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Abstract— Background: Reactive oxygen species (ROS) show a key role in the expansion of 
tumors. The enzymatic and non-enzymatic antioxidant guarding systems of the cell avoid oxidant 
harm to various biomolecules by neutralizing produce of free radicals. Glutathione (GSH) and 
glutathione dependent enzymes [glutathione reductase (GR) glutathione-s-transferase (GST) and 
glutathione peroxidase (GPx) are the crucial bases of cellular response to oxidative stress. Glutathione 
acts an essential part in detoxification of carcinogens. Objectives: To assess the role of antioxidant 
defense an accomplished by glutathione dependent enzymes with their cofactors and comparative 
investigation activities of the glutathione-dependent enzymes in the blood serum and saliva in the 
patients with breast cancer. Materials and Methods: Serum and salivary GSH and glutathione 
dependent enzymes such as GPx, GST, and GR levels were assessed in 40 healthy controls and 48 
females with breast cancer utilizing a spectrophotometer. Serum and salivary trace elements (zinc and 
selenium) were estimated by utilizing the atom absorption photometry. Results: Serum and saliva 
analysis displayed significantly diminished (P<0.0001) of GSH, GST, GR and GPx activities in breast 
cancer   patients compared to control group. The mean levels of serum and salivary trace elements 
(zinc and selenium) were significantly reduced (<0.001) in breast cancer patients as compared to 
levels of healthy controls. Conclusion: Serum and salivary antioxidant scheme (GSH, GST, GR, 
GPx, Zn and Se) were affected (reduced) in breast cancer patients and this may be deliberated as a 
proper indicator of the antioxidant status in the body. 
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1. Introduction 
Breast carcinoma is individual public malignancies in females. It is curable, if it is distinguished1. The 
exact etiology of breast cancer is still anonymous, whereas Kumaraguruparan et al., have revealed the 
action of reactive oxygen species (ROS) in the pathogenesis of carcinoma 2. ROS plays like a double 
edge sword. The slight amount of ROS are indispensable for suitable biochemical progressions, 
however unnecessary production or inefficient subtraction pointers to oxidative stress that may be the 
reason of oxidative destruction to biomolecules subsequent in lipid peroxidation, mutagenesis, and 
carcinogenesis 3. A body has urbanized an efficient way to tackle with free radicals by several cellular 
shield mechanisms concerning of enzymatic and non-enzymatic4 antioxidant shield systems of the cell 
prevent oxidant mediated breakdown to different biomolecules by deactivating free radicals 5. 
However, these antioxidants may possibly stop apoptosis in carcinogenic cells induced by oxidative 
stress6. Glutathione (GSH) and glutathione dependent enzymes [glutathione peroxidase (GPx) and 
glutathione-s-transferase (GST)] are the main determinants of cellular reply to oxidative stress7. GSH 
successfully scavenges free radicals and other ROS directly and indirectly via enzymatic metabolism8. 
Furthermore, GSH is intricate in other biological functions plus its character in maintaining body 
homeostasis and keeping cells against toxicants, DNA harmful agents and carcinomas source are 
either exogenous or endogenous 9. GSTs catalyze the conjugation of GSH to electrophilic sorts 
producing from hydrophilic sorts that are further more excreted, which act a vital part in drug 
metabolism10. GST has lately been implicated in shielding against apoptosis. GPx is a significant 
enzyme in charge for detoxification of cellular H2O2 utilizing GSH; it appears in two forms selenium 
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dependent and selenium independent. The selenium-dependent GPx detoxify H2O2 and transformed to 
lipid hydroperoxides to non-hazardous alcohols, whereas the selenium-independent enzyme is in 
authority for metabolizing lipid peroxides solitary11. Micronutrients perform a vigorous part in 
continuously occurring regenerative processes, organisation with ongoing oxidative stress in the body 
tissues, and supporting sufficient immunity against pathogens12. Trace elements are chemical 
micronutrients which are needed by a tiny concentration but show a vibrant part in keeping the 
integrity of uncountable physiological and reactive processes. The low levels of one of the trace 
elements can be apparent as a blend of numerous clinical manifestations, also every trace element is 
correlated to numerous enzyme systems. Selenium is notorious to possess immunomodulating and 
anti-proliferative characterize and can affect immune reply by varying the expression of cytokines 
through their receptors or building immune cells extra resistant to oxidative stress13. Selenium 
constituent forms are one of the domineering antioxidant protection systems of the body14. Zinc tasks 
in biology are too many. It is mandatory for the catalytic activity of many numbers of enzymes15. It 
roles a significant character in immune function, preserve adequate levels of GSH in the blood, and 
etc.16. Saliva is a complex secretion whose substances exert a well-documented part in health and 
disease and its diagnostic usage is spreading17. Besides, saliva comprises various antioxidants,18 
containing GSH and its precursors 19. Genetic and biochemical evidence has demonstrated that GSH 
and glutathione-dependent enzymes act a principal character in the cellular shielding against toxic 
environmental agents 20. 
 

2. Materials and methods 
The revision comprised of 48 cases of clinically diagnosed women with breast cancer (newly 
diagnosed /untreated/advanced stage) and 40 healthy volenteers. The mean age of the breast cancer 
patients was 62.03±12.4 years while the mean age of the control group was 61±12.1 years. The blood 
samples, after overnight fasting, were collected.  Five milliliters of blood was collected in sterile vials 
containing anticoagulant (EDTA) for the preparation of plasma. The serum was prepared by 
collecting 5 ml of the blood without anticoagulant. Serum and plasma were formed by centrifugation. 
Biochemical assessments were carried out immediately. Unstimulated saliva was claimed from the 
similar patient’s after the diagnosis, under resting situations between 10.0-11.0 AM. Patients were 
asked for saliva by spitting into a wide test tube (10 ml), and then it was centrifuged. Then 
biochemical assessments were done. Each blood sample and saliva were examined the following 
assays: serum and saliva GSH, GST, GR, and plasma with saliva GPx activity were estimated by 
utilizing the marketable Randox-Glut Red kit (Randox Laboratories, Crumlin, Antrim, UK) according 
to the procedure provided by the manufacturer using BioTek Instruments, Milan, Italy. The level of 
GSH was calculated by using the standard curve of GSH. While the trace elements levels (Zn and Se) 
were assessed in the blood (serum and plasma) samples and saliva by using 1275 A A Varian, atomic 
absorption spectrophotometer. The program of SPSS Version 15.0 was run for all statistical analyses. 
 
3. Results  
Demonstrations the results of GSH, GPx, GST and GR in blood (serum and plasma) samples of 
control and breast cancer patients are in Figure (1). The results reflect a significant decline (P<0.0001) 
in the activities of enzymes of breast cancer patients in comparison to the healthy groups, while 
Figure (2) display the mean values of salivary GSH, GPx, GST and GR levels concentrations, and 
revealed a significant diminution (P <0.0001) in breast cancer patients in comparison to  the healthy 
collections. The results presented in Figure (3) expression the mean values of serum Se and Zn in 
control and breast cancer patient groups. The results imitated a significant decrease (P<0.001) in sera 
samples of breast cancer groups in comparison to the control. Salivary Se and Zn concentration results 
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are presented in Figure (4). The results illustrate a significant decrease (P<0.001) in salivary Se and 
Zn in breast cancer patients groups in evaluation to the control groups. 
 

 
Figure (1): Mean values of blood GSH, GPx, GST, and GR  in control and breast cancer 

patients groups 
 

 
Figure (2): Mean values of salivary GSH, GPx, GST, and GR in control and breast cancer 

patients groups 
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Figure (3): Mean values of serum Se and Zn in control and breast cancer patients groups 

 
Figure (4): Mean values of salivary Se and Zn in control and breast cancer patients groups 
 
4. Discussion 
Antioxidants offer the first line of cellular safeguard against ROS, preserving the cell against the 
production of other deleterious metabolites, which play a fundamental character in human cancer 
development21. The oxidative stress is the circumstance of synthesis the reactive free radicals or the 
depletion of antioxidants in excess. GSH and GSH dependent enzymes straightly scavenge free 
radicals and shield cells from oxidative insults22. GSH deeds as both, a nucleophile and a reductant, 
therefore react with electrophilic or oxidizing species before the latter interact with more dangerous 
cellular constituents23. GSH sometimes perform as a reactant for GPx and GST during the 
detoxification of ROS24.  So GSH plays a major part in cancer avoidance25, and detoxifies 
carcinogens, also orders immune system. Richie et al have revealed declining in the levels of plasma 
GSH levels in oral sarcoma26.  Utilization of the GSH by tumor tissues or by extreme oxidation in 
circulation was the apparent reason for the lessening of GSH 27.  As in this research we establish 
reduced serum and salivary GSH significantly (P<0.0001) in breast cancer patients (Figure 1,2) due to 
the  above explanations, so it  could be due to an imbalance in the free radical and antioxidant 
homeostasis in the body fluids that occurs during carcinogenesis, which elevated level of free radicals 
leads further oxidation of GSH. GSH also acts in link with the detoxification enzymes GPx and GST. 
These enzymes safeguard cell from noxious substances28. This antioxidant function of GSH along 
with its associated enzymes could offer protection in contradiction of oxidative stress mediated 
apoptosis 29. This study displayed dropped mean serum and salivary GST activity significantly 
(P<0.0001) in breast cancer patients (Figure 1,2). Proteins of the GST family are a set of 
detoxification enzymes included in detoxifying a varied of hazardous matters, that they protect DNA 
against oxidative destruction, which possibly will cause mutations and in result favor carcinoma30, or 
it could be theorized that GST being GSH depleting enzyme utilizes GSH as a substrate. GST being 
dependent on GSH becomes inactive as soon as GSH is depleted thus rendering cancer patients 
somewhat defenseless against oxy-radicals31. In this investigation, a significant reduction (P<0.0001) 
in the serum and salivary GR activity has been observed from breast cancer patients (Figure 1,2). GR 
belongs to non-enzymatic shield system that transforms glutathione disulfide to the sulfhydryl form 
utilizing NADPH that is mandatory to deplete GSH. GR is a significant cellular antioxidant32. There is 
limited data available on serum GR levels in cancer patients. Redox state of GSH stabilized by the 
activity of depleting GPx and replenishing enzymes GR may possibly be converted by cancer 33. The 
results of our study indicated that the mean levels of plasma and salivary GPx were significantly 
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decreased (P<0.0001) in breast cancer patients (Figure 1,2). GPx is played as a powerful antioxidant 
shield system in human body having selenium as cofactor, which altering H2O2 into no harmful 
molecular (oxygen and water).  The breast cancer may perhaps alter the detoxification of H2O2 

through the declining of GPx Activity. The excess production of H2O2 may well lead into improve 
consumption of GSH 34. There were significant decreased (p<0.001) in serum and salivary for both Zn 
and Se levels in breast cancer group when compared to healthy control group (Figure 3,4). Trace 
elements such as zinc and selenium act as indispensable components of antioxidant enzymes. Se and 
Zn perform as cofactors for the accurate functioning of GSH which is mandatory to keep adequate 
amounts of GSH in the blood. Zinc shows an anti-carcinogenic part by stabilizing the configuration of 
DNA, RNA and ribosome. Zinc is similarly needed to the function of several transcription factors and 
proteins. Zinc guards cells from free-radical injury 35. Besides, it is mentioned that low levels of zinc 
can induce the pathogenesis of lung cancer36. Lesser serum Zn concentrations in patients with ovarian 
and cervical cancers have been reported 37. The reason attributed for this decline in the values could 
be because the malignant cells perhaps want more zinc38. Antioxidant enzymes GPx contain Se that 
catalyzes the reduction of H2O2 and organic hydroperoxide thus stopping from oxidative injury. Low 
levels of Se have been established to be linked with occurrence of malignant lesions of breast, ovary, 
etc.  The role of Se is complex and can be accredited by constructing immune cells more strong to 
oxidative stress. Mates et al have been established that Se works as a cancer protective agent 39.  
 
5. Conclusion 
Serum and salivary antioxidant systems in the formula of GSH and glutathione dependent enzymes 
with their cofactors are affected (reduced significantly) in breast cancer patients and may be 
considered as an appropriate indicator of antioxidant status in the body, and this proved the possibility 
of utilizing the enzyme as a potent biochemical biomarker, whereas assessment of these markers lets 
us to identify subjects with high risk of developing breast cancer. Also varying the sample collection 
from blood to saliva as a non-invasive collection, that is easier and faster assessment method.  
 
Acknowledgements 
Nanakaly Hospital (for the all staffs including physicians and assistance) assist, which let us to collect 
samples of saliva and blood only without any funding source. 
 
Conflict of Interest 
In this research, there are no conflicts. 
 
References 
[1] Dhankhar R, Adarsh C, Dahiya K, Ghalaut VS, Nara N, Khurana A, et al. Evaluation of 

ferritin and nitric oxide levels in breast cancer.  AJCS 2014; 3(1):1-6. 
ivyunion.org/index.php/ajcs/article/view/201300232  

[2] Kumaraguruparan R, Subapriya R, Kabalimoorthy J, Nagini S. Antioxidant profile in the 
circulation of patients with fibroadenoma and adenocarcinoma of the breast. Clin Biochem 
2002; 35:275-79. https://www.ncbi.nlm.nih.gov/pubmed/12135688 

[3] Ray G, Husain SA. Oxidants, antioxidants and carcinogenesis. Indian J Exp Biol 2002;40: 
1213-32. https://www.ncbi.nlm.nih.gov/pubmed/13677623 

[4] Hou MF, Lin SB, Yuan SS, Tsai SM, Wu SH, Ou-Yang F, et al. The clinical significance 
between activation of nuclear factor kappa B transcription factor and overexpression of HER-
2/neu oncoprotein in Taiwanese patients with breast cancer. Clin Chimi Acta 2003; 
334(1):137-44. https://www.ncbi.nlm.nih.gov/pubmed/12867284 



Sapporo Medical Journal 
Volume 55, Issue 06, June 2021 

 
 

[5] Zeisel SH .Antioxidants suppress apoptosis. J Nutr 2004; 134(11):3179S-
80S.https://www.ncbi.nlm.nih.gov/pubmed/15514296 

[6] Chakraborty P,  Hossain USk, Murmu N, Das JK, Pal S, Bhattacharya S. Modulation of 
cyclophosphamide –induced cellular toxicity by diphenylmethylselenocyanate in vivo, an 
enzymatic study. J Cancer Mol 2009; 4(6):183-89. 
http://citeseerx.ist.psu.edu/messages/downloadsexceeded.html  

[7] Polat MF, Taysi S, Gul M, Cikman O, Yilmaz I, Bakan E, et al.Oxidant/antioxidant status in 
blood of patients with malignant breast tumour and benign breast disease .Cell Biochem 
Funct 2002; 20: 327-31. https://www.ncbi.nlm.nih.gov/pubmed/12415567 

[8] Wu G, Fang YZ, Yang S, Lupton JR, Turner ND. Glutathione metabolism and its 
implications for health. J Nutr 2004; 134(3):489-92. 
https://www.ncbi.nlm.nih.gov/pubmed/14988435  

[9] De Flora S, Izzotti A, D'Agostini F, Balansky RM .Mechanisms of N-cetylcysteine in the 
prevention of DNA damage and cancer, with special reference to smoking-related end-points. 
Carcinogenesis 2001; 22(7):999-13. https://www.ncbi.nlm.nih.gov/pubmed/11408342 

[10] Wang ZY, Zhou J, Luo L, Huang YL, Dong PD .Predictive role of glutathione-S-transferase 
gene polymorphisms in the survival of gastric cancer cases. Asian Pac J Cancer 
Prev.2012;29(5) 13: 1182–1186. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858940/ 

[11] Jasim BT. Determination the erythrocyte glutathione peroxidase activity and serum selenium 
level in patients with breast cancer. Tikrit J Pure Sci 2011;16(2):4-8. 
https://iasj.net/iasj?func=fulltext&aId=37998 

[12] Chapple  IL, Brock  GR, Milward  MR, Ling  N, Matthews  JB. Compromised GCF total 
antioxidant capacity in periodontitis: cause or effect? J Clin Perio 2007; 34(2):103-10. 
https://www.ncbi.nlm.nih.gov/pubmed/17214737 

[13] Kuo  HW, Chen  SF, Wu  CC, Chen  DR, Lee  JH. Serum and tissue trace elements in patients 
with breast cancer in Taiwan. Biol Trace Elem Res 2002;89(1):1-11. 
https://www.ncbi.nlm.nih.gov/pubmed/12413046 

[14] Contempre  B, Dumont  JE, Ngo  B, Thilly  CH, Diplock  AT, Vanderpas J. Effect of 
selenium supplementation in hypothyroid subjects of an iodine and selenium deficient area: 
the possible danger of indiscriminate supplementation  of iodine-deficient subjects with 
selenium. J Clin Endo Met 1991;73(1):213-15. 
https://www.ncbi.nlm.nih.gov/pubmed/2045471 

[15] Sandstead  HH.  Understanding zinc: recent observations and  interpretations. J Lab Clin Med 
1994; 124(3):322-27. https://www.ncbi.nlm.nih.gov/pubmed/8083574 

[16] [16] Solomons NW. Mild human zinc deficiency produces an imbalance between cell-
mediated and humoral immunity. Nutr Rev 1998; 56(1):27-38. 
https://www.ncbi.nlm.nih.gov/pubmed/9481116 

[17] Bald  E, Glowacki  R. Analysis of saliva for glutathione and metabolically related thiols by 
liquid chromatography with ultraviolet detection. Amino Acids 2005; 28(4):431-433. 
https://www.ncbi.nlm.nih.gov/pubmed/15900404 

[18] Moore  S, Calder  KA, Miller  NJ, Rice –Evans  CA. Antioxidant activity of saliva and 
periodontal disease. Free Radic Res 1994;21(6):417-25. 
https://www.ncbi.nlm.nih.gov/pubmed/7834056 

[19] Zappacosta B, Persichilli S, Mordente A, Minucci A, Lazzaro D, Meucci E, et al. Inhibition 
of salivary enzymes by cigarette smoke and the protective role of glutathione. Hum Exp 
Toxicol 2002; 21(1):7-11. https://www.ncbi.nlm.nih.gov/pubmed/12046726 

[20] Sathishkumar  T, Shanmugam  S, Rameshkumar  S, Rajavelan G, Haridoss V. 
Characterization of Salivary Glutathione reductase in Normal  Individuals and its Implications 



Sapporo Medical Journal 
Volume 55, Issue 06, June 2021 

 
 

on Smokers. Researcher 2010; 2(4):74-81 
www.sciencepub.net/researcher/research0204/12_2666_research0204_74_81.pdf 

[21] Sener  DE, Gonenc  A, Akinci  M, Torun  M. Lipid peroxidation and total antioxidant status 
in patients with breast cancer. Cell Biochem Funct 2007; 25(4):377-82. 
https://www.ncbi.nlm.nih.gov/pubmed/16447143 

[22] Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB. Oxidative stress, inflammation, and 
cancer: how are they linked? Free Radical Bio Med 2010; 49(11):1603-16. 
https://www.ncbi.nlm.nih.gov/pubmed/20840865 

[23] Hayes JD, McLellan LI. Glutathione and glutathione-dependent enzymes represent a 
coordinately regulated defense against oxidative stress. Free Radic Res 1999; 31(4):27-00. 
https://www.ncbi.nlm.nih.gov/pubmed/10517533 

[24] Pastore  A, Federici G, Bertini  E, Piemonte  F. Analysis of glutathione: implication in redox 
and detoxification. Clin Chim Acta 2003; 333(1): 19-39. 
https://www.ncbi.nlm.nih.gov/pubmed/12809732 

[25] Locigno R, Castronovo V. Reduced glutathione system: role in cancer development, 
prevention and treatment (review). Int J Oncol 2001; 19(2):221-36.  
https://www.ncbi.nlm.nih.gov/pubmed/11445833 

[26] Richie JP, Kleinman W, Marina P, Abraham P, Wynder EL, Muscat JE. Blood iron, 
glutathione and micronutrient levels and the risk of oral cancer. Nutr Cancer. 2008;60(4):474-
82. https://www.ncbi.nlm.nih.gov/pubmed/18584481 

[27] 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(6):529-34. 
https://www.ncbi.nlm.nih.gov/pubmed/16518005 

[28] [28] Huang   J, Tan PH, Thiyagarajan J, Bay BH. Prognostic significance of glutathione S-
transferase-pi in invasive breast cancer. Mod Patho 2003; 16(6):558-65. 
https://www.ncbi.nlm.nih.gov/pubmed/12808061 

[29] Singh YP, Sachdeva  OP, Aggarwal  SK, Chugh K, Harbans L. Blood glutathione levels in 
head and neck malignancies. Indian J Clin Biochem 2008;23(3):290-292. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3453452/ 

[30] Klusek J, Głuszek S, Klusek J. GST gene polymorphisms and the risk of colorectal cancer 
development. Contemp Oncol (Pozn). 2014; 18(4): 219–21. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4171468/  

[31] Patel BP, Raval GN, Rawal RM, Patel JB, Sainger RN, Patel MM  et.al. Serum glutathione-
Stransferase and glutathione reductase activity in head and neck cancer patients. Neoplasma 
2002; 49(4):260-66. https://www.ncbi.nlm.nih.gov/pubmed/12382026 

[32] Sattler M, Verma S, Shrikhande G, Byrne CH, Pride YB, Winkler T, et al.  The BCR/ABL 
tryrosine kinase induces production of reactive oxygen species in hematopoietic cells. J Biol 
Chem 2000; 275(32):24273-78. https://www.ncbi.nlm.nih.gov/pubmed/10833515 

[33] Bakan N, Taysi S, Yilmaz O, Bakan E, Kuskay S, Uzun N, et al. Glutathione peroxidase, 
glutathione reductase, Cu-Zn superoxide dismutase activities, glutathione, nitric oxide and 
malondialdehyde concentrations in serum of patients with chronic lymphocytic leukemia. 
Clin Chim Acta 2003; 338(1-2);143-49. https://www.ncbi.nlm.nih.gov/pubmed/14637279 

[34] Yalcin O, Karata F, Erula FA, Ozdemir E.  The levels of glutathione peroxidase, vitamin A, 
E, C and lipid peroxidation in patients with transitional cell carcinoma of the bladder. BJU Int 
2004; 93:863-66. https://www.ncbi.nlm.nih.gov/pubmed/15050006 

[35] Wu T, Sempos CT, Freudenheim  JL, Muti P, Smit E. Serum iron, copper and zinc 
concentrations and risk of cancer mortality in US adults. Ann Epidemiol 2004; 14(3):195-01. 
https://www.ncbi.nlm.nih.gov/pubmed/15036223 



Sapporo Medical Journal 
Volume 55, Issue 06, June 2021 

 
 

[36] Cobanoglu U, Demir H, Sayır F, Duran M, Mergan D. Some mineral, trace element and 
heavy metal concentrations in lung cancer. Asian Pac J Cancer Prev 2010; 11(5):1383-88. 
https://www.ncbi.nlm.nih.gov/pubmed/21198297 

[37] Yaman M, Kaya G, Simsek M. Comparison of trace elements concentrations in cancerous and 
noncancerous human endometrial and ovary tissues. Int J Gynecol Cancer 2007; 17(1):220-
28.https://www.ncbi.nlm.nih.gov/pubmed/17291257  

[38] Balpande AR, Sathawane RS. Estimation and comparative evaluation of serum iron, copper, 
zinc and copper/zinc ratio in oral leukoplakia, oral submucous fibrosis and squamous cell 
carcinoma. JIAOMR 2010; 22(2):73-76. 
http://www.jaypeejournals.com/eJournals/ShowText.aspx?ID=607&Type=FREE&TYP=TOP
&IN=_eJournals/images/JPLOGO.gif&IID=58&isPDF=YES 

[39] Mates JM, Segura JA, Alonso FJ, Marquez J. Oxidative stress in apoptosis and cancer: an 
update. Arch Toxicol  2012; 86(11):1649-65. 
https://www.ncbi.nlm.nih.gov/pubmed/22811024 
 
[1] This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 


