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Abstract:
Much research has been done regarding the role of free radicals in various diseases and role of antioxidants in
prevention of disease. Diabetes mellitus is known to be associated with oxidative stress. Oxygen free radicals
have been implicated in pancreatic beta cell damage and genesis of diabetes as well as in pathogenesis of its
complications like nephropathy, retinopathy and neuropathy. The study is to evaluate lipid peroxidation and
antioxidant status in Non-insulin dependent diabetes mellitus (NIDDM) and to assess the same between
NIDDM subjects with and without complications. Degree of lipid peroxidation in terms of serum
malondialdehyde (MDA), by thiobarbituric acid method, along with antioxidant defences, erythrocyte
superoxide dismutase (SOD), reduced glutathione (GSH) and serum vitamin C was estimated in healthy controls
and NIDDM subjects with and without complications. Fasting blood glucose was also measured. 35 healthy
controls, 49 NIDDM subjects without complication and 40 NIDDM subjects with complication were studied.
The mean MDA levels in controls, NIDDM without complications and NIDDM with complication were 3.83
 0.26 nmol/ml, 4.73  0.51 nmol/ml and 5.64  0.50 nmol/ml and Vitamin C levels were 1.58  0.10 mg/dl,
0.89  0.20 mg/dl and 0.67  0.07 mg/dl respectively. Lipid peroxidation was significantly raised in NIDDM
patients with complications than in NIDDM patients without complications and in control subjects. The mean
SOD, GSH, Vit C levels were significantly lowered. These changes are correlated with the glycemic levels and
were of a higher magnitude in poorly controlled diabetics. The results suggest that the antioxidant deficiency
and excessive peroxidation damage appear very early in NIDDM, well before the development of
complications. Therapeutic measures to increase antioxidants and control lipid peroxidation are warranted for
effective control of its complications.
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Introduction:
In diabetes mellitus there is an imbalance
in the antioxidant protective mechanism,
leading to oxygen stress in the cells. Toxic
oxygen derived products are generated in
all aerobic cells which include superoxide
radical (O–2), hydrogen peroxide (H2O2)
and hydroxyl radical (OH–), the latter
being the most lethal.[1]
All biomolecules may be attacked by free
radicals, but lipids are the more
susceptible. The human cells are abundant
and rich sources of PUFA, hence are
readily attacked by oxidizing radicals by a
process known as lipid peroxidation to
form lipid peroxides. This is a self
perpetuating chain reaction and highly
damaging.[2] One of the most important
intracellular antioxidant substances is an
enzyme, superoxide dismutase which
scavenges free radicals by converting the
harmful superoxide ion into stable
hydrogen peroxide. Ascorbic acid’s role as
an antioxidant is indicated by its known
free radical scavenging action. As a
reducing and antioxidant agent, it directly
reacts with O–2 and OH and various lipid
hydroperoxides. As an antioxidant,

Vitamin C exerts a sparing effect on the
antioxidant actions of Vitamin E and
selenium.[3]
Glutathione in erythrocyte exists in
reduced form (GSH). GSH serves as both
a nucleophile and an effective reductant by
interacting with numerous electrophilic
and oxidizing compounds such as H2O2,
O–2 and OH. Reduced glutathione readily
interacts with free radicals, notably
hydroxyl and carbon radicals, by donating
a hydrogen atom. Such reactions can
provide protection by neutralizing reactive
OH, which is considered a major source of
free radical damage.[4] Tare RS and coworkers illustrated the prevalence of
oxidative stress in diabetes by a highly
significant increase in concentration of
MDA and diminished activity of SOD in
comparison to the control subjects. MDA
exhibited a positive correlation with
fasting blood sugar and glycosylated
hemoglobin emphasizing the phenomenon
of
antioxiditive
glycosylation
of
proteins.[5]
Hyperglycemia and oxidative stress has
been recognized as cardinal features of
diabetes. Hyperglycemia causes glucose
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dependent chemical alterations in body
proteins (non-enzymatic protein glycation)
responsible for changes in protein structure
and function, contributing to the
pathophysiology of diabetes and its
complications.
The present study aims to assess the lipid
peroxidation and antioxidant status in noninsulin dependent diabetes mellitus
(NIDDM) and also their correlation to
glycemic control and development of 20
complications.
Materials and methods:
The present study was conducted on 24
subjects NIDDM patients and control
subjects. 35 control subjects who were
healthy non-smokers and non-alcoholics at
the time of study and 89 NIDDM patients
who were on treatment were studied. The
selected subjects included both males and
females in the age group of 40-65 years.
Among the NIDDM patients, 49 were
without any complications and 40 were
with microvascular complications like
Retinopathy,
Peripheral
neuropathy,
Nephropathy and both Retinopathy and
Peripheral neuropathy. NIDDM patients
with infectious diseases, smokers and
alcoholics were all excluded from this
study.
Overnight fasting blood sample was
collected for estimation of fasting blood
glucose, serum MDA, serum ascorbic acid,
erythrocyte SOD and reduced glutathione.
Fasting blood glucose was estimated by
O-Toluidine method.[6] Serum MDA was
estimated by Thiobarbituric acid (TBA)
method, in which one molecule of MDA
reacts with two molecules of TBA and
yields a pink crystalline pigment which is
measured at 535 nm.[7] Serum ascorbic
acid was estimated by 2,4 – dinitrophenyl
hydrazine (DNPH) method in which
ascorbic acid is oxidized by copper to form
dehydroascorbic acid, which when treated
with DNPH and sulfuric acid forms
orange colour which is measured at 520
nm.[8] Blood reduced glutathione was
estimated by 5,5 dithiobis – 2 –
nitrobenzoic acid (DTNB) method. DTNB

is readily reduced by sulphydryl
compounds, forming a highly coloured
yellow anion. Optical density is measured
at 4.12 nm.[9] Superoxide dismutase in
hemolysate was estimated using Nitroblue
Tetrazolium (NBT). Illumination of
riboflavin in the presence of oxygen and
electron donors like methionine or EDTA
generates superoxide anion. The reduction
of nitroblue tetrazolium by O2– was
followed
at
560
nm
using
a
spectrophotometer.[10]
Statistical analysis:
All the values are expressed as their Mean
 S.D. Data were subjected for analysis
using unpaired‘t’ test, for comparison
between two groups and Oneway ANOVA
(F-test) for multiple group comparison.
Results:
It is evident from the Table 1, that there is
a highly significant (p < 0.001) increase in
FBS and MDA levels in NIDDM patients
with complications than in NIDDM
patients without complications and in
controls. There is a highly significant (p <
0.001) decrease in vitamin C, GSH and
SOD
in
NIDDM
patients
with
complications than in NIDDM patients
without complications and in control
subjects.
It is evident from the Table 2, that there is
a highly significant (p < 0.001) increase in
FBS and MDA in NIDDM patients with
more than one complications when
compared with NIDDM patients with one
complication and NIDDM patients without
any complications. There is a highly
significant (p < 0.001) decrease in Vitamin
C, GSH and SOD in NIDDM patients with
more than one complication when
compared with NIDDM patients with one
complication and NIDDM patients without
any complications.
As shown in Table 3, it is evident that in
NIDDM patients, the mean MDA level
increases with poorly controlled blood
glucose level. On the other hand the mean
Vitamin C, GSH and SOD levels decrease
with uncontrolled blood glucose level.
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Table 1: Comparison of FBS, MDA, Vit C, GSH and SOD between controls, NIDDM with
complications and NIDDM without complications
Groups
Controls (I)
NIDDM without
complications (II)
NIDDM with
complications (III)
I versus II
I versus III
II versus III

No. of
cases
35
49

FBS
(mg/dl)
97.7  5.7
207.0  21.2

MDA
(nmol/ml)
3.83  0.26
4.73  0.51

Vit. C
(mg/dl)
1.58  0.10
0.89  0.20

GSH
(mg/dl)
54.6  3.25
48.6  2.49

SOD
(U/ml)
5.16  1.03
3.91  0.49

40

258.1  20.7

5.64  0.50

0.67  0.07

44.9  1.81

3.48  0.27

p < 0.001
p < 0.001
p < 0.001

p < 0.001
p < 0.001
p < 0.001

p < 0.001
p< 0.001
p< 0.001

p < 0.001
p< 0.001
p < 0.001

p< 0.001
p < 0.001
p< 0.001

Table 2: Comparision of FBS, MDA, Vit. C, GSH and SOD between NIDDM without
complications and NIDDM with different complications
Groups

No. of
cases
49

NIDDM without
complications (II)
NIDDM
with
10
retinopathy
(III a)
NIDDM
with
11
Peri. Neuropathy
(III b)
NIDDM
with
10
Nephropathy
(III c)
NIDDM
with
9
retinopathy and
Peri. Neuropathy
(III d)
II versus III a
II versus III b
II versus III c
II versus III d

FBS
(mg/dl)
207.0  21.2

MDA
(nmol/ml)
4.73  0.51

Vit. C
(mg/dl)
0.89  0.20

GSH
(mg/dl)
48.6  2.49

SOD
(U/ml)
3.91  0.49

255.8  13.7

5.65  0.21

0.71  0.06

45.2  1.59

3.56  0.25

249.6  17.2

5.60  0.19

0.67  0.08

45.8  1.73

3.63  0.22

250.3  12.1

5.73  0.20

0.68  0.07

44.8  1.51

3.49  0.29

279.9  25.1

5.59  1.02

0.61  0.06

43.5  1.89

3.21  0.21

p < 0.001
p < 0.001
p < 0.001
p < 0.001

p < 0.001
p < 0.001
P < 0.001
p < 0.001

p < 0.05
p < 0.01
p < 0.01
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001

p < 0.05
N.S.
p < 0.05
p < 0.001

Table 3: Analysis of MDA,
glycemic control
Groups
No. of
cases
A
18
B
45
C
26
F – value
p – value
Groups A – FBS < 200 mg/dl

Vit. C, GSH, SOD in NIDDM patients depending on the
MDA
(nmol/ml)
4.29  0.33
5.18  0.48
5.66  0.59
41.7
< 0.001

Vit. C
(mg/dl)
1.04  0.27
0.78  0.12
0.65  0.05
43.3
< 0.001

B – FBS 200 – 250 mg/dl

Discussion:
Free radical mediated cytotoxic process of
lipid peroxidation appears to have a role in
development of the multifactorial disease,
diabetes mellitus. The role of oxygen free

GSH (mg/dl)
50.7  1.7
46.8  2.2
44.5  1.6
54.0
< 0.001

SOD
(U/ml)
4.17  0.41
3.71  0.44
3.43  0.23
19.4
< 0.001

C – FBS > 250 mg/dl

radicals in diabetes and its complications
is being propagated and the weight of
supporting evidence is steadily increasing.
In diabetes mellitus there is an increase in
the rate of production of free radicals and
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H2O2 due to the autoxidation of glucose. It
is known that chronic hyperglycemia leads
to glycosylation of proteins like Hb which
could also lead to the formation of free
radicals because of autoxidation of the
Amadori products. In poorly controlled
diabetes mellitus, glucose oxidation
through the pentose phosphate pathway
leads to an excessive formation of
NADPH, which in turn can promote lipid
peroxidation in the presence of
cytochrome
P-450
system.
Oxyhemoglobin in erythrocytes could act
like cytochrome
P-450 in the presence of NADPH and this
could
induce
increased
lipid
peroxidation[11].
According to Ranjini K. Sundaram et al.,
lipid peroxidation was significantly raised
within the first 2 years of diagnosis. MDA
was significantly elevated in NIDDM and
appeared to be associated with the
multiplicity of complications[12]. In our
study, mean MDA level in NIDDM
patients increased progressively with the
increase in blood glucose level. MDA
levels have a positive correlation with
increase in blood glucose levels. Similar
findings have been reported by many
workers, Sushil K. Jain et al.,
Gallou G.et al[13].
The mean MDA level is elevated in
NIDDM patients with complication when
compared to NIDDM patients without any
complications and in control subjects.
MDA concentration was significantly
higher in type - 2 diabetes than in control
and
also
increased
in
patients
macroangiopathy than patients with no
vascular complications[14].
A likely explanation for a lower Vitamin C
status in diabetics is that ascorbic acid is
actively transported into the cells in its
partially oxidized form as dehydroascorbic
acid, which is promptly converted to
ascorbic acid within the cell. The carrier of
ascorbic acid transport serves also to
transport glucose and is inhibited in
transporting ascorbic acid by the
hyperglycemia of diabetics[15]. The

carrier number is also subject to increase
by insulin and is believed to be low in
diabetics.
Increased antioxidative glycosylation of
hemoglobin may lead to imbalanced
generation of free radicals like superoxide,
thereby causing depletion of SOD which
quenches it. Diminished activity of SOD
points out to an exhausted antioxidant
reserve which further exacerbates the
oxidative stress. Excessive peroxidation is
associated with reduced SOD activity in
diabetes. Loss of SOD activity in the
erythrocytes appear to be a function of the
duration of diabetes. SOD, inhibited by
glycosylation, is lowered in poorly
controlled diabetes mellitus. Due to the
absence of protein synthesizing machinery
in the erythrocytes, the inactivation SOD
by glycosylation may be dominant factor
in the loss of SOD activity observed. SOD
deficiency is seen within 2 years of the
detection of NIDDM and further these
development of complications[16].
In diabetic subjects, the increased sorbitol
synthesized caused NADPH depletion,
which when deficient, limits the reduction
of GSSG to GSH. Therefore, a major
decrease in GSH may profoundly impair
free radicals scavenging activity, resulting
in exacerbated cell damage after exposure
to free radical generated by glucose
autoxidation. The levels of glutathione are
regulated by glutathione peroxidase and
glutathione reductase. The decreased
activity of glutathione reductase in
diabetics together with the decreased
transport rate of GSSG indicates that
regeneration and transport systems, which
decrease intracellular GSSG, are impaired
in diabetics, when erythrocytes are
exposed to oxidative stress[17].
Conclusion:
Therapeutic
measures
to
increase
antioxidants and control lipid peroxidation
are warranted for effective control of
complications. From the observations
reported, it may be concluded that
antioxidant deficiency and excessive
peroxidative damage appear very early in
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NIDDM, well before the development of
complications.
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