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Abstract

Background: The present study aims to elucidate the gender-based association of oxidative- stress with cardiovascular risk
factors in type Il diabetes mellitus in the people of central Punjab, Pakistan.

Methods: This study (case-control) was conducted on 200 subjects (100males and 100 females). Males and females; were
categorized into control and diabetics. Each individual was subjected to clinical examination with a detailed history and fasting
serum was collected to estimate total cholesterol (TC), triglycerides (TG), high- density lipoprotein-cholesterol (HDL-C), low-
density lipoprotein-cholesterol (LDL-C), and oxidative stress markers (superoxide dismutase; SOD, reduced glutathione; GSH,
malondialdehyde; MDA, catalase; CAT and nitric oxide; NO).

Results: Male diabetics showed increased TC, TG, and LDL -C (P=0.001) with the reduction in HDL-C (p=0.000) compared
to non-diabetic male subjects. Similarly, we found a marked increase in TC, TG, LDL-C (p=0.001) with the reduction in HDL-C
(p=0.045) in females diabetics compared to non-diabetic female controls. Moreover, female diabetics were found to have
augmented levels of TC, LDL-C (p=0.045), and TGs (p=0.001) than male diabetics. In addition to this, low levels of SOD, GSH,
CAT, and NO (p= 0.001) in diabetic males and females was observed. However, MDA levels were found to be insignificant when
compared with male diabetics with non-diabetic’s males. And, the increased MDA (p= 0.001) levels were found when diabetic
females compared to non-diabetic females. When diabetic females compared to diabetic males, lower SOD (p=0.001) and GSH
(p= 0.05) levels were seen with the increase in MDA levels (p=0.05). However, insignificant CAT and NOS levels were found
when compared to diabetic males with diabetic females.

Conclusion: It is concluded that women are more likely to develop cardiovascular complications than men and therefore the

current study holds the evidence to put forward new insights towards the synthesis of more specific therapeutic targets.
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Introduction recorded 5% worldwide which increases up to 20% in
individuals of 80 years or above [1,2]. This is due to the

Diabetes mellitus is the most prevalent disease increasing level of fasting and postprandial glucose with age.
worldwide. The percentage of the chances of diabetes These ratios indicate the link between the altered peripheral
increases with age and initially, the prevalence has been or hepatic insulin sensitivity and changes in the function of
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pancreatic insulin-producing cells. Type 2 diabetes mellitus
is the most reported form of diabetes, which accounts for 85
to 90% of the total cases and is common among adults [2,3].

Depending on the gender differences, the prevalence of
type 2 diabetes mellitus is lower in women than in men [3,4].
When the women reach menopause the risk of type 2 diabetes
mellitus exceeds from 6 to 20%. Type 2 diabetes mellitus is
caused by the combination of insulin resistance and the loss
of the ability of pancreatic insulin-producing cells to produce
insulin. In- vivo studies reported the strong influence of
estradiol on glucose and insulin metabolism including the
increased capacity of pancreatic insulin-producing cells,
improvement in insulin sensitivity, hyperinsulinemia,
pancreatic cell apoptosis, improvement in the lipid effect
induced by insulin, and reduction in obesity [2,5].

The stress-induced by the combination of high fat and
high carbohydrate diet increases oxidative stress along with
a spike in lipid peroxidation products, protein carbonylation,
reduction in the antioxidant potential of the body, and low
glutathione levels. These types of alterations have become
the cause of obesity, cancer, diabetes, and cardiovascular
diseases (CVDs). Atherosclerosis is the main risk factor of
most of the diseases related to the heart. And oxidative stress
and inflammation are responsible for atherosclerosis [6,7].

At present, four diseases have become the cause of
worldwide fatality and mortality including, cardiovascular
diseases, Diabetes mellitus, Cancer, and Respiratory
syndromes. But cardiovascular diseases are the leading
cause of death [8,9]. Oxidative stress plays a vital role in
the development of CVDs. Prevalence can be seen in gender
differences in the case of CVDs, therefore, there is a need
to study the association between different genders and
oxidative stress and the involvement of those factors that
augment CVD risks.

Oxidative stress was higher reported in male rats than
in female rats. In contrast, another study exhibited a higher
incidence of biomarkers of oxidative stress in young males
than in the females of a similar age group. It was also reported
that the formation of reactive oxygen species was recorded
more in men rather than women. There is a strong research-
based analysis that indicates the greater antioxidant ability
in women than in men. Many of the studies supporting the
incidence of oxidative stress in women and men where
females are less vulnerable to oxidative stress [2,10,11].

It is evident that the risk of atherosclerosis is lower
in young females and the risk increases after menopause.
But in men, the risk of heart diseases exceeds rapidly.
For taking control of the increasing mortality rates due
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to heart diseases, it is very important to understand the
pathogenesis of atherosclerosis and concerning gender
differences [12]. Type 2 diabetes mellitus increases the risk
of cardiovascular diseases more in women than in men.
The research suggested that women have 27% more risk
of stroke and 44% increased relative risk of cardiovascular
diseases. The increased risk factor of diabetes and CVDs in
women is related to more weight gain among females than in
males. Thus, having a higher BMI which becomes the cause
of diabetes [6,13]. Therefore, depending on the medical
conditions the differences in genders play a significant role
when it comes to the selection of appropriate treatment and
therapies.

The present study aims to evaluate the gender-related
differences in oxidative stress which become the cause of
developing cardiac risk factors in the presence of diabetes
mellitus. Although not much research has been done in this
area. Here we further analyze the linkage between oxidative
stress in diabetes and gender differences in the development
of cardiovascular diseases.

Material and Methods

Place of work

The present study was a case-control study, carried out
from the year 2017-2018 in the department of Biochemistry,
Minhaj University, Lahore, and approved by the ethical
committee of Minhaj University, Lahore.

Subjects

The subjects in the present study included males (n=
100) and females (n=100), were taken written informed
consent. Males and females both were categorized into
control, n=30, and diabetics n=70, aged between 45 to 60
years. Each individual was subjected to written informed
consent. Diabetic men and women who have not any other
health complications and free from any type of medications
and met the current WHO diagnostic criteria for diabetes
i.e fasting plasma glucose level = 7mmol/l (126mg/dl)
or 2 hours plasma glucose = 11mmol/l (200mg/dl) were
included in the present study. And, individuals with HbAlc
greater than 6.2% were considered.

Methods

Venous blood sampling was performed obtaining 10ml of
blood by venipuncture in a vial containing no additives after
overnight 12 hours fast. The serum was extracted from blood
samples by centrifuging blood at 3000rpm for 15 minutes.
The serum was preserved at --20°C for further analysis of
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lipid profile (cardiovascular markers) and antioxidants
measurement.

Estimation of lipid profile parameters

Cardiovascular markers i-e serum TC, HDL-C, TG,
and LDL-C were determined using a commercial assay kit
(Randox® kit, Randox Laboratories, United Kingdom).

LDL-C =Total cholesterol - Triglycerides - HDL-C

Estimation of Superoxide Dismutase Activity

SOD assay refers to the method established by Kakkar,
et al. 1984. 0.5ml serum with 0.5ml trichloroacetic acid [
TCA,10%) was centrifuged at 13000 pm for 1O0minutes.
After collecting the supernatant [ 15pl) into a separate tube,
120ul sodium pyrophosphate buffer [ pH 8.3, 0.052M), 12
ul phenazine methosulphate [ 186uM), and 36ul nitroblue
tetrazolium [ 300uM) was added. To start the reaction, 24ul
of NADH solution [ 780uM) was added and the reaction
mixture was allowed to incubate at 37°C for 1.5 minutes.
After incubation for 90sec, the reaction was terminated by
adding 12ul of glacial acetic acid. To the mixture 400ul of
n-butanol was added and the mixture was stirred vigorously.
And, following incubation for ten minutes, the mixture was
centrifuged at 2000rpm for 5 minutes at 25°C. The upper
butanol layer was taken out and the color intensity of the
chromogen extract in the n-butanol was measured at 560nm
by spectrophotometer [14].

Estimation of Reduced Glutathione

Glutathione estimation employed the method of Beutler,
etal., 1963.0.5ml TCA [ 10%) was added to 0.5ml serum and
centrifuged for ten minutes. To the 40pl of supernatant, 150pl
of disodium phosphate buffer [ 0.03M, pH=7.4) was added.
Then, 25pl of 0.001M DTNB [ 5,5’-dithiobis [ 2-nitrobenzoic
acid)/ Ellman’s Reagent, freshly prepared, dissolved in 1%
sodium citrate) solution was added to the reaction mixture.
The reduction of DTNB with GSH produced a yellow complex
that was measured by a spectrophotometer at 412nm [15].

Estimation of Catalase

Catalase was estimated according to the method of
Sinha, et al, 1972. 360ul phosphate buffer [ 10mM, pH
7.0) was added in 40 pl serum and allowed to centrifuge
at 13000 rpm for 10 minutes at room temperature. 21pl of
supernatant mixed with 180pul of phosphate buffer [10mM,
pH 7.0). Afterward, 75 pl of 0.2M hydrogen peroxide [ freshly
prepared) was added to initiate the reaction. Then 360ul of
potassium dichromate acetic acid reagent was added to the
reaction composite and was incubated for ten minutes in
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boiling water. Then allowed to stand for cooling and optical
density was taken at 530nm [16].

Estimation of Malondialdehyde

Estimation of malondialdehyde refers to the method of
Ohkawa, et al., 1979. For this, 40pl serum was mixed with
360 pl phosphate buffers [10mM, pH 7.4). The mixture
was centrifuged at 13000 rpm. for 10minutes at room
temperature. 15pl of supernatant was mixed with 15ul SDS
[ 8.1%), 96ul TBA [ 0.8%), 96ul acetic acid [ 20%), and 18ul
distilled water. It was kept at 90°C for 60 minutes. Afterward,
60ul distilled water and 300ul n-butanol pyridine mixture
[ 15:1) were added, and the mixture was stirred violently
and centrifuged at 4000 rpm at 25°C for 10min. The upper
butanol layer was separated, and absorbance was taken at
532nm [17].

Determination of Endothelial Nitric Oxide
Synthase (NOS) Activity

This estimation is based on the conversion of L-arginine
to L-citrulline and nitric oxide by nitric oxide synthase and
then Nitric oxide was measured according to the method
of Cortas, et al,,1990. For this, 100ul of blood was added
into an incubation mixture containing 50 ul [50mM Tris-
hydro chloric acid, pH 7.4), 80ul 5mM NADPH, 30pul 100mM
arginine, and 20mM 50pl calcium “chloride. The reaction
mixture was kept in a shaking water bath for 20 minutes.
Afterward, nitric oxide was then measured by adding 500l
of NaOH [ 55mmol/L) and 400pl of 75mmol/L ZnSO, to the
reaction mixture. Following that, the reaction mixture was
centrifuged at 3000rpm for 15 minutes. To the supernatant,
ethylenediamine was added and the color intensity was
measured at 540nm [18].

Statistical Analysis

Statistical analysis was performed using a two-way
analysis of variance (ANOVA) followed by LSD (Least
Significant Difference) with the help of Microsoft Office Excel
2010 and IBM SPSS statistics for Windows versions 23. The
results were expressed in mean * SEM and in all cases, the
difference was considered significant when p < 0.05.

Results

Serum Lipid Profile in Diabetic and Non-
Diabetic Males and Females

Figure 1 shows the lipid profile of diabetic males and
females individuals. Statistical analysis of data by two-
way ANOVA showed insignificant effects of gender on total
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cholesterol and LDL-C F= 3.084 (p = 0.084) and F= 1.502
(p = 0.223) respectively. However, HDL-C and TGs showed
significant gender effects F= 11.6 (p= 0.001) and F= 8.156
(p= 0.005). Moreover, diabetes showed significant effects
(p=0.000) on total cholesterol (F=42.843), HDL-C (F=50.65),
LDL-C (F= 20.41) and on TGs (37.041). On the other hand,
gender x disease interaction (GSD) showed a significant effect
on HDL-C (F=13.01, p= 0.000). However insignificant effects
were observed in total cholesterol (F= 0.142, p= 0.624), LDL
(F=1.24, p=0.268) and TGs (F= 0.392, p= 0.533).
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Figure 1: Evaluation of lipid profile in Diabetic and non-
Diabetic male and female subjects. (A) Total Cholesterol
(TC), (B) Triglycerides (TGs), (C) High-density lipoprotein
cholesterol (HDL-C), (D) low-density lipoprotein-
cholesterol (LDL-C). The results are expressed as the mean
+ SEM. The results were analyzed by two-way ANOVA
followed by LSD (least significant difference) test. The
P-value < 0.05 was considered to be statistically significant.
The significance of the difference is indicated by *P <0.05,
*#¥p<0.01, ***p<0.001 when non-diabetic and diabetic
males were compared with respective diabetic and non-
diabetic females. And 1p<0.05, 11p<0.01, t1+p<0.001
when the diabetic group was compared with respective

non- diabetic controls.

Serum Oxidative Stress Markers in Diabetic and
Non-Diabetic Males and Females

Fig 2 shows significant effects of gender on SOD (F=
63.86, p=0.000), GSH (F=234.7, p= 0.000), MDA (F=106.487,
p=0.000) NOS (F= 4.280, p= 0.041, however, insignificant
effect on catalase (F= 0.188, p= 0.666) was observed. Effects
of disease were shown to be significant on SOD (F=105.909,
p=0.000), GSH (F= 552.46, p=0.000), MDA (F= 21.19,
p=0.000), catalase (F= 902.7,p=0.000) and NOS (166.72,
p=0.000). Interaction between G X D (gender x disease)
showed significant effects on SOD (F= 5.02 ,p= 0.027) and
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MDA (F= 15.75 ,p= 0.000 ) and non-significant effects were
observed in GSH, catalase and NOS (F=0.733, p=0.394), (F=
0.188 ,p=0.665 ) and F= 0.127, p= 0.722 ) respectively
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Figure 2: Evaluation of oxidative stress in diabetic and
non-diabetic male and female subjects. (A) SOD, (B) GSH,
(C) MDA, (D) CAT, (E) NOS. The results are expressed as
the mean + SEM. The results were analyzed by two-way
ANOVA followed by LSD (least significant difference)
test. The P-value < 0.05 was considered to be statistically
significant. The significance of the difference is indicated
by *P <0.05, **p<0.01, ***p<0.001 when non-diabetic and
diabetic males were compared with respective diabeticand
non-diabetic females. And 1p<0.05, +1p<0.01, t+11p<0.001
when the diabetic group was compared with respective
non- diabetic controls

Discussion

Antioxidants in plasma and cells are free radical
scavenging molecules and enzymes that can prevent the
cells from deleterious effects of free radicals [10,19]. It
is confirmed by several studies that oxidative stress is
associated with hyperlipidemia and hyperglycemia that
deals with the complications in diabetes mellitus [20,21].
However, the gender-based and oxidative stress-related
complications in type Il diabetes in the progression of
cardiovascular diseases is still questionable. To the best of
our knowledge, the present study was conducted for the
first time on Pakistani males and females of central Punjab
to investigate the gender-based changes in diabetes mellitus
that lead to cardiovascular complications. The results of
the present study indicate the increased oxidative stress
in diabetic males and females compared to non-diabetic
controls, which is represented by the marked reduction in
superoxide dismutase and reduced glutathione in diabetic
females. These results show a similarity with the experiments
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reported that the reduced activity of SOD is associated
with the ROS-induced compensatory efforts in the subjects
exposed to the oxidative stress [1,22,23].

These conformational changes in SOD could result from
intermolecular and intra-molecular cross-linking of proteins
that may accumulate H202 and favors lipid peroxidation
and ultimately leads to atherosclerosis and cardiovascular
complications [24]. Additionally, diabetic females were
shown to have low SOD activity and reduced glutathione
levels than diabetic male subjects. Similar to our finding’s
other investigations on Arabs of Kuwait population reported
higher levels of reactive oxygen species in females than males.
Chen, et al, [ 2011] reported higher SOD in the brain and
lung of female mice but non-significant changes in kidneys
and heart of female and male mice [25]. One study had
reported no gender-based relationship between. n mRNA
expressions of SOD2 [26,27]. This suggests that there is no
uniform consensus exists in SOD levels of males and females.

In line with oxidative stress, present results show
increased TC in diabetic males and females compared to non-
diabetic controls. However, female diabetic subjects showed
a comparative increase in TC than diabetic male subjects.
Other studies reported that the increase in circulating
lipids and oxidation products of proteins can be used as a
marker of developing complications in poorly controlled
type 2 diabetes mellitus [28,29]. Also, the increased TGs in
controls and diabetic females compared to their respective
controls in the present study reflects a close association
between increased oxidative stress in females compared to
males. These results confirm that women are at high risk
of developing cardiovascular complications as a result of
an increase in lipid oxidation products in the presence of
diabetes mellitus than men. These results are consistent
with findings reported earlier that increased oxidative
stress is associated with an increased risk of developing
cardiovascular diseases more in women than men [30,31].
Paradoxically, clinical and preclinical studies conducted
earlier had reported higher oxidative stress in men than in
women [32,33]. According to another study, vascular cells
from males were found to have higher ROS compared to
the cells obtained from females [10]. These gender-related
discrepancies may also pinpoint the role of the immune
response in the progression of atherogenic events and
growing evidence suggests that women are at increased risk
of autoimmune and inflammatory diseases [34-36].

The data shows increased LDL cholesterol in diabetic
females compared to male diabetics. Further, LDL and HDL-C
showed a marked increase and decrease [respectively] in
diabetic males and females compared to controls (males
and females). Several studies have reported the incidence
of insulin resistance hypertriglyceridemia and low plasma
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HDL in diabetes as the major risk factors in the etiology
of coronary heart diseases [37,38]. A study on the Asian
population of Pakistan has shown increased LDL-C and low
HDL-C in women than men. It was suggested that abdominal
obesity is associated with cardiac heart disease [39]. Another
study conducted earlier on the urban population of India has
reported that the LDL-C did not, but the levels of HDL-C and
TC increased in premenopause women than men of similar
age. High levels of TGs and lipoproteins have been considered
as the major risk factors in women than men [40,41].

Moreover, additional data in the current study on
malondialdehyde showed a significant increase in diabetic
females compared to non-diabetic females. Similar studies
reported diabetic females with complications had increased
MDA levels compared to male patients associated with
acute myocardial infarction [42-44]. An increase in lipid
peroxidation in obesity is related to mitochondrial and
electron transport chain dysfunction in diabetes mellitus
that is considered as the major cause of cardiovascular
complications [45,46]. Also, for females, the endocrine
system follows an oscillating and complex profile therefore
there exists a typical gender difference in fats accumulation,
lipolysis, and other metabolic oxidation-reduction pathways.
Honour, [ 2018] reported that the age-related differences in
glutathione and malondialdehyde [MDA] levels in females
could be due to menopause that is associated with the
reductioninestrogenlevelsand theincreased gonadotrophins
and other hormones [47]. Evidence proved that at high
concentration estrogen had antioxidant properties but
generated pro-oxidant characteristics at low concentration
due to its catechol effects [48]. According to underlying
causes, women are at high risk of developing cardiovascular
complications. This indicates the development of multiple
feedback mechanisms to overcome such uncertain metabolic
status in women.

In addition to this, gene expression of SOD and
glutathione peroxidase had been proposed to be estrogen-
dependent whereas catalase did not [10,27]. These reports
support present results showing a reduction in catalase
activity in diabetic males and females compared to the non-
diabetic controls, but changes remained insignificant when
diabetic males were compared to diabetic females. Our
findings show a similarity with other studies, reported by
Barp ], etal [32,33]. Moreover, one study reported no change
in catalase activity in the brain, heart, and lungs but higher in
the kidneys of females [25].

Our present study shows a remarkable reduction in nitric
oxide synthase levels in diabetic males and females compared
to non-diabetic controls. Experimental evidence confirmed
anintactvascular endothelium inhibits atherosclerosis under
physiological conditions and prediabetic rats were reported
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to have incomplete vascular endothelium and broken
internal elastic fibers [49,50]. Further, NOS expression was
induced by lipopolysaccharides and cytokines that increased
NO production in large amounts [51,52]. Experimental
studies on animal models have reported that the nitric
oxide synthase inhibitors reduced inflammation by altering
its expression patterns [53,54]. Moreover, ROS oxidizes
tetrahydrobiopterin which is a cofactor of NOS that leads to
the uncoupling of eNOS and starts to produce free radicals
instead of NO and elevates endothelial dysfunction [55].

It is worth mentioning that the diabetic women of the
Pakistani population might be at a major risk of developing
cardiovascular complications than men but the estrogen
levels and other endocrinological changes in premenopause
women might have some protective role. There may be
an additional role of the gender-specific differences in
the immune system that attributes to play a major role
in diabetes-induced cardiac complications. Although the
present study lacks the gender-based risk factors associated
with hormonal changes and the immune system involving in
the progression of diabetes-induced cardiac complications.
The study may contribute to the first step towards the
unveiling of gender-specific ROS-mediated changes in
diabetes mellitus in the progression of cardiovascular risks
in the Pakistani population. Further, the present study may
contribute to the development of more specific targeted
therapies.

Conclusion

Itis concluded that diabetic women are more susceptible
to develop cardiovascular complications than diabetic men.
However, the present study holds evidence to put forward
the new insights towards the synthesis of more specific
therapeutic targets.
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