
Introduction

Prostate cancer (PCa) is the most common
noncutaneous malignancy among men and is the
second leading cause of cancer-related mortality.1-3

Based on GLOBOCAN 2018 estimates, 1,276,106
new cases of prostate cancer were registered
worldwide in 2018, representing 7.1% of all cancers
in men.2 Prostate cancer incidence rates are highly
variable worldwide. African-American men have the
highest incidence of prostate cancer and more likely
to develop the disease earlier in life when compared
to other racial and ethnic groups.4 In Bangladesh, the
prevalence of prostate cancer is low compared to the
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developed world, it has shown an increasing trend.5

Despite the much higher incidence rate in more
developed countries compared to less developed
countries (69.5 vs 14.5), the differences in mortality
data were cooperatively modest (10.0 vs 6.6).6

Considering that medical care and assistance are not
widely accessible in developing countries, this may
cause high mortality despite the lower incidence.7

The aetiology of prostate cancer is not well understood;
however, studies examining genetics, diet, lifestyle,
and certain chemicals exposure are increasingly
attracting attention.8 Epidemiological, experimental,
and clinical studies suggested that oxidative stress
(OS) plays a significant role in explaining prostate
cancer development and progression.9-11

Oxidative stress, defined as an imbalance between
reactive oxygen species (ROS) production and
antioxidant defenses.12-13 Men diagnosed with
prostate cancer have been shown to have higher
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oxidative stress, lower antioxidant enzyme activity.14

The antioxidant network comprises the enzymes
superoxide dismutase (SOD), catalase, glutathione
peroxidase, glutathione reductase and glutathione-s-
transferase (GST) that play an important role in
prostate cancer prevention, protecting cells from
genomic damage mediated by carcinogens and ROS
generated during inflammation. The expression of
several enzymes involved in oxidative stress and
detoxification is repressed in prostate cancer, in
particular, glutathione S-transferase.15 Furthermore;
men with prostate cancer may be subject to greater
oxidative stress and exhibit the lower activity of
erythrocyte glutathione peroxidase and superoxide
dismutase, compared with controls.14

 Lipid peroxidation is a free-radical-mediated chain of
reactions that, once initiated, results in an oxidative
deterioration of polyunsaturated lipids, of which most
common targets are components of the biological
membrane.16 The most frequently used biomarkers
indicating the overall lipid peroxidation level is the
plasma concentration of malondialdehyde (MDA).17

Highly reactive aldehydes (MDA), products of lipid
peroxidation, are capable of modifying both DNA and
proteins, resulting in the mutagenic, genotoxic, and
cytotoxic events.18 Therefore, many of the literature
reported that MDA levels were significantly high in
patients with prostate cancer.16

Though several worldwide studies were done regarding
the influence of oxidative stress on prostate cancer,
limited data were found in Bangladesh. Therefore, the
present study was aimed to investigate lipid
peroxidation and antioxidant status in a sample of
prostate cancer patients in Bangladesh.

Materials and Methods

This cross-sectional study was conducted during.
According to inclusion criteria, after taking informed
written consent, 207 histopathologically diagnosed
cases of prostate cancer, and 200 healthy subjects
as control was taken from inpatient and outpatient
department of urology, BIRDEM General Hospital,
BSMMU, and Dhaka Medical College hospital.
Detailed data regarding age, occupation, education,
religion, family history of cancer, previous history of
any cancer or chronic disease, smoking history was
recorded in the preset questionnaire. About 05 ml of
whole venous blood was collected with all aseptic
precautions. 02 ml of whole blood was immediately

collected in EDTA tube, mixed thoroughly for
estimation of erythrocyte reduced glutathione (GSH)
and SOD, and remaining 3 mL blood was collected to
clot activator tube for serum separation and estimation
of serum PSA, MDA, and GST. All the samples were
stored at -20ºC till the biochemical analyses were
done. Serum PSA was measured by automated
immunoassay analyzer (ADVIA CENTAUR). Serum
MDA was measured by the methods described by
Rice and Anthony. MDA in the catabolite of lipid
peroxide can react with thiobarbituric acid (TBA) and
produce a red compound, which has a maximum
absorption peak at 532 nm. The Glutathione S-
Transferase (GST) Assay Kit utilizes 1-Chloro-2,4-
dinitrobenzene (CDNB), which is suitable for the
broadest range of GST isozymes. Upon conjugation
of the thiol group of glutathione to the CDNB substrate,
there is an increase in the absorbance at 340 nm.
The increase in absorbance is directly proportional to
the GST activity. The linearity of the reaction
determined by plotting the absorbance values against
time. The level of erythrocyte reduced glutathione was
assayed by the method described by Beutler et al.
The colorimetric substrate that reacts with the free
thiol group of GSH to produce the highly colored
product. The GSH concentration was then calculated
as micromole per gram of hemoglobin by estimating
hemoglobin concentration of whole blood.
Measurements of SOD were performed by manual
procedure of Bio Vision Assay Kit (Catalog#335-100
assays) and the absorbance was measured at a wave
length of 560 nm with measurement unit U/mL.
Statistical analyses were performed using the
statistical package, SPSS version 23.0. Descriptive
statistics were presented as Mean±SD. Differences
in baseline variables between patients and control
subjects were tested using Student’s t test. p<0.05
was considered statistically significant. Pearsons
correlation was used to find out the correlations
between different parameters. Prior to the
commencement of the study, the research protocol
was approved by the National Ethics Review
Committee of BMRC, Dhaka.

Results

A total of 407 study subjects (207 cases and 200
controls) were enrolled in this study, according to the
inclusion criteria. The age of the control was
62.17±6.77 years, and it was 67.27±8.28 years in
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PSA was significantly positively correlated with MDA
& significantly negatively correlated with erythrocyte
reduced Glutathione (GSH) and SOD. Significant
negative correlation was also observed for MDA with
GSH and SOD.  No significant correlation was
observed for other studied biochemical parameters
(table III).

Table I:  Baseline characteristics of study subjects

Variables                          Study subjects (n=407)

Control Case
(n=200) (n=207)

Age (years)† 62.17 ± 6.77 67.27 ± 8.28

BMI (kg/m2)† 24.07 ± 1.95 23.06 ± 2.17

Occupation, n (%)
Dye factory 06 (03) 12 (5.8)
Farmer 84 (42) 91 (44.0)
Others 110 (55) 104 (50.2)

Educational status, n (%)
Illiterate 13 (6.5) 14 (6.8)
Primary 84 (42) 94 (45.4)
Secondary 81 (40.5) 82 (39.6)
Graduation/ above 22 (11) 17 (8.2)

Residence, n (%)
Rural 103 (51.5) 111 (53.6)
Urban 97 (48.5) 96 (46.4)

Smoking status
Nonsmoker
Smoker 96 (48.0) 81 (39.1)

104 (52.0) 126 (60.9)
Family history of cancer

No 191 (95.5) 169 (81.6)
Yes 09 (4.5) 38 (18.4)*

Results expressed as number (percentage); †Values are
Mean±SD; BMI: Body mass index, *p<0.05 was taken as the
level of significance.

Table II:  Biochemical and oxidative stress
parameters of study subjects (n=407)

Variables Control (n=200) Case (n=207)

 PSA (ng/ml) 3.06 ± 0.49 44.54 ± 35.50**

MDA (nmol/ml) 6.67 ± 1.37 13.23 ± 2.20**

Reduced Glutathione 2.51± 0.77 1.74   ± 0.89*

(GSH)  (µmol/gm of Hb)

GST (nmol/ml/min) 98.62±10.23 101.03± 10.90

SOD (U/mL) 159.79±19.44 111.84±12.60

Values are presented as Mean ±SD, p<0.05 was taken as the
level of significance, PSA: Prostate specific antigen, MDA:
Malondialdehyde, GSH: Erythrocyte reduced glutathione, GST:
Glutathione S transferase, SOD: Superoxide dismutase.

cases (table I). The study subjects were categorised
into four different age group categories (<50, 50-60,
61-70, and >70 years). The majority (51.6%) of the
cancer patients belong to 61-70 years age group
(figure 1). BMI among control and cases was
24.07±1.95 and 23.06±2.17, respectively. Statistically,
no significant differences were found between the
cases and control regarding age and BMI. No
statistically significant differences were also observed
between the cases and control for the educational
status, monthly income, and residential status. There
were 52.0% and 60.8% smokers among the control
and case group respectively but it was not statistically
significant (p>0.05). Whereas, the family history of
cancer among the study subjects revealed, only 4.5%
of the control group had family history of cancer and,
on the other hand, 18.4% of cases had positive family
history of cancer and it    was statistically significant.

Serum PSA, malondialdehyde (MDA), Glutathione S
transferase (GST), erythrocyte reduced glutathione
(GSH), and superoxide dismutase (SOD) were
estimated in all the study subjects. Mean±SD of PSA
(ng/mL), MDA (nmol/mL), erythrocyte reduced
glutathione (GSH) (ìmol/gm of Hb), GST (nmol/mL/min)
and SOD (U/mL) among the control were 3.06±0.49
mg/mL, 6.67±1.37 (nmol/mL), 2.51±0.77 (µmol/gm of
Hb), 98.62±10.23 (nmol/mL/min) and 159.79±19.44
respectively, on the other hand, among the prostate
cancer patients, those were 44.54±35.50 (ng/mL),
13.23±2.20 (nmol/mL), 1.74±0.89 (µmol/gm of Hb),
101.03±10.90 (nmol/mL/min) and 111.84±12.60
respectively (table II). Significant differences of
biochemical parameters (including oxidative stress
parameters) were found between the control and cases.

Figure 1: Frequency distribution of study subject
according to age group.
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Discussion

The mean age of prostate cancer cases was
67.27±8.28 year, and among control, it was 62.17±6.77
year (table I), which is similar to that of the age group
reported by Iguchi et al. and Kosova et al.23, 24 Most
of the prostate cancer patients in this study, were of
61-70 years of age (figure-1), which is consistent with
the previous study of Plaskon et al.25 Age plays an
important role in the development of prostate cancer,
and its incidence increases with increased age.26 This
study also found a significant association of family
history of cancer with the risk of prostate cancer.
Similarly, Jr Rovito et al reported that the family history
of prostate cancer in the first-degree blood relatives
was a significant risk factor for prostate cancer.27

In accordance the present study, it was to be found that,
men with prostate cancer had significantly high serum
PSA compared to healthy men.28,29 A study done
described that PSA elevations during disease processes
are believed to be a product of the disruption of the normal
cellular architecture of the prostate gland.30 Study of
oxidative stress-related parameters in the study subjects
revealed significant increased level of MDA and decreased
level of erythrocyte reduced Glutathione (GSH), and SOD
in the prostate cancer patients in comparison to controls.
It was also found significant rise of MDA in prostate cancer
patients due to increase generation of ROS.11,25 In a
study suggested that the lower GSH levels in prostate
cancer may be due to the increased turnover of GSH for
preventing oxidative damage.31 Significant decreased
level of SOD in prostate cancer patients were also
reported.32 In the present study, similar to GST activity
was found significantly higher in prostate cancer patients
than controls.33 Rise in the levels of GST activity may
attributed to its induction to counter the effect of
increased oxidative stress.

The co-relational study of oxidative stress parameters
and serum PSA found a significant positive correlation
of serum PSA with MDA and significant negative
correlation with GSH and SOD. Similar findings also

reported by the other researchers.19,34 In agreement
with the findings of Srivastava and Mittal, significant
negative correlation of MDA with GSH was also found
in this study (Table III), which indicates the generation
of more free radicals that may result in the destruction
of protein structure or formation of DNA adduct.33

There are several limitations to this study like, the
study had a relatively small sample size and consisted
of only the Bangladeshi male race. The exact roles of
oxidative DNA damage in the pathogenesis of disease
were not completely defined in this study. Further
studies on a large scale, more rigorous study design,
especially stratified for gene-environment interaction,
may eventually lead to a better comparative
understanding of their possible role in prostate cancer.

Conclusion

This study revealed that overall oxidative stress was
increased in prostate cancer patients which may play
an important role in the carcinogenesis. So, screening
of oxidative stress and antioxidant status in the elderly
male in a regular interval is recommended for early
detection and proper management of prostate cancer.
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Table III: Correlation among PSA, MDA, GSH, GST, and SOD

Variable PSA MDA GSH GST activity  SOD

PSA - 0.539* -0.233* 0.035 -0.529*

MDA - - -0.400* 0.094 -0.697*
GSH - - - -0.003 0.349*
GST - - - - -0.077
SOD - - - - -

*Correlation is significant at the 0.01 level (2-tailed). PSA: Prostate specific antigen, MDA: Malondialdehyde, GSH: Erythrocyte
reduced glutathione, GST: Glutathione S transferase, SOD: superoxide dismutase.
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