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Abstract
Purpose Over the past several decades, research has suggested reactive oxygen species act as cofactors for cervical cancer

development. The aim of this study is to evaluate the antioxidant and lipid peroxidation status in cervical cancer patients in

Bangladesh.

Methods From December 2017 to 2018, a cross-sectional observational study was conducted on 50 cervical cancer patients

and 50 controls. Plasma levels of lipid peroxidation and total antioxidant capacity were measured. The Student’s t test was

used for statistical analysis. P values less than 0.05 were taken as a level of significance.

Results There was a significant reduction in total antioxidant levels in patients with cervical cancer, 972.77 ± 244.22 SD

lmol equivalent to ascorbic acid/L, compared to normal controls, 1720.13 ± 150.81 SD lmol equivalent to ascorbic acid/

L (P\ 0.001). Levels of lipid peroxidation were found to be significantly higher in cervical cancer, 7.49 ± 2.13 SD lmol/

L, than in women without cervical cancer, 3.28 ± 0.58 SD lmol/L (P\ 0.001). The cervical cancer patients had sig-

nificantly higher levels of oxidative stress index (0.83 ± 0.31) in comparison to controls (0.19 ± 0.04) (P\ 0.001).

Conclusion There was an increased oxidative stress index due to imbalance between lipid peroxidation generation and total

antioxidant capacity in cervical cancer patients. Further studies are needed to explore the role of oxidative stress as a

cofactor for cervical carcinogenesis.
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Introduction

Cervical cancer is a major public health problem world-

wide. Cervical cancer ranks as the second leading cause of

female cancer and the second most common female cancer

in women aged 15–44 years in Bangladesh. The estimated

age-standardized incidence and mortality rates of cervical

cancer were approximately 10.6 and 7.1 per 100,000

women, respectively, in 2018. In the same year, about 8068

new cervical cancer cases and 5214 deaths in Bangladesh

were recorded [1]. These rates may significantly underes-

timate the true rates of cervical cancer in Bangladesh,

which does not currently have a national cancer data reg-

istry [2].

Human papilloma virus (HPV) DNA is found in 99% of

invasive cervical cancers worldwide [3, 4]. Infection with a

high-risk (HR-HPV) human papilloma virus subtype typi-

cally lasts from 12 to 18 months and is eventually cleared

by the immune system [5]. However, approximately 10%

of women do not clear HR-HPV infections, resulting in a

persistent infection. The main consequence of persistent

infection with HR-HPV is the progression of precancerous

lesions to cancer [6].

Integration of HPV genomes into the host chromosomes

and the aberrant expression of viral oncogenes play central

etiologic roles for the development of cervical cancer [7]. It

is hypothesized that HPV-induced inflammation generates

reactive oxygen species (ROS), which might create DNA

strand breaks. These DNA strand breaks may enable HPV-

DNA integration into human genome. In this way, the

intercalated HPV-DNA can lead to uncontrolled cell

growth and carcinogenesis [8]. Along with viral oncogene

expression, other cofactors are needed for cancer to occur.

A pooled analysis study for the International Agency for

Research on Cancer Multicenter Cervical Cancer Study

Group found a statistically significant association of cer-

vical carcinoma with high parity [9]. This may correlate

with increased and unprotected exposures to HR-HPV. The

influence of cofactors such as smoking, inflammation,

infections, immunodeficiency states and malnutrition is

well documented [10]. Environmental exposures such as

tobacco are important. One study showed that women who

never smoke but were exposed to smoking had a 73%

increase in risk of cervical cancer compared with non-ex-

posed women (OR = 1.73, 95% CI = 1.35–2.21,

P\ 0.001) [11]. The mechanism of promoting carcino-

genesis by some of these cofactors may be through the

increase of free radicals [12].

Reactive oxygen radicals (ROSs) are highly reactive

species that have been implicated in the initiation and

progression of carcinogenesis through DNA damage,

genomic instability, tumor suppressor gene reduction,

increased expression of proto-oncogenes and alterations to

immunological defense mechanisms [13]. Mammals have

complex antioxidant strategies to minimize the noxious

effects of ROS. Under normal conditions, the toxic effects

of ROS upon the cells are neutralized to a large extent by a

cascade of antioxidant defenses. Imbalance between ROS

and antioxidants produces oxidative stress [14].

In humans, direct measurement of oxidative stress is

difficult as the reactive oxygen species are extremely short-

lived. However, the products of the reactive oxygen spe-

cies-induced lipid peroxidation can be measured and can

provide an indirect measure of oxidative stress [15, 16].

The combination of different antioxidants provides greater

protection than any compound alone. The plasma total

antioxidant capacity (TAC) is regarded as more represen-

tative of the in vivo balance between oxidizing species and

antioxidant compounds (both the known and unknown, and

the measurable and not measurable) than the concentration

of single, selected antioxidants [17]. The role of oxidative

stress has been studied in relation to HPV-related cervical

carcinogenesis [14]. The current study investigated the

total antioxidant capacity and lipid peroxidation status in

cervical cancer patients compared to controls in

Bangladesh.

Materials and Methods

A cross-sectional observational study was conducted in

the Department of Gynaecological Oncology of the

National Institute of Cancer Research and Hospital

(NICRH), in Mohakhali, Dhaka, Bangladesh, from

December 2017 to 2018. Fifty patients with a diagnosis of

cervical cancer were taken as cases. The control group

was recruited from the outpatient department and included

fifty women without cervical cancer as documented by

either by visual inspection with acetic acid (VIA) nega-

tive test or cervical cytology negative. The control group

was age-matched with the participants carrying a diag-

nosis of cervical cancer. The sampling technique used the

purposive non-random sampling method [18]. The inclu-

sion criteria consisted of participants between the ages of

35 and 55 years, histopathologically confirmed cervical

cancer, no prior pelvic radiation, chemotherapy and pelvic

surgery. Exclusion criteria encompassed patients above

55 years of age or below the age of 35 years, known

secondary malignancies, immunocompromised due to

medical comorbidities, diabetes mellitus, hypertension or

severe anemia. The age restriction was added to reduce

possible variations in immune function that may alter

oxidative function [19].
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Study Procedure

The research protocol was approved by the Ethical Review

Committee of NICRH. The aims and objectives of the

study along with its procedure, methods, risks and benefits

of this study were explained to each participant in easily

understandable local language, and written informed con-

sent was taken from each patient. All information and

records were kept confidential and separate from the par-

ticipants’ medical records.

Using standard aseptic precautions, 5 ml of venous

blood from antecubital vein was taken in a Stoppard

polyethylene tube containing 60 lL k3EDTA anticoagulant

(tripotassium ethylenediaminetetraacetic acid). After cen-

trifugation at 3000 rpm for 10 min, plasma was separated

and stored at - 40 �C until analysis was performed at the

pharmacology research laboratory of Bangabandhu Sheikh

Mujib Medical University (BSMMU). Data were collected

using a pre-designed, approved data collection sheet.

Biochemical Analysis

Total antioxidant activity was measured by ferric reducing

antioxidant power (FRAP) assay [20]. At low pH, reduc-

tion of ferric tripyridyl triazine (Fe III TPTZ) complex to

the ferrous form produces an intense blue color. The

change in color is directly related to the total reducing

power of the electron-donating antioxidants present in the

reaction mixture. The absorbance optical density (OD) of

color changes can be monitored by the spectrophotometric

method at 593 nm. Plasma samples (100 ll) were mixed

with 3 ml of working FRAP reagent and vortexed. After

measuring the OD at 0 min, the samples were placed at

37 �C in water bath and absorbance was again measured

after 4 min. Ascorbic acid standards (M.W 176.13)

(100–1000 lM) were processed in the same way. Plasma

lipid peroxidation was estimated by measuring malondi-

aldehyde (MDA) as previously described [21]. The end

product of lipid peroxidation (MDA) reacting with thio-

barbituric acid (TBA) produced a color reactive substance

which was measured by spectrophotometrically at 530 nm.

Statistical Analysis

The mean of two groups was compared using the Student

t test. P values\ 0.05 were considered statistically sig-

nificant. Statistical analysis was performed by using soft-

ware devised with SPSS for Windows version 23.

Results

Among the 100 participants, half of the participants were

cervical cancer patients. The demographics and socioeco-

nomic characteristics of the patients were similar to women

with cervical cancer in other countries (Table 1). In this

study, the mean age of cervical cancer patients was

47.4 ± 12.2 years which is similar to the mean age of

44.9 ± 7.89 years found by other investigators [22]. The

mean age of menarche of cancer patients was 12.5 ± 0.63

SD years, and in control group it was 13.8 ± 1.6 SD years.

This observation was in consistent with the finding of

others [23]. They also found the ages of menarche in

cancer patient and control were 13.7 and 13.9 years,

respectively. In the present study, more than 86% of cancer

patients were below the age of 18 years at marriage. Our

observation agreed with others who found age at marriage

(HR = 0.9, more than 18 vs less) [24]. In our study 54% of

the cancer patients were grand multiparous and 44% were

multiparous. Regarding occupations, 84% of cancer

patients were housewives and 16% worked outside the

home. This observation was in agreement with other

reports who found no significant association with incidence

of cervical cancer with respect of occupation [25]. In our

study, 64% of cancer patients and 42% of control women

were oral contraceptive pill users. In the present study, no

active smokers were found in either case or control groups.

In the cancer group 84% and in the control group 52% were

exposed to tobacco through their husbands or employment

and were categorized as passive smokers.

Of the fifty women with cervical cancer, nine had ade-

nocarcinomas and the remainder (82%) had invasive

squamous cell cancers. Ninety-four percent of the cancers

were grade 3. The majority of women presented with Stage

IIIb cancers (48%), and 14% and 38% of the cases carried

diagnoses of Stage Ib3 and Stage IIb cancers, respectively.

Table 2 shows the lipid peroxidation level and the total

antioxidant capacity of women with cervical cancer com-

pared to controls. In cervical cancer patients, the mean

lipid peroxidation product (MDA) level was 7.49 ± 2.13

SD lmol/ L and in the control group it was 3.28 ± 0.58 SD

lmol/ L. The difference between the two means was sta-

tistically significant (P\ 0.001). In cervical cancer

patients, the mean total antioxidant capacity (TAC) level

was 972.77 ± 244.22 SD lmol equivalent to ascorbic acid/

L and in the control group it was 1720.13 ± 150.81 SD

lmol equivalent to ascorbic acid/L. The difference

between the two means was statistically significant

(P\ 0.001). In cervical cancer patients, the mean oxida-

tive stress index (OSI) calculated by MDA/TAC 9 100

was 0.83 ± 0.31SD in cancer patients and 0.19 ± 0.04 SD

in the comparison group. The difference between the two
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means was statistically significant (P\ 0.001). Table 3

summarizes these data.

Table 4 shows the MDA and TAC levels for the cervical

cancer group by stage of disease. There was a trend toward

lower total antioxidant capacity as stage increased, but this

was not statistically significant (P = 0.06). Similarly, there

was a trend toward a higher MDA level with stage

(P = 0.07).

Discussion

DNA damage through oxidation has been associated with

carcinogenesis through the development of oxidizing

reactive molecules. These molecular insults may have

carcinogenetic effects secondary to the impact on p53, cell

proliferation, invasiveness and metastases [26]. The inter-

mediate step is oxidative stress which induces toxicity and

damage of protein, lipids and DNA through oxygen free

radicals and leads to base damage and DNA strand breaks

[27]. While high-risk human papillomavirus infections are

the known etiologic agents for the development of cervical

cancer, only a small subset of all women infected with HR-

HPV will go on to develop cervical cancer. Most risk

factors for cervical cancer identify the social determinants

of disease such as poverty, malnutrition, sexual exposure to

HR-HPV through early marriage, high parity and lack of

access to healthcare [10]. But the biological and molecular

factors that lead to persistent HR-HPV infections are still

poorly understood [28]. Alterations in the cervical

Table 1 Demographics

characteristics of participants
Variable Cervical cancer N = 50 (%) Control N = 50 (%)

Age (year) 47 ± 12.2 46.3 ± 12

Age of menarche (year) 12.5 ± 0.63 13.8 ± 1.6

Age of marriage (years)

\ 14 20 (40%) 15 (30%)

15–17 23 (46) 25 (50)

[ 18 7 (14) 10 (20)

Parity

Primiparous 1 (2%) 5 (10%)

Multiparous 22 (44) 40 (80)

Grand multiparous 27 (54) 5 (10)

Occupation

Housewife 42 (84%) 37 (74%)

Service holder 8 (16) 13 (26)

Oral contraceptive

User 32 (64%) 21 (42%)

Non-user 18 (36) 29 (58)

Smoking

Passive smoking 42 (84%) 26 (52%)

Non smoker 8 (16) 24 (48)

Table 2 Comparison of lipid

peroxidation (MDA) and total

antioxidant capacity (TAC)

level for women with cervical

cancer versus women without

cervical cancer (control)

Lipid peroxidation level Total antioxidant capacity

Mean ± SD Mean ± SD

Cervical cancer (N = 50) 7.49 ± 2.13 972.77 ± 244.22

Control (N = 50) 3.28 ± 0.58 1720.13 ± 150.81

P value \ 0.001 0.001

TAC (lmol equivalent to ascorbic acid/L); Student’s t test is done to measure the level of significance

SD standard deviation

Table 3 Comparison of oxidative stress index (OSI) for women with

cervical cancer versus women without cervical cancer (Control)

Oxidative stress index (OSI)

Mean ± SD

Cervical cancer (N = 50) 0.83 ± 0.31

Control (N = 50) 0.19 ± 0.04

P value \ 0.001
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microbiome have been studied to identify other potential

localizing cofactors leading to carcinogenesis. In one

study, folate biosynthesis and oxidate phosphorylation

occurred at higher levels in women with preinvasive and

invasive cervical cancer [29]. In vitro analysis of antiox-

idative factors in cervical cancer cell lines suggests

enhancement of cancer cell growth [30]. Our study sought

to compare the products of the reactive oxygen species-

induced lipid peroxidation as an indirect measure of

oxidative stress for women with a known diagnosis of

cervical cancer compared to those without cervical cancer.

We investigated the total antioxidant capacity and lipid

peroxidation status in this study population of fifty cases

and fifty matched controls. The clinical utility of identi-

fying a difference in total antioxidant capacity is that this

information may help identify the subset of women with

persistent HPV infections who develop malignant

transformation.

In our study, lipid peroxidation in cervical cancer

patients was 7.49 ± 2.13 SD lmol/L and in the control

group it was 3.28 ± 0.58 SD lmol/L which was highly

significant (P\ 0.001). This observation was in agreement

with the research of Ayala et al. [31]. They noted that

plasma MDA levels in cancer patients were 5.23 ± 2.13

SD compared to 3.83 ± 2.23 SD in their controls. Another

study showed the average plasma MDA level of

7.23 lmol/L in cancer patients and 5.18 lmol/L in the

comparison group. The difference was significant, and this

finding is consistent with the present study [32].

In the present study, total antioxidant capacity (TAC) in

cervical cancer patients was 972.77 ± 244.22 SD lmol

equivalent to ascorbic acid/L and in the control group it

was 1720.13 ± 150.81 SD lmol equivalent to ascorbic

acid/L. The difference was statistically significant

(P\ 0.001). Our results are consistent with the results of

other investigations. In another report, the TAC levels in

cervical cancer patients and controls were 1320 ± 0.029

SD lmol Trilox equivalent/L and 1620 ± 0.042 SD lmol

Trilox equivalent/L, respectively [33]. Subramanyam

reported TAC levels in cervical cancer patients and con-

trols as 1000.2 ± 2.44 SD lmol Trilox equivalent/L and

3100 ± 1.24 SD lmol Trilox equivalent/L, respectively,

which is similar to our findings [34]. In our study, the level

of oxidative stress index (OSI) in cervical cancer patients

was 0.83 ± 0.31SD and in the control group was

0.19 ± 0.04 SD and the difference was statistically sig-

nificant (P\ 0.001). This correlates with other research

which found the OSI in cancer patients at 1.72 ± 0.048

compared to 1.36 ± 0.061 in their control group [35]. In a

review of oxidative stress and cancer in general, reactive

oxygen species have been shown to modify the activity of

antioxidant transcription factors [36]. This information

could potentially be harnessed to treat women with

antioxidants such as ascorbic acid [37].

Looking at the participants by stage of cervical cancer,

there was a trend toward lower total antioxidant capacity, a

higher MDA level and higher OSI as stage increased but

this was not statistically significant. If variations of OSI

with size of cancer can be replicated with larger trials, this

may be an interesting prognostic indicator as well.

The present study has some limitations. This is an

observational study looking at differences in antioxidant

capacity in cases versus controls at one point in time. It

may be that this measurement changes over time based on

tumor size, recurrence risks, treatment modalities, time

from treatment and other associated health factors such as

nutritional status. A larger prospective cohort study would

be needed to answer these questions. The study was con-

ducted in a single center in Dhaka city. Dhaka is a densely

populated city with many environmental pollutants that

may influence changes in oxidative stress that may con-

tribute to carcinogenesis [38]. However, the control group

without cervical cancer was also recruited from the same

environment. The sample size was small, and subtle vari-

ations in OSI that might be clinically important such as

differences by stage and histopathology could not be

identified from these data.

Conclusion

Our results show that there was a significant increase in

lipid peroxidation and a significant impairment of antiox-

idant status in cervical cancer patients compared to controls

Table 4 Lipid peroxidation

(MDA), total antioxidant

capacity (TAC) and oxidative

stress index (OSI) for women

with cervical cancer by FIGO

stage

Stage (FIGO) MDA TAC OSI

N (%) Mean ± SD Mean ± SD Mean ± SD

Ib3 N = 7 (14%) 6.54 ± 1.93 1017.02 ± 254.78 0.64 ± 0.27

IIb N = 19 (38%) 7.51 ± 2.126 945.7 ± 228.04 0.79 ± 0.28

IIIb N = 24 (48%) 7.86 ± 2.22 921 ± 232.18 0.85 ± 0.34

P value 0.07 0.06 0.05

FIGO Federation International Gynecology Obstetrics, MDA malondialdehyde—the measure of lipid

peroxidation, OSI oxidative stress index, TAC total antioxidant capacity
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without cervical cancer. This imbalance leads to significant

increase in oxidative stress index (OSI) in cervical cancer

patients. Further studies are needed to explore the role of

oxidative stress as a cofactor for cervical carcinogenesis.
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