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GLYCOSYLATION AND ROLE OF OXIDATIVE STRESS IN TYPE-2 DIABETES MELLITUS
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ABSTRACT
New findings on organization of blood cell cytoskeleton represent an exciting aspect of modern cell biology
and hematology, which is an interesting investigation to study diabetes. The present study was undertaken in
150 subjects. Out of these, 30 subjects were controls (Group I) and 30 were type-2 diabetics without any
complication (Group II), while remaining 90 subjects were type-2 diabetics with complication (Group III). We
determined erythrocyte spectrin and hemoglobin glycosylation and also estimated plasma lipid peroxide,
nitric oxide and erythrocyte glutathione peroxidase activity to assess the status of oxidative stress.
There was a significant increase in spectrin (P < 0.001) and hemoglobin (P < 0.001) glycosylation in Group II
and III as compared to Group I and spectrin glycosylation was nearly three times more as compared to
hemoglobin, whereas plasma levels of lipid peroxide (P < 0.001) as well as nitric oxide (P < 0.001) were found
to be significantly increased and GPx activity (P < 0.001) was significantly decreased in Group II and III as
compared to Group I. However, it was also observed that spectrin (P > 0.05) and hemoglobin (P > 0.05)
glycosylation was not significantly different in Group II and III. In contrast, there was significant rise in lipid
peroxide (P < 0.001), nitric oxide (P < 0.001) and fall in GPx activity (P < 0.001) in Group III when compared
to Group II. Increased erythrocyte protein glycosylation and oxidative stress is clearly evident from our study.
However, to understand the exact interplay between these two mechanisms, further studies are required.
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De novo oxidative damage, a result of increased protein
glycosylation could participate in the mechanism, whereby
diabetic erythrocytes may acquire membrane abnormalities
(3). Spectrin is a very important protein of erythrocyte
membrane and a target for glycosylation and further oxidation,
which might be responsible for increased number of poorly
deformable erythrocytes found among diabetic erythrocytes
(4, 5). Enhanced glycosylation by elevated glucose
concentration may induce the formation of oxygen derived
free radicals through protein glycosylation, which releases early
and late glycosylation end products, contributing to
enhancement of oxidative stress (6). Both protein glycosylation
and protein oxidation are biochemical alterations occurring in
diabetes (7). Under physiological conditions, autooxidation of
glucose leads to hydrogen peroxide, reactive oxygen species
and reactive ketoaldehydes, which modify the cellular proteins
leading to their fragmentation by free radical mechanism. This
protein fragmentation is inhibited by antioxidants confirming
that tissue damage associated with diabetes has an oxidative
origin (8). Evidence has accumulated indicating that the
generation of reactive oxygen species (oxidative stress) may

INTRODUCTION
Chronic elevation of plasma glucose causes many
complications in diabetes mellitus. People with type-2 diabetes
mellitus develop characteristic microvascular complications
such as retinopathy, nephropathy and neuropathy. There is
also an increased risk of macrovascular complications such
as cardiovasculopathy, cerebrovasculopathy and peripheral
vasculopathy (1). A variety of hematological abnormalities are
seen in diabetes. These include increased erythrocyte
aggregation, decreased deformability of erythrocytes,
increased platelet aggregation, and adhesion predisposed to
sluggish circulation, endothelial damage and focal capillary
occlusion (2).
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play an important role in the etiology of diabetic complications.
This hypothesis is supported by evidence that many
biochemical pathways strictly associated with hyperglycemia
(glucose autooxidation, polyol pathway, prostanoid synthesis,
protein glycosylation) can increase production of free radicals.
A rational extension of this proposed role of oxidative stress
is the suggestion that the different susceptibility of diabetic
patients to microvascular and macrovascular complications
may be related to endogenous antioxidant status (9).  Diabetes
causes dyslipidemia and increases susceptibility to lipid
peroxidation (10). Nitric oxide, a free radical produces diverse
cellular responses, both beneficial and detrimental (11). To
counteract the harmful effects of free radicals, antioxidant
defense mechanism operates to detoxify or scavenge these
free radicals (12). Glutathione peroxidase (GPx) is one of the
important enzymatic antioxidants.

Therefore, the present study was carried out to understand
the interplay among oxidants such as lipid peroxide and nitric
oxide and the antioxidant GPx, along with the glycosylation
status of erythrocyte spectrin and hemoglobin in
type-2 diabetes mellitus patients with and without
complications.

MATERIALS AND METHODS

The present study was conducted in the Department of
Biochemistry, Dr. V.M. Govt. Medical College, Solapur during
the period, August 2003 to March 2005 in collaboration with
the Department of Medicine, Shri Chhatrapati Shivaji Maharaj
General Hospital, Solapur. The study was approved by
institutional ethical committee and informed consents were
obtained from all the participants of the study. The present
study was conducted on 150 subjects and they were divided
into three different groups.

Group I : 30 healthy controls.
Group II : 30 type-2 diabetic patients without any

complication.
Group III : 90 type-2 diabetic patients with complications,

which further consist of 30 retinopathy, 30
nephropathy and 30 cardiovasculopathy patients.

The selected subjects were not on supplementations such as
antioxidants, minerals, or any kind of medications for the
related complications, which could affect the study parameters.
Diagnosis of type-2 diabetes mellitus was done according to
the criteria proposed by the American Diabetes Association
(13). Further, retinopathy was confirmed by fundal examination
by observing presence of microaneurysm, soft exudates and

intra retinal hemorrhages. Nephropathy was considered to be
present if there was proteinuria (1gm/L). Cardiovasculopathy
was diagnosed by ECG findings and myocardial infarction.

Total 10 ml fasting blood was drawn in heparinised vacutainers.
Fasting plasma glucose level was measured by using
commercial kits. Estimation of glycosylated hemoglobin was
carried out by modified method of Fluckiger and Winterhalter
(14). Spectrin was isolated by the method of Coetzer and Zail
(15). Concentration of hemoglobin was measured by using
commercial kits and concentration of erythrocytic spectrin was
measured by Lowry method (16). Further, equal concentrations
of spectrin and hemoglobin were adjusted and glycosylation
status was determined by using fructose as external standard
(17). Erythrocytic glutathione perxidase was determined by
using the kits from Randox Lab U.K. Levels of plasma lipid
peroxide was estimated, as malondialdehyde, by Kei Satoh’s
method (18), and plasma nitric oxide was determined by the
method of Cortas and Wakid (19). Two tailed student ‘t’ test
was used for statistical analysis.

RESULTS

Table 1 : Plasma glucose, glycosylated hemoglobin, spectrin
glycosylation and hemoglobin glycosylation in different groups

Parameter Group I Group II Group III

Fasting plasma 94.8 ± 8.7 183.6 ± 14* 185.9 ± 10.0* #

glucose mg/dl

Glycosylated 3.46 ± 0.3 9.99 ± 0.6* 10.3 ± 0.4* #

Hemoglobin %

Spectrin Glycosylation 8.59 ± 0.7 29.3 ± 1.3* 29.21 ± 1.1* #

nmole of fructose/mg
Spectrin

Hemoglobin 4.25 ± 0.7 9.88 ± 1.1* 10.14 ± 1.1* #

Glycosylation nmole of
fructose/mg
Hemoglobin

Values expressed as mean + SD * P < 0.001, as compared with Group I
and # P > 0.05, as compared to Group II.

DISCUSSION

Diabetes mellitus is a group of metabolic disease characterized
by hyperglycemia resulting from a defect in insulin secretion,
insulin action or both. Increase in reactive oxygen species in
diabetes mellitus is due to autooxidation of glucose, protein
glycosylation and active polyol pathway (20). The membrane
protein glycosylation enhancement occurring in diabetes could
be one of the reasons for lowered erythrocyte membrane
fluidity in diabetes (21).
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In the present study, it was observed that glycosylation of both
spectrin and hemoglobin was increased in type-2 diabetes
patients as compared to controls. Glycosylation status of both
these proteins was similar in patients with complications and
patients without complication. Further, in type-2 diabetes, the
spectrin glycosylation was nearly three times more than that
of hemoglobin glycosylation. This may be due to 7% of total
amino acids as lysine in spectrin, which is believed to be the
easily glycosylated (5).

In the present study, lipid peroxidation was significantly
increased in type-2 diabetics as compared to controls. Further,
these values were significantly higher in patients with
complications when compared with the patients without
complication although they had similar protein glycosylation
status. These findings suggest that, type-2 diabetic patients
differ in their susceptibility to oxidative stress. Increased levels
of lipid peroxide may cause oxidative injury to blood cells,
cross-linking in membrane proteins and lipids (8).

Augmented production of nitric oxide was observed in type-2
diabetics as compared to controls. Further, these values were
significantly higher in patients with complications as compared
to patients without complications. Abnormal nitric oxide
metabolism is related to advanced diabetic complications in
type-2 diabetes mellitus, which may be the consequence of
increase in inducible nitric oxide synthase gene expression
(22).

Erythrocyte GPx activity was found to be decreased in type-2
diabetic patients as compared to controls. Further, significant
fall in GPx activity was observed in patients with complications
as compared to patients without complication. GPx can remove
hydrogen peroxide and other peroxides with reducing power
of glutathione (23). GPx is a relatively stable enzyme, but it
may be inactivated under conditions of severe oxidative stress
(24). Increase in lipid peroxidation observed in present study

and glycosylation of the enzyme may result in decreased
activity of GPx.

The fundings of present study show that free radicals are
increasingly produced in type-2 diabetes mellitus patients and
may play a significant role in development of complications.
Though free radical production is believed to be the
consequence of protein glycosylation and glucose
autooxidation, the organism’s susceptibility to oxidative stress
and lipid peroxidation of cellular structure may play an
important role in development of diabetic complications. The
alterations in glycosylation status of erythrocyte membrane
spectrin might affect integrity, life span, deformability and
viscoelasticity of type-2 diabetic erythrocytes. However, to
understand the causative factors and underlying biochemical
mechanisms in elegant detail need further elucidations.
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