
Abstract
This study examines the relationship between erythrocyte membrane bound Acetyl cholinesterase (AChE) activity, 
 gly cated hemoglobin (HbA1c) level and lipid peroxidation (formation of malondialdehyde). The aim was to elucidate the 
effect of HbA1c and lipid peroxidation on the activity of acetyl cholinesterase (AChE). Control subjects were non diabetic vol-
unteers and the test group was diabetic patients with fasting glucose level of more than 150mg%. HbA1c, total hemoglo bin, 
plasma glucose, lipid peroxidation and activity of AChE were determined. Observations indicate that elevated levels of 
lipid peroxidation in erythrocyte membrane of glycated hemoglobin of diabetic patients. HbA1c significantly increases 
lipid peroxidation and decreases the activity of AChE. Our data indicates that erythrocyte membrane bound enzyme AChE 
is significantly related to lipid peroxidation. Glycation of the hemoglobin increases the lipid peroxidation and alters the 
membrane bound enzyme function.
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1. Introduction
Diabetes mellitus is a disorder of carbohydrate metabolism 
in which the ability to oxidize and utilize carbohydrates 
is lost as a result of defects in insulin secretion, insu-
lin action, or both (WHO, 1999). It is characterized by 
hyperglycemia and disturbances of carbohydrate, fat and 
protein metabolism. In diabetes, Glycated hemoglobin 
(GHb) is formed by a nonenzymatic post translational 
modification reaction which involves the reaction of glu-
cose with valine and lysine residues in haemoglobin1.

The human erythrocytes are freely permeable to glu-
cose and within each erythrocyte glycated hemoglobin 
is formed continuously from haemoglobin. Glycated 
hemoglobin plays an important role in monitoring the 
long term blood glucose of diabetics2. Nonenzymatic 
glycation is a spontaneous chemical reaction in which 
labile Schiff ’s bases and more stable Amadori products 

are formed. Advanced glycation end products (AGEs) are 
then formed through oxidative reactions and cause irre-
versible chemical modifications of proteins3.

Free radicals are produced as a result of glycosyl-
ation of several proteins including hemoglobin (Hb) by 
non-enzymatic mechanisms4,5. Subsequently free radi-
cals change lipid/protein ratio of membranes by affecting 
polyunsaturated fatty acids. Lipid peroxidation is the oxi-
dative deterioration of polyunsaturated fatty acids. Lipid 
peroxidation produces aldehydes, superoxide, hydrogen 
peroxide, hydroxyl radicals, and chemical substances 
like malondialdehyde (MDA). MDA is a significant end 
product of LPO that is used normally as a marker of lipid 
peroxidation6.

By-products of lipid peroxidation have been shown to 
cause profound alterations in the structural organization 
and functions of the cell membrane including decreased 
membrane fluidity, increased membrane permeability, 
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inactivation of membrane-bound enzymes and loss of 
essential fatty acids7. Erythrocyte membrane is more vul-
nerable to lipid peroxidation due to constant exposure to 
high oxygen tension and richness in polyunsaturated fatty 
acid, respectively.

The objective of this work is to estimate the oxida-
tive stress in diabetic patients and assess the relationship 
between the hyperglycemia and glycated hemoglobin lev-
els. The diabetic state was evaluated by determining the 
fasting blood sugar and glycosylated hemoglobin and the 
level of oxidative stress was estimated by quantifying the 
thiobarbituric acid reacting substance. The effect of TBRS 
on the activity of erythrocyte membrane bound enzyme 
was studied by assaying the activity AChE.

2. Materials and Methods

2.1 Sample Collection
This study contained two groups: control and test. Control 
group were nondiabetic individuals, and twenty diabetic 
patients with fasting glucose level of more than 150mg% 
were taken as test group.

2.2  Estimation of Glycated Haemoglobin by 
Affinity Chromatography

Glycated haemoglobin was separated from the non- 
glycated fraction by affinity gel columns (Glycogel B). The 
absorbance (A) of each fraction was measured at 414 nm 
and calculated the percentage of glycosylated haemoglo-
bins according to the formula8:

2.3 Estimation of Malondialdehyde (MDA)
The concentration of malondialdehyde in erythrocyte 
was estimated by the procedure given by Jain et al15. The 
blood hemoglobin level was determined by the method 
of Drabkin9.

2.4  Isolation of Erythrocytes and Membrane 
Preparation

Red blood cell acetylcholinesterase (AChE) is an integral 
membrane protein which hydrolyzes acetylcholine. Being 

an erythrocyte outer layer membrane protein, its func-
tion (catalytic capacity) might be influenced directly by 
enzymatic effectors and indirectly by membrane phos-
pholipid or cytoskeleton modulation10. This enzyme 
can be used as a marker of membrane integrity and to 
evaluate the effect of TBRS on membrane bound enzyme. 
Erythrocyte AChE activity was determined by Kaplan’s 
modified method11.

3. Results and Discussion
The diabetic state was confirmed by high fasting blood 
glucose level in test group and the results are depicted in 
Figure 1 and Table 1.

Figure 1. Fasting blood glucose level.

The erythrocytes were isolated from the both indi-
viduals with diabetes mellitus (test) and normal healthy 
individuals (control) for determination of TBARS. The 
results are given in Figure 2 and Table 1.

Figure 2. TBARS level in normal and diabetic state.
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Erythrocyte TBARS level was higher in diabetes (2.6 
± 0.6 mmoles/gHb) than the controls (0.9 ± 0.01 mmoles/
gHb). The estimated amount of glycated haemoglobin 
was shown in Figure 3 and Table 1. The glycated haemo-
globin level was higher in diabetes (9.7 ± 1.2 mmole/g of 
Hb) than the controls (6.2 ± 0.9 mmole/g of Hb).

The fasting blood sugar concentration has no cor-
relation with erythrocyte TBARS level but a positive 
correlation between the fasting blood sugar concentra-
tion and the glycated haemoglobin level was observed in 
normal and test group. 

There is a significant (p≥0.05) increase in the TBARS 
level in the diabetic erythrocytes when compared to the 
normal erythrocytes.

Table 1. FBS, TBARS, Glycated Hemoglobin levels and 
AChE in diabetes and control group

Parameters Control Diabetes
Fasting blood (mg %) 75±3.4 224±9.7
TBARS (mmoles/gHb) 0.9±0.01 2.6±0.6
Glycated hemoglobin (mmole/g 
of Hb)

6.2±0.9 9.7±1.2

AChE (U) 2.8±0.4 1.2±0.3

Acetyl choline activity expressed as millimoles of ACh 
hydrolyzed/min/mg protein. 
Values are mean ± SD of 20 observations.

Oxidative stress is a condition in which the concentration 
of free radicals and Reactive Oxygen Species (ROS) is 
increased. In normal physiological conditions these free 
radicals and ROS have been removed by antioxidant sys-
tem, but become toxic when not being removed by the 
antioxidant system. The formation of ROS is increased in 

Type I and Type II diabetes mellitus. The secondary com-
plications in diabetes patients are directly associated to 
the increased oxidative stress. Free radical induced lipid 
peroxidation is a major cause for the development sec-
ondary complications in diabetes mellitus. The sources of 
increased concentration of free radicals in diabetic condi-
tion are: increased production of reactive oxygen species, 
mainly from glycated proteins or lipid peroxidation, auto-
oxidation of glucose and decreased activity of antioxidant 
systems12. 

In this study the diabetic patients showed significant 
increase in lipid peroxidation level. It was observed by 
the increased levels of TBARS in diabetic patients. The 
increased levels of TBARS in diabetes mellitus may be 
due to the increased concentration of free radicals which 
might be due to increased glycosylation of proteins. 
The glycosylated proteins could form a source for free 
radicals. There is a significant correlation between lipid 
peroxidation and blood glucose level in diabetes mellitus. 
The increased level of blood glucose results in increased 
lipid peroxidation, enolisation of glucose and reduction 
of O2. Molecular oxygen is reduced to form α- ketoalde-
hydes, hydrogen peroxide and ROS. Hydrogen peroxide 
produced during the above reactions produces hydroxyl 
radicals. The ROS leads peroxidation of fatty acids in 
membrane and accumulation of TBARS13. 

This study was conducted to know the correlation 
between blood glucose level and glycosylation of haemo-
globin by determining the glycated haemoglobin levels. 
There was a significant (P≤0.05) increase in the level of 
glycated haemoglobin in diabetic patients. The concen-
tration of glycated haemoglobin is proportional to blood 
glucose levels. Diabetic patients with increased concen-
trations of blood glucose invariably contain increased 
concentration of glycated haemoglobin14. 

Results of the study also suggest that an increased 
TBARS level is linked to the increased level of glycated 
haemoglobin. Several studies have reported similar results 
(Gallan MP to Konukoglu). The glycated haemoglobin is 
an indicator of blood glucose level of diabetic patients 
over previous few months (2-3 months) and TBARS 
was considered as an indicator for assessing the oxida-
tive state in diabetes mellitus. The glycosylation mediated 
structural changes in hemoglobin is one of the important 
factor for increased lipid peroxidation in diabetes. Jain 
et al. (Jain SK) have also reported a positive correlation 
between glycated haemoglobin and TBARS level.

Figure 3. Level of glycated hemoglobin.
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Increased glycosylation of haemoglobin (Hb) in 
diabetic state induces the synthesis of Free radicals by 
non-enzymatic mechanisms10. The highly reactive free 
radicals may lead to oxidation injury to the living cells by 
altering the structure and state of macromolecules includ-
ing lipids, carbohydrates, proteins and nucleic acids15. 
The lipid/protein ratio of membranes is affected by free 
radicals. It is potentially harmful because its uncontrolled 
self-enhancing process causes disruption of membranes, 
lipids and other cell components16. 

The results of this study show (Figure 4 and Table 1) 
that AChE activity RBCs were decreased significantly in 
diabetic patients as compared with the control group.

Figure 4. The activity of erythrocyte membrane bound 
AChE.

Several studies have also demonstrated marked 
reduction in cholinergic function in diabetic state17. 
Acetylcholinesterase is a specific choline esterase, hydro-
lyzing predominantly choline esters, and characterized 
by high concentrations in brain, nerve and red blood 
cells (RBCs)18. It is responsible for interrupting normal 
nerve transmission at the synapse by hydrolyzing the 
neurotransmitter Acetyl choline to acetic acid and cho-
line. This transmission interruption prevents unnecessary 
stimulation of nervous system.

Acetylcholinesterase is a membrane bound protein 
attached in the lipid bilayer of the membrane by a small 
hydrophobic moiety, possibly through phosphatidylinosi-
tol. The activity of the enzyme Acetylcholinesterase may 
be changed by the hydrophobic surroundings (membrane 
lipid bilayer) of the enzyme19. Previous researches also 
accounted a significant hyperpolarization of red blood 
cell membranes of diabetic patients20. The modifications 
in erythrocyte membrane properties, namely membrane 

lipid bilayer packing and composition, fluidity and mem-
brane potential, during diabetes can decrease the activity 
of the enzyme acetylcholinesterase21.

The earlier studies suggest that uncontrolled diabetes 
is associated with significant alterations in the cholinergic 
systems17.

In conclusion the determination TBRAS and glycated 
hemoglobin in diabetic patients would be used to review 
the state of diabetic patients. Improvement of glycemic con-
trol will decrease the oxidative stress in diabetic patients. 
Prevention of oxidative stress may help to maintain the 
membrane integrity and prevent the development of sec-
ondary complications in diabetic patients.
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