thus can halt tumor growth [21,22]. 

Also human mammary tumor growth can be inhibited by oral 

vitamin C administration [23]. Reduction in vitamin C consumption 

has been reported to enhance risk of cervical cancer in mice 

[24,25,21]. Furthermore, vitamin C can regenerate other 

antioxidants, for example, α-tocopherol production from α-

tocopheroxyl radicals and hence attenuates α-tocopheroxyl 

radicals mediated peroxidation reactions [26]. Vitamin C and E 

levels in our study has been much lower in cancer group than 

corresponding control subjects. This is in accordance with study 

conducted by Aravindh et al. [27,28]. Thus, further investigation is 

needed about the fact whether vitamin C and E supplementation 

alone or in combination with other antioxidants can be protective 

particularly in these types of cancers.  

      Within the cellular antioxidant array, albumin has been 

recently designated as an important physiological antioxidant [29]. 

Its antioxidant activities have been lately highlighted by Roche et al. 

[30] and has been known to scavenge 70% free radicals [31]. N-ter 

DAHK sequence in albumin inhibits lipid peroxidation and in 
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complex with copper prevents ROS generation. Also, OH radicals 

could be scavenged by reduced Cys34 residue of albumin [32]. 

However, the radical scavenging properties of albumin gets 

impaired by conformational changes brought about by free radicals 

and also level of albumin synthesis has been reported to be 

repressed by any infection, injury and neoplasia [33]. Similarly, our 

report also demonstrates lowering of albumin level in cancer 

patients due to its previously stated vulnerability to oxidative 

stress. Our result also matches with study conducted by Ko et al. 

[29]. 

From the documented results of our present study, we put 

forward the view that upsurged level of MDA in combination with 

compromised antioxidant status both enzymatic and non-

enzymatic encourages progression of cancer to its subsequent 

lethal stages. These altogether provide cancerous cells a more 

opportunistic environment to acquire its characteristically high 

proliferating rates. Thus, though lipid peroxidation has been 

recently projected as a therapeutic means in some studies [34], it is 

obviously specific to the current stage of cancer and its baseline of 

ROS production; probably when cancer progression cannot be 

halted, instead cell death is preferred. However, detailed studies 

regarding association between antioxidant levels and different 

types of cancers in a larger population should be undertaken with 

more emphasis to particular stage of cancer progression. 

We acknowledge the Director, IPGMER and 'The West Bengal 

University of Health Sciences' for kind support and encouragement.    

6. References:

[13] Kolanjiappan K, Manoharan S, Kayalvizhi M.  Measurement of erythrocyte 
lipids, lipid peroxidation, antioxidants and osmotic fragility in cervical 
cancer patients. Clinica Chimica Acta 2002;326:143–149.

[14] El-Hefny MA, Karimova ST, Afandiev AF. Lipid Peroxidation and 
Antioxidant Status in Breast Cancer Patients before and after Therapy. 
Med  J Cairo Univ 2009;77:37-42.

[15] Manoharan S, Kolanjiappan K, Suresh K, Panjamurthy K. Lipid 
peroxidation & antioxidants status in patients with oral squamous cell 
carcinoma. Indian J Med Res 2005;122: 529-534.

[16] Iwata K, Shibuya H, Ohkawa y,Inui N. Chromosomal aberrations in V79 
cells induced by superoxide radical generated by the hypoxanthine- 
xanthine oxidase system. Toxicol Lett 1984; 22:75-81.

[17] Prabasheela B, Singh AK, Fathima A, Pragulbh K, Dekha NJ. Association 
between Antioxidant Enzymes and Breast Cancer B. Rec Res Sci Tech 
2011;3: 93-95.

[18] Sinha RJ, Singh R, Mehrotra S, Singh RK. Implications of free radicals and 
antioxidant levels in carcinoma of the breast: A never-ending battle for 
survival. Indian J Cancer 2009; 46:146-50

[19] Tayarani I, Cloλz I, Clιment M, Bourre JM. Antioxidant enzymes and 
related trace elements in aging brain capillaries and choroid plexus. J 
Neurochem 1989; 53:817-24.

[20] Singh P, Kapil U, Shukla NK, Deo SVS, Dwivedi SN. Association between 
breast cancer and vitamin C, vitamin E and selenium levels: results of a 
case-control study in India.Asian Pacific J Cancer Prev 2005;6:177-180.

[21] Brock KE, Berry G, Mock PA, MacLennan R, Truswell AS and Brinton LA. 
Nutrients in diet and plasma and risk in situ cervical cancer. J Natl Cancer 
Inst 1988;80:580-585.

[22] Uddin S, Ahmad S. Antioxidant protection against cancer and other 
human diseases. Comprehen Therap 1995;21:41-45.

[23] Tsao CS. Inhibiting effect of ascorbic acid on growth of human mammary 
tumor xenografts. Am J Clin Nutr 1991;54:1274S-1280S.

[24] Verreault R, Chu J, Mandelson M, Shy K. A case study of diet and invasive 
cancer. Int J Cancer 1989;43:1050-1054.

[25] Rock CL, Michael CW, Reynolds RK and Ruffin MT: Prevention of cervix 
cancer. Crit Rev Oncol Hematol 2000;33:169-183.

[26] Neuzil J, Thomas SR and Stocker R. Requirement for promotion or 
inhibition by α-tocopheroxyl radical induced plasma lipoprotein lipid 
peroxidation. Free Rad Biol Med 1997; 22:57-71.

[27] Aravindh L, Jagathesh P, Shanmugam S, Sarkar S, Kumar PM, 
Ramasubramanian S. Estimation of plasma antioxidants beta carotene, 
vitamin C and vitamin E levels in patients with OSMF and Oral Cancer - 
Indian population. Int J Biol Med Res 2012;3:1655-1657.

[28] Gupta S, Reddy MVR, Harinath BC. Role of oxidative stress and 
antioxidants in aetiopathogenesis and management of oral submucous 
fibrosis. Indian journal of Clinical biochemistry 2004:19:138 – 141.

[29] Ko WF, Helzlsouer KJ, Comstock GW. Serum albumin, bilirubin, and uric 
acid and the anatomic site-specific incidence of colon cancer. J Natl 
Cancer Inst.1994;86:1874–1875.

[30]  Roche M, Rondeau P, Singh NR et al. The antioxidant properties of serum 
albumin. FEBS Letters. 2008;582:1783–1787.

[31] Bourdon E, Blache D. The importance of proteins in defense against 
oxidation. Antioxid Redox Signal. 2001;3:293–311.

[32]  Bar-Or D, Rael LT, Lau EP, Rao NK, Thomas GW, Winkler JV, Yukl RL, 
Kingston RG, Curtis CG. An analog of the human albumin N-terminus 
(Asp-Ala-His-Lys) prevents formation of copper-induced reactive oxygen 
species. Biochem Biophys Res Commun 2001; 284:856–862.

[33] Koc M, Taysi S, Sezen O, Bakan N. Levels of some acute phase protein in 
serum of patients with cancer during radiotherapy. Biol Pharm Bull 
2003;26:1494-1497.

[34] Pizzimenti S, Toaldo C, Pettazzoni P, Dianzani MU, Barrera G. The "Two-
Faced" Effects of Reactive Oxygen Species and the Lipid Peroxidation 
Product 4-Hydroxynonenal in the Hallmarks of Cancer .Cancers 2010; 
2:338-363.

[1] Halliwell B, Whiteman M. Measuring reactive species and oxidative 
damage in vivo and in cell culture: How should you do it and what do the 
results mean? Brit J Pharmacol 2004;142: 231-255.

[2] Irshad M, Chaudhari PS. Oxidant-Antioxidant system: Role and 
significance in human body. Ind J Exp Biol 2002;40:1233-1239.

[3]  Kongara S, Karantza V. The interplay between autophagy and ROS in 
tumorigenesis. Front Oncol 2012;2:171.

[4] Ray G, Husain SA. Oxidants, Antioxidants and Carcinogenesis. Ind J Exp 
Biol 2002;40: 1213-1232.

[5]  Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer 
statistics. CA Cancer J Clin 2011;61:69-90.

[6] Caliskan-Can E, Miser-Salihoglu E, Atalay C, Yalcintas-Arslan U, Simsek B, 
Yardim-Akaydin S, DNA Damage and Lipid Peroxidation in Several Types 
of Cancer. FABAD J Pharm Sci 2010;35:125-132.

[7] Niedernhofer LJ, Daniels JS, Rouzer CA, Greene RE, Marnett LJ. 
Malondialdehyde, a product of lipid peroxidation, is mutagenic in human 
cells. J Biol Chem 2003;278:31426-31433. 

[8] Sangeetha P, Das UN, Koratkar R, and Suryaprabha P. Increase in free 
radical generation and lipid peroxida-tion following chemotherapy in 
patients with cancer. Free Radic Biol Med 1990; 8:15. 

[9] Omaye ST, Turnbull JD, Sauberlich HE. Selected Methods for the 
Determination of Ascorbic Acid in Animal Cells, Tissues, and Fluids, 
Methods in Enzymology 1979;62:7-8.

[10] Desai ID. Vitamin E analysis methods for animal tissues, Methods in 
enzymology  1984;105:138 – 147.

[11] McCord JM, Fridovich I. Superoxide dismutase. An enzymic function for 
erythrocuprein (hemocuprein). J Biol Chem 1969;244:6049-6055. 

[12] Aebi H, Cantz M, Suter H. Cellular distribution of catalase activity in red 
cells of homozygous and heterozygous cases of acatalasia. Experientia 
1965;21:713-724. 

Copyright 2010 BioMedSciDirect Publications IJBMR -  
All rights reserved.

ISSN: 0976:6685.c

Kausik Bandyopadhyay  et.al Int J Biol Med Res. 2014; 5(1): 3755-3758


	Page 1
	Page 2
	Page 3
	Page 4

