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Abstract: Presence of systemic inflammation is a hallmark of variety of
pathophysiological such as hypertension, atherosclerosis, myocardial infarction and
inflammatory joint diseases. Although previous evidences provided extensive
literature about the low grade inflammation in Type 2 diabetes mellitus (T2DM), there
is a paucity of satisfactory explanation regarding the alteration in the level of nitric
oxide along with marker of systemic inflammation and lipid peroxidation in Type 2
DM patients. Therefore, the objective of present study was to estimate the level of Creactive protein (CRP), malondialdehyde (MDA) and nitric oxide (NO) in T2DM
patients and to determine its relation with future risk of atherosclerosis. 40 patients of
either sex (35-50 years age group) suffering from T2DM and 40 normal healthy
individuals served as control; were included in the study. Above mentioned parameters
were estimated using standard methods and data from patients and controls were
compared by using Student’s t-test and Pearson co-relation coefficient. In addition to
hyperglycemia, erythrocyte MDA and plasma CRP levels were significantly high in
T2DM subjects (P<0.001 & P<0.05) whereas plasma NO level was found to be
significantly low (P<0.001) as compared to healthy controls and negative correlated
with MDA and CRP levels (p<0.05). These findings suggest that collective effect of
inflammation and oxidative stress on endothelial dysfunction plays a crucial role in the
development of future atherosclerosis in T2DM, characterized by low nitric oxide
levels and enhanced CRP and MDA levels. Thus, these markers should be monitored
regularly in T2DM patients for early detection and adoption of preventive strategy
against cardiac complications.
Keywords: Oxidative stress, endothelial dysfunction, lipid peroxidation, C-reactive
protein.

INTRODUCTION
Diabetes mellitus (DM) is a major health
concern of the developing nations and accounts for the
5% deaths around the world annually [1]. DM is
considered as a coronary heart disease (CHD)- risk
equivalent and frequently associated with various other
cardiovascular (CV) risk factors including hypertension.
With T2DM, there is an increase in hypertension risk
which is mostly attributable to vascular endothelial
dysfunction [2,3].
Moreover, risk factors for developing diabetes,
such as obesity, physical inactivity, smoking, dietary
habits, psychological stress and infections, are
considered to be activators of the innate immune system
that induce a state of inflammation[4]. C-reactive
protein (CRP), a marker of systemic inflammation and
synthesized in liver, has been received considering
attention in hyperglycemia and various aging associated
disorders including diabetes mellitus. Previous studies
Available online at http://saspublisher.com/sjams/

have demonstrated an association between diabetes
progression and inflammation as measured by plasma
C-reactive protein [5,6].
Nitric oxide (NO) is a powerful endothelium
derived vasodilator, produced from the precursor Larginine in all human body cells. It takes part in blood
pressure control, inhibits mast cells degranulation,
possesses anti-aggregant properties, and regulates
vascular tone. It also inhibits both proliferation of
smooth muscle cells and adhesion of leukocytes and
platelets [7,8]. Reduction in NO levels plays a crucial
role in the development of cardiac complications.
Oxidative stress has been considered to be a
pathogenic factor of diabetic complications including
CHD. The intensification of free-radical reactions in
patients with type 2 diabetes was a factor responsible
for the development of vascular changes [9,10].
Amongst various free radicals mediated destructive
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events, lipid peroxidation is a free radical mediated
process in which the polyunsaturated fatty acids
The measurement of plasma NO is difficult
contained in the LDL or present in the cell membrane
because this radical is poorly soluble in water and has a
are degraded to variety of aldehydes mainly
short half-life in tissue (10-60 s), but its half-life may be
malondialdehyde (MDA). These aldehydes may alter
as long as 4 minutes in the presence of oxygen. For
endothelial function and inhibit NO synthase activity
these reasons, the end products of the phenomenon,
leading to the development of hypertension [11].
nitrate and nitrite, are preferentially used in clinical
biochemistry. Plasma total nitrate and nitrite levels were
Although limited information is available on
measured with the use of Griess reagent as described
systemic inflammation in the patients with T2DM,
earlier [13].
alteration in serum CRP levels along with marker of
endothelial dysfunction and oxidative stress in T2DM
Erythrocyte malondialdehyde (MDA) levels
patients at a single platform is still not documented.
were measured as thiobarbituric acid reactive
Therefore, the objectives of the present study were to
substances, after preparation of hemolysate. The heat
estimate serum CRP, and nitric oxide levels along with
induced reaction of malondialdehyde (MDA) with thio
erythrocyte MDA in patients with T2DM and to
barbituric acid (TBA) in the acid solution forms a
determine its relation in prediction of hypertension risk.
trimethine coloured substance, which is measured
spectrophotometrically at 532 nm [14].
MATERIALS & METHODS
In the present study 40 patients of either sex
STATISTICAL ANALYSIS
with diabetes mellitus belonged to age group 35-50
The data from both the study group subjects
years and 40 age matched healthy individuals, served as
and controls were expressed as Mean ± SD and
control, were taken. A general information or precompared by using Student’s t-test and Pearson
experimental questionnaire regarding demographic
correlation coefficient test (r).
information, family history and limited physical
examination including blood pressure measurement was
RESULTS
completed in all the subjects after taking their informed
In the present study, abnormalities in
consent and approval of protocol by ethics committee of
biochemical markers such as glycemic profile,
college.
erythrocyte MDA, plasma CRP and nitric oxide levels
in study group subjects are represented in Table 1.
Fasting and postprandial blood glucose levels were
Inclusion criteria
The inclusion criteria adopted were: age 35-50
significantly high (P< 0.001; 79.43 and 105.32% high)
years, newly diagnosed and untreated cases of T2DM.
in patient group as compared to healthy controls.
Diabetes mellitus was diagnosed by following the
Similarly, erythrocyte MDA and plasma CRP levels
American Diabetes Association criteria 2015 [12].
were significantly high (P< 0.001, 38.15% and 28.5%
high) in T2DM patients as compared to healthy controls
whereas plasma nitric oxide level was significantly low
Exclusion criteria
Patients suffering from cardiovascular disease,
(p<0.05; 26.8% low) in T2DM patients which
hepatic disease, tuberculosis, renal disease and taking
authenticated the fact that assessment of oxidative stress
drugs like steroid, amiodarone, lithium, antioxidant
and systemic inflammation along with marker of
vitamin supplement or non-steroidal anti-inflammatory
endothelial dysfunction may be an important
drugs, antihypertensive drugs and other medications
determinant for future cardiac complication in T2DM
were excluded from the study.
patients. In addition, after performing correlation
coefficient analysis of plasma NO levels with
Fasting blood samples were collected in
erythrocyte MDA, plasma CRP and fasting blood
fluoride and EDTA vials from the anticubital vein of
glucose levels, it was observed that endothelial
the study group subjects and processed immediately.
dysfunction was inversely correlated with oxidative
Fasting and postprandial blood glucose levels were
stress, systemic inflammation and hyperglycemia
estimated by hexokinase method (Beckman coulter,
(p<0.05; r = -0.532; -0.605 and -0.498) in diabetic
USA). Plasma CRP levels were measured using
patients as presented in Table 2.
commercially available ELISA kits (R&D Systems,
USA), according to manufacturer’s instructions.
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Table-1: Glycemic profile and markers of oxidative stress, systemic inflammation and endothelial dysfunction in
study group subjects (Mean  SD)
Control Group
Patient group
Level of
Sl.No.
Particulars
(n=40)
(n=40)
Significance
Fasting Blood
1.
85.16± 7.82
152.80± 40.35***
p < 0.001
Glucose (mg/dl)
Post Prandial Blood
2.
128.2± 10.8
263.22± 48.5***
p < 0.001
Glucose (mg/dl)
CRP
3.
3.27± 0.11
4.20± 0.14***
P < 0.001
(mg/L)
Malondialdehyde
4.
2.76± 0.12
3.81± 0.16***
P < 0.001
(µmol MDA/ml)
NO level
5.
8.34± 2.1
6.11± 1.8**
P < 0.05
(µ mol/L)
Where,
* p<0.1: Non-significant
** p<0.05: Significant
*** p<0.001: Highly significant
Table-2: Correlation coefficient (r) between Nitric oxide (NO) and various biomarkers in T2DM patients
Particulars
MDA
CRP
FBS
Nitric oxide
- 0.532 **
+ 0.605**
+ 0.498**
where,
*p<0.1: Non-significant
** p<0.05: Significant
DISCUSSIONS
Despite significant progress in diagnosis,
treatment and prevention, diabetes particularly
continues to remain the leading cause of cardiovascular
complications and represents global socioeconomic
burden. It has now been proved that oxidative stress is
increased in patients with diabetes owing to increase in
free radical production [15]. Involvement of free
radicals in membrane damage via lipid peroxidation and
its resultant products such as lipid radicals (L◦), lipid
peroxides (LOO◦), lipid hydroperoxides (LOOH) and
highly reactive aldehydes plays a crucial role in the
development and progression of inflammatory and age
related disorders including diabetes[16,17]. Free
radicals via lipid peroxidation play an etiopathogenic
role in the development of T2DM and its related cardiac
complication as obvious in the findings of present study
[18]. Marked elevated levels of malondialdehyde (i.e.
marker of lipid peroxidation) were observed in patient
group (P<0.001) as compared to healthy control along
with its negative correlation (p<0.05) with nitric oxide
levels which reflect the role of oxidative stress in
making diabetic patients more susceptible to develop
endothelial dysfunction followed by cardiac
complications. Our findings were in concordance with
the findings of Nandkeoliar et al. According to them,
lipid peroxides are toxic to the cellular components and
lipid peroxidation may be responsible for vascular
disorder in T2DM patients [19].
It has been reported that vascular cell
apoptosis and inflammatory necrosis are caused by
increased oxidative stress through ischemia-reperfusion
in diabetes. Moreover, inflammation medicated free
Available online at http://saspublisher.com/sjams/

radicals and their intermediates plays a crucial role in
inducing inflammatory disorders by promoting various
culprit events such as activation of proteolytic enzymes,
reduction of antioxidant reserves in body fluid,
induction of lipid peroxidation and inhibition of
glycolytic enzymes[20,21]. In the present study, plasma
CRP levels were found to be significantly high
(p<0.001) in T2DM patient which clarify the combined
role of inflammation and oxidative stress not only in
inducing endothelial dysfunction but also in the
etiopathogenesis of T2DM and its related cardiac
complications. Similar findings have been documented
in T2DM patients suggesting that inflammation not
only plays a crucial role in the development of cardiac
complications but also considered as its risk factor as
well [22-24].
CONCLUSION
In conclusion our study shows that plasma
CRP and MDA levels are inversely related to
endothelial dysfunction which plays an etiopathological
role in the development of cardiac complication in
diabetic patients. The present study also authenticates
that malondialdehyde and CRP along with NO levels
may be an excellent marker of oxidative stress and
inflammation mediated endothelial dysfunction in
diabetic patients. Furthermore, our study suggests that
the routine blood sugar monitoring and its management
along with consumption of diet rich in antioxidants are
essential for diabetic patients in order to combat the
deleterious effect of hyperglycemia mediated oxidative
stress and its associated future cardiac complications.
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