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Correlation of Erythrocyte Glutathione Peroxidase
activity with high levels of HbAlc
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Hyperglycemia induces increased generation of reactive oxygen species and decreased action of antioxidant enzymes which
leads to oxidative stress. Antioxidant enzymes prevent the action of reactive oxygen species and protect the cells from
oxidative damage. Glutathione peroxidase is one of the antioxidant enzyme. The aim of the study was to evaluate the
association between antioxidant enzyme glutathione peroxidase activity in erythrocytes with elevated HbAlc levels.

Material and Method: Total of 92 whole blood samples were taken based on their HbAlc levels and were divided control
(n=52) and hyperglycaemic group (n=40). Glutathione peroxidase activity in erythrocyte was measured. Statistical difference
between groups was analyzed using independent t test. Pearson’s correlation analysis was performed to determine the
relationships between variables.

Results: There was no significant difference in glutathione peroxidase activity between the groups. There was statistically
significant (p <0.001) increase observed for HbAlc and blood glucose in their mean+tSD values from control to
hyperglycaemic group. There was no significant correlation observed between glutathione peroxidase and HbAlc as well as
blood glucose. The results indicate that elevated levels of HbAlc does not alter the activity of erythrocyte glutathione

peroxidase activity.
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Introduction

Oxidative stress is caused due to increased
production of reactive oxygen species and
decreased action of antioxidant system. It is
said to play a major role in pathogenesis of
various disorders such as atherosclerosis,
chronic renal failure, hypertension, cancer and
diabetes mellitus[ 1] . In condition such as
prolonged hyperglycemia, there is increased
genenration of reactive oxygen species
through the mitochondrial electron transport
chain[2] and glucose autoxidation[3] which
then leads to increased oxidative stress[2-4].
Oxidative stress induced by hyperglycemia
has been found to be a major link between
diabetes and diabetic related complications

[s].
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Another cause for oxidative stress in
hyperglycaemic conditions is due to decreased
activity of antioxidant system [6,7].
Antioxidant system is involved in getting rid of
the free radicals that are produced, so as to
maintain the redox homeostasis. This
antioxidant system will detoxify reactive
oxygen species by blocking their production,
or by sequestering the transition metals in the
presence of which free radicals are formed.
There are two sources of antioxidant system.
Out of these, endogenous system constitutes
of antioxidant enymes of the body.
Antioxidant enzymes act as primary defence
against reactive oxygen species and they
include superoxide dismutase, catalase and
glutathione peroxidase. This study is focused
specifically on activity of glutathione
peroxidase. It is a selenium containing
enzyme that has peroxidase activity.
Its role in the body is to protect cells
or tissues from oxidative damage. It
does so by reducing harmful reactive
oxygen species such as lipoperoxides
and organic hydroperoxides using
glutathione as reducing agent.
Reduced glutathione is then oxidized
by Glutathione reductase to complete

the cycle. Deficiency of this enzyme can
cause oxidative stress.

Together with oxidative stress, hyperglycemia
also leads to increase in the levels of glycated
hemoglobin (HbAlc) [8]. Itis formed by non-
enzymatic glycation of haemoglobin upon
exposure to glucose. This formation of the
glycated hemoglobin occurs normally in the
presence of normal blood glucose levels.
However, as blood glucose levels increases
HbAlc levels increase as well[9]. HbAlc
measurement provides a three month average
blood glucose concentration. This test is
most useful in monitoring the treatment of
patients with diabetes[10] Itis also used as a
marker for chronic hyperglycemia[11]

This study was designed to evaluate the
association between antioxidant enzyme
glutathione peroxidase activity in erythrocytes
with elevated HbA1lc levels as there was only
little information available regarding the
association between the two parameters. The
expectation is that there will be a significant
decrease in the activity of erythrocyte
glutathione peroxidase when the HbAlc
levels are extremely high. This is because of
the oxidative stress caused due to production
of extremely high levels of HbAlcin

hyperglycemia which may
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alter the activity of the
antioxidant enzyme
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Table 1: Comparison of blood glucose, HbAlc and glutathione peroxidase
among control and hyperglycaemic group (n=92)

Parameters Control Hyperglycemic P
n 52 40
Blood Glucose 98.33+15.8 261.6+ 87.7 <0.001*
HbAlc 5.31% .253 10.97+ 1.22 <0.001*
Glutathione Peroxidase 0.317+0.101 0.342 £+ 0.141 0.3 NS

control and Hyperglycemic group.

Table 2: Correlation of Glutathione peroxidase with HbA 1¢ and blood glucose in

r P
Control HbAlc 0.213 0.129 NS
Blood Glucose 0.161 0.274 NS
Hyperglycemic HbAlc 0.08 0.623 NS
Blood Glucose 0.18 0.294 NS

glutathione peroxidase in erythrocytes.

Material and Method

Study protocol was approved by the
Institutional Ethics Committee, Kasturba
Medical College, Manipal, India. A total of 92
whole blood samples that were referred for
HbAIc test and blood glucose test were
collected from the Clinical Laboratory of
Biochemistry, KMC, Manipal after proper
anonymization. The samples were collected
based on their HbAlc levels and age (ranging
from 35-65 years old) of the patient. HbA1lc
and blood glucose values for the samples were
obtained from the laboratory. Whole blood
was centrifuged at 2000rpm to separate the
serum. Erythrocyte pellet was used for the
estimation of Glutathione peroxidase.
Estimation was done by first extracting the
enzyme from the erythrocyte pellet by adding
5% meta-Phosphoric acid to it and centrifuging
at 3000x g for 10mins at 4°C. Enzyme activity
was estimated in the supernatant using an assay
medium containing 100mM phosphate buffer,
0.lmM EDTA, 2mM Sodium azide, 2.5U/L
Glutathione reductase, 1I0mM GSH, 2.5mM
NADPH and reaction was started by adding
1.SmM Hydrogen peroxide. Enzyme activity
was calculated using the formula AA/6.21 M-
1Cm-1.[12,13]

Statistical Analysis

The results were expressed as mean + standard
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deviation. The statistical difference between
groups was analyzed using independent t test.
Pearson’s correlation analysis was performed to
determine the relationships between variables.
The results were considered significant at P <
0.0S. The statistical calculations were done
usingM Statistical Package for the Social
Sciences version 16.0.

Results

Samples were divided into two groups based on
their HbAlclevels. Samples with HbAlc levels
ranging from 4.5% - 5.7% were placed in
Control group (n=52) and from 9.6% to 14%
were placed in Hyperglycemic group (n=40).
Mean#SD values of blood glucose, HbAlc and
glutathione peroxidase among control and
hyperglycaemic group is put in Table 1. There
was no significant difference between the two
groups for glutathione peroxidase whereas a
significant difference (p value <0.001) was
observed for blood glucose and HbAlc
between the two groups.

There was no correlation found between
glutathione peroxidase neither with HbAlc nor
with blood glucose. (Table 2)

Discussion

Uncontrolled hyperglycemia has been
suggested to produce abnormally high levels of
reactive oxygen species. The increased levels of
free radicals formed in hyperglycemia together

with products of non-enzymatic glycation,
glucose oxidation and lipid peroxidation causes
damage to enzymes, cell functioning and
insulin resistance due to oxidative stress. [ 14]
Oxidative stress is a common feature of
uncontrolled hyperglycemia in humans as well
as animals[15-21]. Antioxidant enzyme such
as glutathione peroxidase encounters with the
reactive oxygen species and helps to repair the
damage caused by them. Different studies
have reported variations in activity of
antioxidant enzymes in different tissues like
liver, kidney, muscle, erythrocytes etc., in
normal and diabetic condition and an increase
in the glutathione peroxidase activity was
observed in erythrocytes[22]. Whereas there
are studies imply there was significant
decrease in the activity of erythrocyte
glutathione peroxidase when compared
between diabetic and non- diabetic groups.
[23,24] At the same time there are studies
that found no significance difference in
activity of glutathione peroxidase in
eryhtrocytes between the two groups[25,26].
From Table 1 it is clear that the present study
showed no significant decrease in erythrocyte
glutathione peroxidase activity when
compared between control and hyperglycemic
group. However there was a significant
increase (p <0.001) observed in mean+SD
values of HbAlc as well as blood glucose
when compared between control and
hyperglycemic group. Table 2 illustrates the
correlation coefficient of glutathione
peroxidase activity with HbAlc and blood
glucose. There was no significant correlation
observed between the enzyme and other two
parameters. There is discrepancy among the
results from previous studies and the present
study. There could be various reasons for this
which is yet to be cleared. Although, a recent
study has shown that erythrocyte glutathione
peroxidase activity begins to improve as
insulin treatment is started [27].This could be
one of the reasons for variations in the results .
Conclusion

There was no significant difference found
between control and hyperglycemic groups
regarding erythrocyte glutathione peroxidase
activity. Also, there was no significant
correlation observed between erythrocyte
glutathione peroxidase activity and HbAlc as
well as blood glucose.
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