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ABSTRACT

Breast cancer, the third most common cancer worldwide,
accounts for the highest morbidity and mortality. Oxidative stress has
been implicated in playing a crucial role in the pathogeneses of a
number of diseases, including breast cancer. Oxidative stress occurs
due to an imbalance in prooxidant and antioxidant fevels. The aim of
this study is to investigate oxidant/antioxidant status in pre and
postoperative breast cencer patients. The level of malondialdehyde
(MDA), as an index of lipid peroxidation, was measured. Also, the
activities of superoxide dismutase (SOD), glutathione peroxidase (GPx)
and catalase (CAT) enzymes, as well as the level of reduced
glutathione (GSH)} were measured in groups of preoperative breast
cancer patients {n=40), postoperative (n=40) and heaithy female
controls {n=35). The level of MDA was significantly higher in both two
groups of breast cancer patients as compared with healthy controls (p <
0.05). Similarly, the activities of antipxidant enzymes SOD and GPx
were significantly increased in both preoperative and postoperative
patients groups as compared with healthy controls (p < 0.0%).
However, the level of GSH and CAT activity were found significantly
decreased in both two groups of breast cancer patients as compared
with their cantrol subjects (p < 0.05). There was no significant
difference between preoperative and postoperative patients. In
Caonclusions, a poor antioxidant status and high oxidative stress are
associated with breast cancer risk. There is no difference in the
oxidant/antioxidant status in pre and postoperative breast cancer
patients. Prospective studies in a larger population should be carried out
to demonstrate our present findings.

Key Words: Breast cancer; preoperative; postoperative; oxidative stress; Lipid
peroxidation; antioxidants; catalase enzyme {CAT) ; malondialdehyde (MDA); reduced
glutathione (GSH); superoxide dismutase enzyme (SOD); glutathione peroxidase
enzyme (G} .
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INTRODUCTION

During last two decades, a considerable attention has been focused on the
involvemnent of free radicals in various diseases. Reactive axygen species (ROS) such as
superoxide anion radical (Q,), hydroxyl (OH), and hydrogen peroxide (Hy0;) are
produced in aerobic metabolism and highly reactive and toxic [(Aebi H , ef al (1984) ,
Aymelek G , ef al (2006)}. Exposure to free radiczls from a variety of sources has led
organisms to develop a series of defence mechanisms including antioxidant defences
jAebi H , er al (1984) ]. Antioxidant is a substance that protects the biological tissue
from damage due to free radicals, and can be recycled or regenerated by biological
reducers [Aymelek G , ef gl (2006)]. The system includes numerous enzyme and non-
enzyme Iype of antiaxidant groups that are located in the celi and in the exteacetlular
fluid [Aymelek G , ef al (2006)]. Antioxidant system is an integrated defense network
with many different mechanisms for protection and repair caused by oxidative damage
[Aebi H, ef af (1984) , Aymelek G, ef gl (2006) , Aymelek G , er al (2006) , Beuge
JA, er al (1978)]. Enzymes have the key role in this defense from oxidative stress.
Enzymatic antioxidant defences include superoxide dismutase (SOD), giutathione
peroxidase (GPx), catalase (CAT) and glutathione reductase (GRs). Superoxide
dismutase (SOD) catalyses the dismutation of the superoxide anion inio H;(Q; [Beupe
JA, et al (1978) , Das UN, , ef al (1959)]. However, catalage and glutathione peroxidase
{GPx) metabolize H;0, into water and molecular oxygen, while oxidizing glutathione
which is further reduced back to iis reduced state by glutathione reductase in presence
of NADPH [Ellman GL., ef al (1959) , Gago-Dominguez M , ef al (2007) , Gonenc A
, ef al (2006)]. However, non-enzymstic antioxidanis are represented by reduced
glutathione (GSH), Vitamin C, Vitamin E, carotenoids, flavonoids, and other
antioxidants [Das UN. , e o/ (1959)]. Under normal conditions, there is a balance
hetween both the aciivities and the intracellular levels of these antioxidants. This
balance is essential for the survival of organisms and their health [Aymelek G , ef al
(2006), Ellman GL., e af (1959)],

Mzlondialdehyde (MDA), a natural product of lipid peroxidation and
prostaglandin biosynthesis, is known to induce carcinogenesis [Aebi H , er af (1984),
Aymelek G , ef af (2006)]. Plasma MDA levels have been studied as an indicator of
lipid peroxidation in humans and animals.

Changes in levels of GSH and the activities of antioxidant enzymes in pre and
posioperative breasi cancer patients retmain need to know, must indeed 10 known. To
address this issue, we measured the levels of MDXA, GSH, 50D, GPx and CAT in series
of breast cancer patients and examined the effect of tumor removal on their preoperative
levels,
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MATERIALS AND METHODS
Subiects:

The present study has been based on eighty female breast cancer patients admitted to
new oncology hospital, Azerbaijan Medical University; from December 2007 to May
2009, classified into two groups and thirty five healthy volunteers. In the first group,
forty preoperative breast cancer pafients are ranging in age from 31 to 65 years with the
mean age of 48.6+7.2 years. In the second group, forly postoperative breast cancer
patients, three weeks after mastectomy are ranging in age from 38 to 69 years with the
mean age of 49.9+8.1 years. The 35 healthy volunteers (age- and sex-matched), serving
as the control subjects, are ranging in age from 28 to 69 years with the mean age of
48.349.2 years. The patienis and contro]l subjects were non-smokers and they used no
hormones or oral contraceptives, the classified due to the menopausal status and clinical
stage disease Table {1).

Sample collection and preparstion: Fasting blood samples atter a 12 hours fast period
were collected from the patients and the controls into tubes without additive and
aliowed to coagulate for 30 min and serum was obtained by cenirifugation at {1500 x g)
for 15 min at room temperature, and stored at ~20°C.

Measurements of MDA: MDA was determined by the thiobarbituric acid (TBA)
method [Gago-Dominguez M , ef af (2007)]. MDA is formed as an end product of lipid
peroxidation which reacts with TBA reagent under acidic conditions to generate a pink-
colored product. Values of MDA are assigned in (pmol/mi).

Measurement of GGSH: GSH was determined by the method of Ellman [Gonenc A , ef
al (2006)] based on the development of a yellow color when $5,5-dithjobis (2-
nitrobenzoic acid) (DTNB) is added to compounds containing sulthydryl groups. Values
of GSH are assigned in (pmol/ml).

Measurements_of SOD and GFx acavitigs; The SOD and GPx activities were

determined by using a commercia! Ransod kit (Randox Laboratories, UK). Values of
S0D and GPx are assigned in (U/g Hb) [Gonenc A , et af (2006), Jose E , ef af (2006)].

Measuremeni of CAT activity: CAT activity was assayed by monitoring the rate of
H;0, decomposition spectrophotometrically at 240 nm foilowing the procedure of Aebi

[Khanzode 88, ¢f af (2004)]. Values of CAT are assigned in (U/g Hb).
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Table(l) : General characteristics of healthy conirols and the breast cancer patients
Variables Controls Preoperative Postoperative

2.Age inyears T 486472
{meanz8D) 5
3.Age at menarche i 12-13 12-18 12-15

T: Tumour size; Ty <2cm; T, €24 cm; Ty > 4cm

N: Noda! mefastasis; Np = No regional lymph node metastasis; W, -Metastasis in a
single ipsilateral node of | 3cm diameter; N> -Metastasis in a  single ipsilateral node of
# 3cm dismeter

M: Distant metastasis; M, = No distant metastasis

Statistical Analvsis: Statistical analysis was determined using STATGRAPHICS plus
5.1 statistical package software (STATPOINT TECHNOLOGIES, INC., United
States) and Microsoft Excel. The experimental data were expressed as meantstandard
deviation (SD). A P value of p < 0.05 was considered significant.
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RESULTS

The results of the plasma levels of MDA as an index of lipid peroxidation of
healthy control (n=35) and 80 patriots with breast cancer are collected in table (2) .

Table (2) : Plasma levels of MIJA 1 mol/ml in the examined biood samples in pre and
postoperative breast cancer patients and healthy controls

Parameter Controls Preoperative postoperative
(n =35) {n =40) {n =40)

Values are expressed as meanSD,
® P <(.05; as compared with control, T P >0.05; as compared with
Preoperative

The results itlustrated that the levels of Plasma MDA were found significantly
higher in both two investigated groups of the breast cancer patients compared with their
corresponding control (p <0.05), While, There was decrease in the levels of Plasma
MDA in postoperative than their preoperative level but not reached statistically
significant {p >0.05).

The Plasma MDA level for preoperative group is 18.69+1.87 p mol/ml
vs 8.06+2.33 p mol/ml for the control, with increasing percentage by 131.89 %; e.g.
2.13 fold (p <0.05) and for postoperative _coup is 16.01£1.22 p mol/ml
vs 8.06£2.33 p mol/m! for the contro! with increasing percentage by38.34 %; e.g. 1.98
fold (p <0.05), see fig. (1) .



Moeokarmed A. Ei-Hefry, 50

Fig. 1: Plasma levels of MDA of pre and postoperative
breast cancer patients and healthy controls
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Fig. (1) : Levels of plasma MDA p mol/m! in the blood samples for controls and breast
cancer patients. Values are expressed as mean+SD.

A summary of descriptive statistics for the results of the levels of GSH as a
nonenzymatic antioxidant are collected in tabie (3).
Tabie (3) : Levels of GSH u mol/m! in the examined blood samples in pre and
postoperative breast cancer patients and healthy controls

Parameter Caontrols Preoperative postoperative
(n =35)
FEGSH om0
‘ _Minil;mm

*Yalues are expressed as mean+SD,
* P <{.05; as compared with controls, T I >0.05; as compared with
preoperative

The results iflustrated that the plasma levels of reduced giutathione (GSH)
were found significantly lower in both two investigated groups of the breast cancer
patients as compared with their corresponding contro! (p <0.05). However, there was no
significant difference between the plasma levels of reduced glytathione (GSH) in
postoperative patients groups than their preoperative patients group (p >0.05).
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The plasma levels of reduced ghutathione (GSH) in breast cancer patients
groups as eompared with their corresponding contrels for preoperative group is
1.2540.19 ymol/m! vs 1.89+0.12 pmol/ml with decreasing percentage by 31.75 %; e.g. -
032 fold (p <0.05) and for postoperative group is 1.4440.21 pmolml vs 1.8920.12
pmol/ml reduced with decreasing percentage hy 23.81 %; e.g.-0.24 fold (p <0.05). The
plasma levels of reduced glutathione (GSH) in postoperative patients group as
campared with the preoperative group is 1.4440.21 pmel/ml vs 1.29+0.19 pmol/m! with
increasing percentage by 11.63 %;e.g. 1.12 fold (p >0.05), see g, (2).

Fig. 2: Plasna levels of GSH of pre and postoperative
breast cancer patieats and bealthy controls
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Fig. (2) : Plasma levels of GSH pmol/ml for pre and postoperative breast cancer
patients and healthy controls. Values are expressed as mean+SD.

A summary of descriptive statistics for the results of the activities of SOD,
GPx and CAT as an enzymatic antioxidant are collected in table{d).

The results iflustrated that the emzyme activities of superoxide dismurase
(S50D) and glutathione peroxidase (GPx) were found significantly higher in both two
investigated groups of the breast cancer patients as compared with their corresponding
conirols (p <0.05). However, the activity of catalase (CAT) was found significantly
Iower in both two investigated groups of the breast cancer patients as compared with the
coresponding control (p <0.03).
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Table (4) : 3OD, GPx and CAT activities of heajthy controis, pre and postoperative
breast cancer patients *

Parameter Controls Preoperative } postoperative ]
(n =35) (n =41) (n =40)

*Values are expressed as mean£5D,
* P <0.05; as compared with controls, T P >0.05; as compared with
Preaperative

Furthermore, there were decreases in both activities of SOD and GPx
postoperative groups and increases in the activities of CAT than their preoperative
activities but not reached statistically significant so there were no significant difference
between the activities of SOD, GPx and CAT among both investigated groups (p
>0.05).

The activity of SOD for breast cancer patients as compared with the

corresponding control for preoperative group is 1195+166u/ghh vs §06+£129 w/ghb with
increasing percentape by 48.26 %e.g. 1.48 fold (p <0.05) and for postaperative group is
908+127 p/ghb vs 806129 p/ghb with increasing percentage by 23.82 %; e.g. 1.24 fold
(p <0.05).
P The activity of GPx for precperative group compared with the corresponding
control is 65.78+9.36 p/ghb vs 46.8+10.00 p/ghb with increasing percentage by 4,75
“eg. 141 fold (p <0.05) and for postoperative group compared with their
corresponding confrals is 62.69+8.63 vs 46.8+10.00 with increasing percentage 33.95
24; 1.34 fold {p <0.05.

The actjvity of catalase (CAT) in breast cancer patients groups as compared
with their corresponding control for preoperative group is 49.16+8.41 p/ghb
vs 72.9849.26 p/ghb with decreasing percentage by 34.64 %; e.g. -0.35 fold {p <0.05)
and for postoperative group is 51.64+9.81 p/ghb vs 72.98+9.26 p/ghb with decreasing
percentage by 29.24 %; e.g.-0.29 fold {p <0.05), see fig (3-5).
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Fig. 3: Activities ol SOD of pra and postoperntive
breast cpncer patenty and heafthy congols
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Fig. 4: Acrivitey of GPx of pre and posoperaive
breast cancer potlents and healthy controly
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Fig. 5: activities of CAT of pre and posteperative hreast concer patias
and Igggaghy controls
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Fig. (3-5) : The activities of antioxidant enzymes (/ghb of SOD (3), GPx{4) and CAT
(5)or pre and postoperative breast cancer patients and healthy control,
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DISCUSSION

Incrensed oxidative stress and lipid peroxidetion are implicated in carcinogenic
processes. The magnitude of this damage (calied oxidative stress) depends not only on
ROS levels bui also on the body's defense mechanisms against them which are
mediated by various cellular antioxidants [Aebi H , of af (1984) , Aymelek G , ef gf
(2006)].

The natural antioxidant system consists of a series of antioxidant enzymes and
numerous endogenous and dietary antioxidant compounds that react with and inactivate
ROS. The primary antioxidant enzymes include, but are not limited to, superoxide
dismutases (SOD), catajase (CAT) and gluathione peroxidase (GPX). Meanwhile, the
nonenzymatic antioxidants include reduced giutathione (GSH). Cells must maintain
their levels of antioxidangs, ofien defined as their antioxidant potential, through dietary
intake and/or de novo synthesis [Aymelek G , ef al (2006)].

ROS have been found fo modulate signaling evenis in the cell and play a
functionat rele in the pathogenesis of malignancy, including breast cancer {Beuge JA, er
af (1978) , Das UN. , er al (1959) , Eilman GL., et af (1959)]. Damage to the mammary
epithelium by ROS can lead to fibroblast proliferation, epithelial hyperplasia, cellufar
atypia, and brenst cancer [Kumaraguraparan R , e/ af (2002)]. In particular,
peroxidation of lipids induced by ROS generates products such as MDA that can react
with DNA and leads to mutations in proto-oncogenes and tumor-suppressor genes and
eventually ransformation of normal epitheiium to a malignant phenotype [Beuge JA, er
af (1978) , Elman GL., ef af (1959} , Nazarewicz RR , ef af (2007)].

Many studies have examined the possibility of a connection between lipid
peroxidaticn and cancer [Obrador E, er af (1997) , Paglia D, ef af (1967)}. Higher
plasma MDA levels have been reported in cancer patients than those in the controls
[Paglia D , er af (1967) , Partakal O, er af (2000)]. However, lower plasma MDA has
aiso been reported in the breast cancer group coinpared with controls [Rajneesh C P, ¢t
al (2008)]. In the present study, our results are in agreement with most of the earlier
studies which suggested that there was a possibility of the accumulation of ROS which
might result in significantly higher lipid peroxidation cellular and molecular levels
[Paglia D , er af (1967) , Portakal Q, er af (2000) , Rajneesh C P, et af (2008)]. In
addition, the increase in iipid peroxidation observed in both pre- and postoperative
groups was accompanied by enhanced antioxidant status,

Antioxidant enzymes such as SOD, CAT and GPx are the first line of defense
against ROS and to the oxidant assnult on cells. The increased activity of these enzymes
is consistent with reports of antioxidant enzyme overexpression in tumors [Nazarewicz
RR , er af (2007), Ripple MO, ef af (1997) , Sun Y , ef al (1998)]. Although GPx
shares the substrate H;0, with CAT and both are able to destroy H,O,; GPx alone can
react effectively with lipid and other organic hydroperoxides [Aymelek G , ef & (2006)
, Paglia D , ef af (1967)], and has a much higher affinity for HyO, than does CAT
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[Tabassum H , ef af (2001)] suggesting that H;O; is mainly degraded by GPx under
normal conditions.

The significant increase in SQD activity indicates the formation of more
superoxide radicals and their removal as $OD metabolizes superoxide radicals [Tas F,
et al (2005)]. However, the significant decrease in CAT activity indicates the
decomposition of H,0; {forming H;O and O,) [Tiwari AK., ef al {2004)]. Antioxidant
depletion in circulation may be due to increased scavenging of lipid peroxides as well as
sequestration by tumer cells. Reduced glutathione is a physiologically important
nonproteinthiol with multiple functions ranging from antioxidant defense to moduiation
of cell profiferation. In particular, intracellular GSH maintains the reduced status of
thioredoxin that activates ribonucleotide reductase, a key enzyme essential for DNA
synthesis. A positive correlation has been observed between enhianced synthesis of GSH
and high rates of cell proliferation in tumors [Kumaraguruparan R , ef af (2002) , Tas
F, et af (2008)]. GSH in conjunction with GPx protects cells against 4 wide variety of
xenobiotics, including ROS and other toxic compounds [Periakal O, ef af (2000),
Tiwari AK., ef af (2004)]. In addition, the obscrved decrease in the non-enzymatic
antioxidant GSH was in line with several published reports [, 31 and diseases inciuding
maliznannanus|[Li JJ , er al (1998}, ¥aca CE , ef al (1988)].

Our data showed that there were significant increases in SOD and GPx
activities and significant decreases in GSH levels and CAT activity in hoth pre- and
pastoperative breast cancer patients than those of the controls, which might be due to
the free radica! scavenging activity. In addition, these significant increases in the
circulating enzymatic antioxidants 50D and GPx were in line with a number of
publishied reports [Aymelek G, er af (2006) , Beuge JA, ef al (1979) , Tiwari AK., ef
al (2004) , Vaca CE , ef af (1988) Yeh CC , ef al (2005)]. However, contrary {0 our
findings, decreased levels of SOD and GFx have also been reported [Zieba M , er af
(2001)] . Our data alsc showed that, there was no difference in the oxidant‘antioxidant
status between pre- and postoperative breast cancer patients,

CONCLUSIONS:

Breast cancer complication is related to increase of lipid peraxidation in serum
with concomitant decrease of antioxidant defense capacity. In addition, there is no
difference in oxidantantioxidant status between pre- and postoperative patients.
Prospective studies in a larger population should be carried out to demonsirate our
present findings. -
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