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A B S T R A C T   

Cervical cancer is the second most common cause of cancer-related death among women worldwide, especially 
in developing countries. Oxidative stress has been associated with cervical cancer. Many studies demonstrated 
that the low level of antioxidants induces the production of free radicals that cause lipid peroxidation, DNA, and 
protein damage leading to mutations that favors malignant transformation. This is a case-control institutional 
study conducted to evaluate the level of oxidative stress in cervical cancer patients and the age-matched healthy 
controls. We measured level of TBARS expressed as MDA, activity of SOD and GSH level by the spectrophoto
metric method, and level of 8-OHdG was estimated using a competitive sandwich ELISA assay. Our results 
showed a significant increase in the level of lipid peroxidation in group IV when compared to the control, group 
II and group III (p < 0.001). The activity of SOD was also significantly higher in group IV when compared to the 
control group (p < 0.001), group II (p < 0.001), and group III (p < 0.001). The level of GSH was also significantly 
lower in group IV when compared to the control group (p < 0.01), group II (p < 0.01), and group III (p < 0.01). 
The level of 8-OHdG was significantly higher in group IV than in the other groups (p < 0.01). The results suggest 
that oxidative stress is involved in the pathogenesis of cervical cancer, which is demonstrated by an increased 
level of lipid peroxidation and higher levels of 8-OHdG and an altered antioxidant defense system.   

1. Introduction 

Cervical cancer is one of the most common causes of female malig
nancy, representing a major global health challenge. In 2018, an esti
mated 569,847 new cases of cervical cancer were diagnosed, and 
311,365 deaths occurred worldwide due to cervical malignancy [1]. 
According to the National Institute of Cancer Prevention and Research 
(NICPR) India, Cervical Cancer is the second most common 
cancer-causing death in women in the country. In India, around 96,922 
women are newly diagnosed, and 60,078 women die of cervical cancer 
every year as per GLOBOCAN 2018 [1]. Considering the current inci
dence rates, the annual load of new cases is expected to increase to 225, 
000 by 2025 in India [2,3]. Almost all cervical cancers are caused by 
high-risk subtypes of the human papillomavirus (HPV), and HPV 
screening and vaccination programs are effective strategies in disease 
prevention [4]. HPV causes cervical cancer by damaging DNA, but 
recent data revealed that oxidative stress plays a role in its development 
[5]. Chemoradiation is known to improve the survival of patients with 
cervical cancer. Oxidative stress is an imbalance between the 

prooxidant-antioxidant system. A decrease in the level of antioxidants 
generated free radicals, which leads to DNA damage, causing dysfunc
tion and disease [6]. It is caused by a disturbed oxidant-antioxidant 
balance in favor of oxidants, leading to excessive generation of free 
radicals, particularly reactive oxygen species (ROS), and biological 
damages. Superoxide anion (O2•− ), hydrogen peroxide (H2O2), and 
hydroxyl radical (• OH) are kinds of ROS that are produced by partial 
reduction of atmospheric O2 [7]. 

Malondialdehyde (MDA) is one of the most common markers of 
oxidative stress and is an oxidant-antioxidant adduct in cancer patients. 
Lipid peroxidation is initiated by the reactive oxygen species (ROS), 
which is produced from different processes leading to the production of 
excessive MDA, which in turn changes the normal cell functioning and 
causes cancer [8]. The high level of MDA concentration can be ascribed 
to a higher production of ROS due to a rise in the oxidative damage in 
patients of uterine cancer. In the progression of disease, the production 
oxygen radical also increases, which in turn increases lipid peroxidation. 
This process results in the damage or degeneration of cell membrane and 
DNA [9]. The increase in free radical generation leads to excessive lipid 
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peroxidation, indicated by a rise in serum MDA. Free radicals may cause 
evident changes to cell membrane function and the structural organi
zation of DNA, thereby leading to mutations. Therefore, it can be stated 
that the product of lipid peroxidation could be one of the possible causes 
of cancer progression [9,10]. 

In almost all cancers, the high level of ROS has been detected, 
making it one of the best-characterized phenotype in cancer. The level of 
oxidative stress can be assessed by the highly unstable metabolites like 
8-hydroxy 2-deoxyguanosine (8-OHdG). It is one of the most abundant 
oxidatively modified lesions in DNA, and it represents a marker of 
oxidative stress. 8-OHdG is a product of oxidative damage to 2′-deoxy
guanosine. Among the bases, guanine is the most susceptible DNA 
target, which can be mispaired with adenine. Therefore, in the next 
replication adenine will pair with thymine causing G:C- > T:A trans
version. 8-OHdG may be induced by hydroxyl radical or singlet oxygen 
[11]. 

Glutathione (GSH) is considered to be one of the leading detox 
agents. It is known that the amount of GSH in the cell influences the 
sensitivity of cells to anticancer treatment and toxicity (a decrease in 
GSH level increases drug toxicity). Therefore, the determination of the 
GSH level is crucial to foresee whether the cancerous cells will be sen
sitive to the effect of the drug, or if the effect of the drug toward normal 
cells will be innocuous. It is defined that, in comparison with a partial 
response, patients who have cervical cancer have a significantly 
decreased level of GSH in the blood and tumor, given a complete 
response to the treatment [12,13]. 

Our study aimed to assess the activity of SOD and level of non- 
enzymatic antioxidant GSH included in the antioxidant defense of the 
subjects and to determine the level of lipid peroxidation in the patients’ 
serum, as well as the level of 8-OHdG in women with different stages of 
cervical cancer and healthy women. There are limited studies that have 
established any correlations between damage caused by free radicals 
and different FIGO (International Federation of Obstetrics and Gyne
cology) staging system of cervical cancer patients. Therefore, the present 
study was designed to evaluate the possible involvement of oxidative 
stress during the progression of cervical carcinoma in different FIGO 
stages. 

2. Materials and methods 

2.1. Ethical statement 

Ethical clearance was obtained from the institutional ethical com
mittee of our institution before starting the study (reference no: ECR/ 
Bhu/Inst/UP/2013/Re-registration-2017 dt.January 31, 2017). Writ
ten informed consent from all the patients and healthy individuals are 
obtained. 

2.2. Subjects 

The study was conducted between May 2017 and Sept 2019.100 
patients with histopathologically proven carcinoma cervix who visited 
the Department of Obs. & Gynae, Sir Sunderlaal Hospital, Banaras Hindu 
University were recruited for the study. Clinical staging of hundred 
patients was done by gynaecologist and these are recruited into four 
groups as per cervical cancer FIGO stages I, II, III & IV. Subjects with age- 
matched healthy women (n = 28) visiting the hospital for a routine 
health check-up, hospital staffs, and lab members willing to participate 
in the study were taken as healthy controls. Informed consent was taken 
from each subject and control purely for research purposes. 

Inclusion criteria for the control group were: patients of age-group 
25–45 and histopathologically proved and clinically diagnosed pa
tients of cervical cancer were included for the study. Exclusion criteria 
were: patients with any other genital malignancy, other causes of 
vaginal bleeding, and patients with a history of radiotherapy or 
chemotherapy were excluded from the study. 

2.3. Sample collection and processing 

Approximately 5 mL of blood was obtained through venipuncture 
under aseptic condition in a clean, plain, red topped dry vial. Blood was 
kept for 10 min before centrifugation. Serum was separated from the 
blood through centrifugation at 3000 RPM for 10 min and stored in an 
eliquote at − 20 ◦C until required for analysis. In both groups, MDA, 
SOD, and GSH were measured using a modified spectrophotometric 
method; 8-OHdG was estimated using a competitive sandwich ELISA 
assay. Besides, these parameters were estimated in patients with cervical 
cancer before chemoradiation. 

2.4. Laboratory analysis 

All the chemicals used in this study were of analytical grade and 
purchased from SRL Mumbai and Human ELISA kit for 8-OHdG was 
purchased from QAYYEE-BIO (LoT: 04/2018, QY-E05181). 

Lipid peroxidation was estimated by the formation of Thiobarbituric 
acid reactive substances (TBARS) described by Satoh K, 1978 [14]. The 
samples were deproteinized with 15% TCA (Trichloroacetic acid) and 
then treated with 0.375% TBA (Thiobarbituric Acid). The mixture was 
heated in a boiling water bath for 15 min. It was then cooled to room 
temperature and centrifuged at 3500 rpm for 10 min, and formed TBARS 
was measured at 535 nm. Total thiobarbituric acid-reactive materials 
(TBARS) was expressed as MDA. The value is expressed as nmol/ml. 

8-OHdG was performed using human 8-OHdG competitive sandwich 
ELISA Kit (LoT: 04/2018, QY-E05181), which is based on the antigen- 
antibody reaction in samples. Standard, test samples, and HRP (Horse 
Radish Peroxidase) labeled 8-OHdG antibody (Ab) was added to enzyme 
wells, which is pre-coated with 8-OHdG Ab, then incubation was carried 
out, and uncombined enzymes were removed after washing. Upon the 
addition of Chromogen solutions A and B, the color of the liquid was 
changed into blue, and the reaction with the acid caused the color to 
become yellow. The intensity of color and concentration of 8-OHdG 
samples were positively correlated. The final values were expressed in 
ng/ml. 

The test of GSH was based on development of a yellow color when 
5′5′ dithiobis (2- nitrobenzoic acid) was added to sulphhydryl com
pounds. The color thus developed was fairly stable for about 10 min and 
the reaction was read at 412 nm. Two tenth of whole blood was added to 
1.8 ml distilled water. 3 ml of the precipitating solution was mixed with 
the hemolysate. The mixed was allowed to stand for approx. 5 min and 
the filtered. 2 ml of the filtrate was added to 8 ml of phosphate solution 
in a testtube. 1 ml of DTNB solution was added. A blank was prepared 
with 8 ml of the phosphate solution, 2 ml of diluted precipitating solu
tion and 1 ml of the DTNB reagent. Absorbance was taken within 30 s at 
412 nm. The value is expressed in nM/L. (Ellman’s method. 1959) [15]. 

SOD assay by the pyrogallol autoxidation method was carried out 
following the procedure of Marklund and Marklund (1974). The reac
tion was initiated by the addition of 100 μl of freshly prepared 2⋅6 mM 
pyrogallol solution in 10 mM HCl to attain a final concentration of py
rogallol of 0⋅13 mM in the assay mixture. 

2.5. Statistical analysis 

Statistical analysis was performed using the SPSS IBM Statistics 
software version 23.0. The statistical analysis included the parametric 
method: Student’s t-test, analysis of variance, and Pearson’s correlation. 
Since the variables are normally distributed, the comparison between 
groups was performed by analysis of variance. Comparisons of the 
control group with the patients were done using students t-test. Pear
son’s correlation was done to observe the correlation of 8-OHdG with 
GSH and MDA with GSH. Two-tailed p-values less than 0.05 were 
considered statistically significant and p-values less than 0.0001 were 
considered to be highly significant. All the results were expressed in 
Mean ± SD. 
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3. Results 

Mean age of control and four FIGO groups included in the study were 
expressed in Table 1. Data obtained in this study demonstrated moderate 
elevation in the level of MDA in FIGO II and FIGO III as compared to 
FIGO I and FIGO II. This result follows the extent of the severity of the 
stages. Statistically, significant differences are between the control 
group and FIGO IV (p < 0.001) as well as between FIGO II & FIGO IV (p 
< 0.001) (Fig. 1). We observed statistically significant differences in the 
level of 8-OHdG between the control group and group IV (FIGO IV) (p <
0.01) but no significant differences between FIGO II and FIGO III 
(Fig. 2). 

We observed a statistically significant decrease in the level of non- 
enzymatic antioxidant GSH (p < 0.001) in patients with cervical can
cer compared to healthy subjects. (Table 2) (Fig. 3). Tumor progression 
is followed by an increase in SOD activity resulting in significant dif
ferences when FIGO IV is compared with the other three groups and with 
the control group (p < 0.001) (Fig. 4). Pearson’s rank correlation Fig. 5 
showed that serum GSH was significantly and negatively correlated with 
8-OHdG (p < 0.001). Significant negative correlations was observed 
between GSH and MDA (p < 0.001) in Fig. 6. 

4. Discussion 

Free radicals are involved in most of the cell process regulation 
especially active form of these free radicals tends to indicate oxidative 
stress in a cell. The antioxidative system prevents the organism from the 
damage caused by oxidative stress. Imbalance between oxidants- 
anitioxidant system have been investigated in many cancers including 
cervical cancer. But there is a lack of data that shows how oxidative 
stress is important in prognosis and predictive aspect of the disease. 

The predominant factors in the etiopathogenesis of cervical cancer 
are chronic inflammation due to cervical trauma, bacteria, and viruses, 
especially human papillomavirus (HPV). Chronic inflammation results 
in the activation of the monocyte/macrophage system, which produces 
high levels of ROS. It is well demonstrated that excess production of free 
radicals can cause oxidative damage to the cells. The generation of ROS 
also causes genetic damage to the cervical epithelium, leading to 
transformation into malignant cells and initiation of cervical cancer. 
Furthermore, promotion and progression of these transformed cells are 
also related to the oxidant/antioxidant milieu in humans. Therefore, 
HPV infection may induce oxidative stress in cervical cancer [16]. 

Malondialdehyde, an end product of lipid peroxidation, is highly 
cytotoxic, acts as a tumor promoter. The level of MDA in cervical cancer 
patients is significantly increased. There is a significant rise in the serum 
MDA concentration in patients with cervical cancer [17]. Moreover, 
previous studies also demonstrated that MDA levels in the blood of 
different types of cancer patients were significantly higher when it was 
compared with healthy controls [18–20]. Similarly the result of this 
study showed that level of lipid peroxidation was significantly higher in 
serum of the FIGO stages of all the four groups as compared to the 
healthy control group. Similar trend was observed in plasma MDA in 
patients with cervical intraepithelial neoplasia (CIN) [21]. Therefore, 
oxidative stress is considered to be a predominant factor even in the 
initial stage of carcinogenesis. We consider oxidative injury as a prom
inent factor even in the early steps of carcinogenesis. This stress 

increases manifold in malignant cells since the cancer cells themselves 
produce oxidants, deplete antioxidants thus setting up a vicious cycle. 
This becomes more pronounced in advanced stages due to the increased 
tumor burden. Therefore, this study supports the hypothesis that the 
disturbance in the oxidant-antioxidant level leads to lipid oxidative 
damage, that provides a mechanistic basis for initiation and progression 
of cancer. 

Glutathione peroxidase (GPx) catalyzed the conversion of gluta
thione (GSH) to glutathione disulphide (GSSH) while its reduction is 
catalyzed by glutathione reductase from GSSH to GSH [22,23]. They act 
as secondary antioxidants and protects the cell from many cytotoxic and 
carcinogenic agents by scavenging reactive oxygen species. A high GSH 
level is needed to restore the sufficient concentration of antioxidants and 
to stimulate the scavenger enzymes indispensable to counteract the 
damaging actions of free radicals [26]. Mukund et al. demonstrated the 
level of glutathione in patients with cervical cancer and a control 
healthy women. The results showed that the level of GSH in patients 
with cervical cancer were significantly lower than the healthy control 
women [27]. We also observed a significant decline in GSH level in 
patients of cervical cancer when compared to healthy control group 
which could be considered as an adaptive response to oxidative stress. 

SOD is one of the primary antioxidant enzyme which is widely 
distributed in all the cells but present in higher amount in red blood 
cells. SOD protects the cell against lipid peroxidation and catalyzes the 
dismutation of superoxide anions into oxygen and hydrogen peroxide. 
SOD enhanced its activity compensatively when there is increased 
production of superoxide anions. Inflammation in the cervix increases 
the production of SOD which in turn increases intracellular hydrogen 

Table 1 
Characteristics of patients and controls included in the study. Age (Mean ± SD).  

Characteristics of subjects Number of subjects Mean Age± SD 

FIGO I 21 37.66 ± 5.83 
FIGO II 25 37.88 ± 4.56 
FIGO III 26 38.03 ± 4.97 
FIGO IV 28 37.96 ± 5.39 
Control 28 34.46 ± 5.82  

Fig. 1. Bar diagram showing level of MDA (nmol/ml) in four patients group of 
FIGO I, II, III, IV stage and healthy control group with significant p-value (p <
0.001). Student’s T-test. 

Fig. 2. Bar diagram showing level of serum 8OHdG (ng/ml) in four patients 
group of FIGO I, II, III, IV stage and healthy control group with highly signif
icant p-value (p < 0.0001), Student’s T-test. 
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peroxide, thus creating an environment favorable for DNA damage and 
for initiation and progression of cancer. Our study demonstrated that 
activity of SOD in blood of all the examined patients group were 
significantly increased compared to healthy control group. Our result 
showed statistical significance for patients in the advanced disease 
group as compared to healthy subjects. Demirci et al. [28] also showed 
an increase in SOD activity in cervical cancer patients, compared to the 
control group. Decreased SOD activity was reported by Balasu
bramaniyan et al. [27] in cervical tissues [29] and by Srivastava et al. 
[30] in blood. 

We demonstrated that level of 8-OHdG tends to increase as we move 
from FIGO I to FIGO IV stage of cervical cancer i.e., higher stage of the 
disease, thereby suggesting its role in progression of cervical carcino
genesis. A similar study was done by Sgambato et al. [31], they observed 
progressive significant rise in the level of 8-OHdG from LSIL (Low-grade 
squamous intraepithelial lesions) to HSIL (high-grade squamous 

Table 2 
Level of serum MDA (mg/dL), SOD (unit/ml), Glutathione (mM/L) and 8OHdG 
(ng/ml) data in mg/dl in control (N = 28) and Carcinoma cervix patients (N =
100) with grade (FIGO I, II,III, IV).  

Parameters Grade Cases (N 
= 100) 
(Mean ±
SD) 

Control 
(N = 28) 
(Mean ±
SD) 

P-value Inter group 
comparison 
One Way 
ANOVA 

Concentration of 
MDA (nmol/ 
ml) 

FIGO I 
(N =
21) 

1.82 ±
0.59  

0.777ns   

FIGO 
II (N 
= 25) 

2.42 ±
0.50  

<0.001   

FIGO 
III (N 
= 26) 

3.34 ±
0.58  

<0.001   

FIGO 
IV (N 
= 28) 

3.77 ±
0.67 

1.78 ±
0.56 

<0.001 F = 61.07 P <
0.001 

Concentration of 
SOD (unit/ml) 

FIGO I 
(N =
21) 

2.20 ±
0.52  

0.097   

FIGO 
II (N 
= 25) 

2.55 ±
0.39  

<0.001   

FIGO 
III (N 
= 26) 

2.81 ±
0.54  

<0.001   

FIGO 
IV (N 
= 28) 

2.96 ±
0.62 

1.94 ±
0.56 

<0.001 F = 16.64 P <
0.001 

Concentration of 
Reduced 
Glutathione 
(mM/L) 

FIGO I 
(N =
21) 

7.77 ±
1.94  

<0.001   

FIGO 
II (N 
= 25) 

6.09 ±
1.26  

<0.001   

FIGO 
III (N 
= 26) 

6.25 ±
1.65  

<0.001   

FIGO 
IV (N 
= 28) 

5.76 ±
1.11 

13.39 ±
2.87 

<0.001 F = 78.66 P <
0.001 

Concentration of 
8OHdG (ng/ 
ml) 

FIGO I 
(N =
21) 

236.02 
± 71.73  

<0.001   

FIGO 
II (N 
= 25) 

270.54 
± 80.49  

<0.001   

FIGO 
III (N 
= 26) 

252.35 
± 67.77  

<0.001   

FIGO 
IV (N 
= 28) 

290.90 
± 68.53 

168.78 ±
26.83 

<0.001 F = 14.25 P <
0.001  

Fig. 3. Bar graph showing level of serum GSH (mM/L) in four patient group of 
FIGO I, II, III, IV stages and healthy control group with significant p-values (p <
0.001). Student’s T-test. 

Fig. 4. Bar graph showing activity of serum SOD (unit/ml) in four patient 
group of FIGO I, II, III, IV stages and healthy control group with highly sig
nificant p-value (p < 0.001). Student’s T-test. 

Fig. 5. Graph showing negative correlation between GSH(mM/L) and 8-OHdG 
(ng/ml) (p < 0.001) with r = − 0.520 and R2 

= 0.271 using Pearson’s Corre
lation Test. 
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intraepithelial lesions) to invasive carcinomas. They suggested that 
alteration of this parameter at early stages of the process might help to 
predict patients at high risk of progression [31]. 

5. Conclusion 

Our data suggested an imbalance between oxidant-antioxidant status 
of patients in all the four groups of cases when compared to healthy 
controls. This imbalance plays an important role in the pathogenesis and 
progression of cervical cancer though the involvement of these param
eters is altered in oxidative stress. In summary, altered antioxidative 
enzymes activity, higher lipid peroxidation and higher level of 8-OHdG 
reflect the oxidative stress in cervical carcinoma, and this becomes more 
pronounced in advanced stages due to the increased tumor burden. The 
supplementation of antioxidants may reduce the progression of disease 
in cervical cancer patients. 
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