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Abstract

Female lives longer than male and incidence of cardiovascular disease is lower in young
female. However the role of oxidative stress has been repeatedly described in various diseases
but rarely healthy people. The objective of the study was to observe the gender related
differences in oxidative stress status and to show significance in alteration. This cross sectional
and comparative study was carried out in the Department of Physiology, Rajshahi Medical
College during the period from January 2013 to June 2014. Total 45 healthy adult subjects (25
males and 20 females) were enrolled in the study. Systematic sampling technique was used to
select each study subject from students, doctors and staffs of Rajshahi Medical College.
Malondialdehyde (MDA), a lipid peroxide and alpha-tocopherol, an antioxidant in plasma was
measured. MDA:alpha-tocopherol ratio was used as a reliable marker of oxidative stress status.
The mean plasma alpha-tocopherol concentration was significantly higher (p < 0.05) and
plasma MDA: alpha-tocopherol ratio was significantly lower (p < 0.05) in female group than male
group. The mean plasma alpha-tocopherol concentration was significantly higher (p < 0.05) in
female group aged 18-21 years than the corresponding male group. From the results of this
study, it can be concluded that oxidative stress is less in female than in male indicating
presence of potent compensatory response against oxidative stress in female which may be
attributed to influence of female sex hormones. Key words: gender, oxidative stress,
malondialdehyde, alpha-tocopherol.
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Introduction

Oxidative stress results from the imbalance
between oxidative and anti-oxidative
mechanisms with increased levels of
pro-oxidants and depletion of anti-oxidants
leading to tissue damage. Oxidative damage
to DNA, proteins and lipids induced by the
overproduction of reactive oxygen species
(ROS) that disrupts cellular homeostasis. On
the other hand, the human body generally
has anti-oxidant system, which plays an
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important role in the suppression of ROS
over production and protects cells from
oxidative stress. Anti-oxidant system is com-
prised of endogenous compounds (billirubin,
uric acid, super oxide dismutases, catalase,
glutathione peroxidase, etc) and exogenous
compounds (carotenoids, tocopherols, ascor-
bate, bioflavonoids, etc)."

Lipid per-oxidation is an auto-catalytic free
radical mediated destructive process
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whereby polyunsaturated fatty acids in cell
membranes undergo degradation to form
lipid hydro-peroxides. These latter com-
pounds decompose to form a wide variety of
products including Malondialdehyde (MDA).?
MDA is a three carbon, low molecular weight
aldehyde that can be produced from free
radical attack on polyunsaturated fatty acids
of biological membranes. So, the determina-
tion of MDA is used for monitoring lipid
peroxidation in biological samples.’

Antioxidants are the compounds of exog-
enous or endogenous in nature which either
prevent the generation of toxic oxidants or
intercept any that are generated or inactivate
them and thereby block the propagation of
chain reactions produced by these oxidants.3
Tocopherol is a chain breaking antioxidant
protecting the lipid phase of the cell from
oxidative chain reactions and is an important
lipid soluble antioxidant in human plasma.*
Alpha-tocopherol is the major form of tocoph-
erol, which is the most potent and present in
highest concentration in plasma. So, it exerts
the maximum antioxidant effect to prevent
lipid peroxidation in plasma.®

Female lives longer than male, so it is
predicted that the female have lower level of
stress.® However, several researchers found
no significant difference of MDA levels in
male and female population.”® Moreover,
Mendoza-Nunez et al found no significant
difference of MDA levels by gender and age
group.® On contrary, Kharb and Ghalaut
found significantly higher MDA levels in
women in comparison to men.'® Further-
more, Dittmar et al observed the highest lipid
peroxide status in young female group.’’ On
the other hand, Actis-Goretta et al noted
higher MDA levels in male.'> Additionally,
Kasapoglu and Ozben found no gender
difference in tocopherol levels.'® The results
of the studies are not conclusive.

Therefore, the objective of the present study
was to examine the biochemical parameters
of oxidative stress in healthy human subjects
of both genders, to determine the possible
gender related differences in oxidative stress
status, to compare between antioxidant

status (alpha-tocopherol) with pro-oxidant
status (MDA).

Materials and Method
This cross-sectional comparative study was

carried out in the Department of Physiology,
Rajshahi Medical College during the period
from January 2013 to June 2014. Forty five
healthy adult subjects of both genders: 25
male and 20 female subjects were enrolled
in the study. They were further subdivided
into 18-21 years male, 18-21 years female,
41-68 years male and 41-68 years female
groups. Study subjects were selected by
purposive sampling from medical students,
doctors and staffs of Rajshahi Medical
College excluding subjects if they had diabe-
tes, hypertension, chronic liver and renal
diseases, alcoholism and smoking. The
protocol of the study was approved by the
Ethical Review Committee of Rajshahi Medi-
cal College. Persons taking antioxidant
therapy or other drugs, pregnant and lactat-
ing women were also excluded from the
study.

Before recruitment, aim, benefit and proce-
dure of the study was explained and
informed written consent was taken from
each study subject. Thorough physical
examinations of all subjects were done. Then
under aseptic precaution, 4 ml blood in a test
tube containing anti-coagulant di-potassium
ethylenediaminetetraacetic acid was taken
from each subject. Plasma was separated
after centrifuging for 15 minutes at 3000 rpm.
Plasma was used to estimate MDA and
alpha-tocopherol levels.

An important point is that we examined only
those variables which are most reliable,
reproducible and provide a correct assess-
ment of the extent of oxidative stress. Direct
measurement of free radicals is difficult due
to their unstable and transient nature; there-
fore, the tendency of free radicals to cause
lipid peroxidation was used as an indirect
measure. MDA is a three carbon, low
molecular weight aldehyde that can be
produced from free radical attack on polyun-
saturated fatty acids of biological
membranes.! So, the determination of MDA
was used for monitoring lipid peroxidation.
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We measured alpha-tocopherol as active
component of tocopherols because it is a
major of lipid soluble chain breaking antioxi-
dant which prevents lipid peroxidation. More-
over, it is the most biologically active form of
tocopherols and present in highest
concentration.®

Plasma was used to estimate MDA levels by
the method described by Das et al and
Alpha-tocopherol levels were measured by
the method described by Baker and
Frank.1#415

Data were analyzed by a computer using
SPSS software program. Statistical analysis
was done by Student’s t-test and a p value
<0.05 was taken as significant.

Results

The mean plasma alpha-tocopherol concen-
tration was significantly higher (p < 0.05) and
plasma MDA:alpha-tocopherol ratio was
significantly lower (p < 0.05) in female group
than male group (Table 1).

The mean plasma alpha-tocopherol concen-
tration was significantly higher (p < 0.05) in
female group aged 18-21 years than the
corresponding male group (Table 2).

All the variables were non-significant in
female group aged 41-68 years than the
corresponding male group (Table 3).

Discussion
In this study, we found that the plasma MDA

levels were non-significantly higher in the
female subjects than those in the males. This
finding is compatible with Kharb and
Ghalaut.™ It may be due to lack of adequate
physical activity or effect of repeated preg-
nancy during reproductive age in females,
which increases oxidative stress.”-16

We also found that the plasma MDA levels
were non-significantly higher but plasma
alpha-tocopherol levels were significantly
higher in females than males. Similar trend
was observed in aged group by gender. It
may be due to compensatory adjustment
against oxidative stress in female.® However,
in female aged 41-68 vyears, alpha-

tocopherol levels were non-significantly
higher than corresponding male group
instead of significant rise. It may be due to
the fact that with advancing age, female
ovarian follicle becomes progressively less
sensitive to the effects of gonadotrophins
and secrets less sex hormones.!” So, effect
of sex hormones on anti-oxidant status
becomes negligible.

We used plasma MDA:alpha-tocopherol ratio
as a marker of oxidative stress status
because oxidative stress is determined by
imbalance between pro-oxidants and anti-
oxidants." On the basis of MDA:alpha-
tocopherol ratio, we found that oxidative
stress was lower in female than male. It may
explain the reason that the female species
lives longer than male.® Oxidative stress is
more in male than female which may be due
to the fact that basal metabolic rate is higher
in male than female.® This finding points out
that female sex hormones have protective
role against oxidative stress status.

In this study, we did not observe any signifi-
cant difference of oxidative stress status
between genders by age groups. These
findings are in agreement with Mendoza-
Nunez et al.? However, we found that oxida-
tive stress status was non-significantly lower
in female group aged 18-21 years as well as
41-68 years in comparison to corresponding
male group. It may be due to influence of
female sex hormones, which keep the oxida-
tive stress status minimum.'® In contrast,
Andriollo-Sanchez et al found higher lipid
peroxides in females when comparing
between middle aged (61 years) and older
elderly (71 years).?% So, all of their female
subjects were above 60 years and perhaps
postmenopausal women. It is possible that
their observation reflects the influence of
menopause on oxidative stress status.?! So,
studies are needed to compare the oxidative
stress status in between younger premeno-
pausal women and postmenopausal women
to find out the contribution of sex hormones
on oxidative stress.

In addition, we found that the female group
aged 18-21 years had the lowest oxidative
stress. It may explain the reason that the
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Table 1. Plasma MDA and alpha-tocopherol in both gender groups, n = 45

Variable Male (18-68 years) Female (18-68years)
n=25 n=20

MDA, micro-mol/l 3.01+0.74 3.21+0.49

Alpha-tocopherol, mg/dl 1.74+0.86 2.5740.76

MDA:alpha-tocopherol 2.30£1.62 1.4340.79°

n, number, *: p < 0.05 by Student’s #-test.

Table 2. Plasma MDA and alpha-tocopherol in age matched (18-21 years) gender groups, n = 23

Variable Male (18-21 years) Female (18-21 years)
n=10 n=13

MDA, micro-mol/l 2.49+0.91 3.03+0.42

Alpha-tocopherol, mg/dl 2.12+1.04 2.8240.50"

MDA:alpha-tocopherol 1.52+1.07 1.09+£0.25

n, number, *: p < 0.05 by Student’s ¢-test.

Table 3. MDA and alpha-tocopherol in age matched (41-68 years) gender groups, n = 22

Variable Male (41-68 years) Female (41-68 years)
n=15 n=7

MDA, micro-mol/l 3.36+0.46 3.54+0.48

Alpha-tocopherol, mg/dl 1.48+0.62 2.11+£0.98

MDA:alpha-tocopherol 2.82+1.74 2.07+1.07

n, number.

young females suffer lower incidence of
hypertension, ischemic heart disease,
atherosclerosis, etc.?> On contrary, Dittmar
et al observed the highest lipid peroxidation
in young females. They used horse reddish
peroxidase to measure lipid peroxides.” This
finding might be attributed to the interaction
between female sex hormones and the test
system used for the measurement of lipid
peroxides. We assume that the test system
for measurement of oxidative stress status
might be one of the limitations of their study.
So, we suggest that the test results should
be compared with those of a second test
system.

Additionally, we found that the antioxidant
status was higher in the female group aged
18-21 years in comparison to all other
groups. It may be due to the fact that the
compensatory response of the body against
oxidative stress was more potent in younger
female.® We assume that female sex
hormones, which are highest in young
women, are responsible for our obser-

vation.' However, Kasapoglu and Ozben
stated that tocopherol level does not change
with sex.'® Their data suggest that various
factors may contribute to the process of
oxidative stress.

One of the strength of this study is that we
measured two closely inter-related
biomarkers of oxidative stress status.
Consequently the findings indicate that
MDA:alpha-tocopherol ratio should be used
as marker of oxidative stress status instead
of MDA or alpha-tocopherol concentrations
alone. However, this was a cross-sectional
study. Therefore, it is necessary to carry out
a cohort to confirm our findings. We consider
a limitation of our study that the study
sample was small. Further study using a
larger sample size is needed to reach a valid
explanation.

Conclusion

In this study, we found that oxidative stress
was less in female than male due to
presence of potent compensatory response
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against oxidative stress. We also found that
younger female group had the lowest oxida-
tive stress and the highest antioxidant
defense. Additionally, we made an attempt
to establish the significance of MDA:alpha-
tocopherol ratio as a new marker of oxida-
tive stress rather than concentrations of
MDA or alpha-tocopherols alone. However,
studies are needed with larger sample size
from general population to establish the
influence of sex hormones on oxidative
stress status.
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