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Introduction

It is maintained that erythrocyte lipid peroxide lev-
els are increased in diabetes and that high plasma lipid
peroxides (LPO) in diabetes may result from oxidative
destruction of erythrocyte membrane lipids (1). Eryth-
rocytes are unique biological entities that contain mo-
lecular oxygen, ferrous ions and poliunsaturated fatty
acids at high concentrations.

In erythrocytes, auto-oxidation of oxyhemoglobine
into methemoglobine, interaction of hemoglobine with
redox drogs and ksenobiotics, Fenton and Haber-Weiss
reactions catalyzed with metal (Fe) are factors that
may lead to free radical production (2). Bound-
dissociation energies of alillic hydrogenes found in the
structure of phospholipids in erythrocyte membranes
are quite low. Therefore, polyunsaturated fatty acids
are more sensitive to oxidative damage, but eryth-
rocytes are resistant to oxidative damage. Because, in
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their structure, there are enzymes and molecules such
as catalase, SOD, glutathione peroxidase (GSH-Px) and
glutathione, which are found in antioxidation mech-
anism (2,3). Of these, catalase catalyses the de-
struction of H

2
O

2
 and other hydrogen donors. This en-

zyme found at the highest concentration in human
liver and kidney is at lower levels in serum. Other an-
tioxidant enzyme SOD is an enzyme that eliminates su-
peroxide radicals effectively, being identical with eryth-
rocuprein (4). GSH redox cycle, one of antioxidant
systems, constitutes the main system to reduce hyper-
oxides that are formed in the cell. Key enzyme of cy-
cle is glutathione peroxidase, substrat of which is re-
duced glutathione (GSH) (5).

LPO products are damaging endothelial and in-
tima cells, increasing thrombocyte aggregation and in-
hibiting prostacyclyn synthesis. By increasing the com-
suption of antioxidant substances such as SOD,
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abetic groups, erythrocyte and plasma levels
were observed to have increased considerably
when compared with those in the control
group (P<0.001). It was determined that,
while erthrocyte SOD, catalase and glu-
tathione levels in he groups with diabetic re-
tinopathy decreased significantly relative to
those in the control group, a slight decrease
occurred in the SOD levels of the group with-
out diabetic retinopathy with respect to con-
trols, and that this, however, was statistically
insignificant (P<0.05). Still, the decrease in
the catalase and glutathione levels was found
to be significant (P<0.02).

These results indicate that accompaniment of
inhibited antioxidant defence systems with in-
creased lipid peroxide levels leading to dam-
age in endotelial cell membran is important
not only in the progress of diabete but also in
the development of diabetic complications.

Key Words: Lipid peroxidation, Superoxide
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Abstract: It has been maintained that free
oxygen radicals (FOR) that occur in cell have
important roles in the ethiopathogenesis of
diabet, and that cell damage progressing as a
result of their accumulation is responsible for
the development of diabetic complications. In
recent years, along with free oxygen radicals,
antioxidant mechanisms and the substances
influencing as free radical cleaner have been
investigated in connection with diabet. With
this respect, in a total of 30 patients with
type II Diabetes Mellitus (NIDDM), 15 with
diabetic retinopathy and 15 without diabetic
retinopathy, and in 20 healthy subjects, we
measured glutathione (GSH), catalase and an-
tiperoxidant superoxide dismutase (SOD) lev-
els as well as plasma and eritrosit levels of
Malondialdehid (MDA), which is the last prod-
uct of oxydation of  polyunsaturated fatty ac-
ids. 

Erythrocyte and plasma MDA levels of pa-
tients with diabetic retinopathy were higher
relative to those withouut diabetic re-
tinopathy (P<0.001, P<0.005). In both di-
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tient fasting overnight (before insulin administration in
those using insulin).

The erythrocytes package was prepared by washing
the erythrocytes fractioned blood plasma taken by
heparin with 0.15 mol/L NaCI solution at a rate of
1:5 three times, and by centrifuge them at 3000 rpm
for ten minutes each time. The measurements of SOD,
catalase, GSH and erythrocyte MDA were conducted in
erythrocyte; those of plasma MDA level were carried
out in plasma. 

Erythrocyte LPO was measured by Stocks and Dor-
mandy’s thiobarbituric acid (TBA) method (7); plasma
LPO by TBA method modified from Takeuchi (8).
Erythrocyte GSH was measured by 2-nitrobenzoic acid
(DTNB) method from Beutler (9); Erythrocyte SOD
was measured by modified Winterbourn and Hawkins’
method based upon reduction of nitroblue tetrasolium
(NBT) (10).

Catalase levels were determined by Aebi’s modified
colorimetric method (11). It is based upon alteration
of H

2
O

2
 optic density, depending upon enzymatic de-

composition of H
2
O

2
 (by the effect of catalase in the

sample). Data were changed to k/g Hb after “k” value
was determined, taking suitable absorbans for each
analysis according to calculated regression. Drabkin’s
method was used to determine erythrocyte hemo-
globin. 

In the statistical evaluation of the results, the dif-
ference between averages of the two experiments se-
ries was determined by “student’s t” test.

catalase, glutathione peroxidase, glutathione and vi-
tamin E, superoxide radicals (SOR) and lipid per-
oxidation products make the defense systems within
the cell insufficient and can also inhibit the activity of
SOD (6). 

Starting out from these preliminary data, are in-
vestigated th levels of plasma and erythrocyte MDA,
alterations in the levels of erythrocyte SOD, catalase
and glutathione, and thereby the effects of these al-
terations upon the complications developing in di-
abetes. 

Materials and Methods

In thus study, 30 patients hospitalized in Diy-
arbakyr SSK Hospital with diagnosis of type II Di-
abetes mellitus, 15 patients of whom developed re-
tinopathy and the other 15 patients did not developed
retinopathy, and 20 healty subjects (10 male, 10 fe-
male) whose ages were varying between 43-53, and
who did not use any drugs, alcohol and cigarettes,
without any history of disease were included in the
study. Of diabetics that were composed of 18 female
and 12 male, retinopathy group had age varying be-
tween 44-58 and diabetic duration was 5-15 years,
while the group without retinopathy had age varying
between 42-55, and diabetic duration was 3-12 years.
Varitations in diabetes duration and ages are presented
in Table 1. Most of the patients were administered
oral antidiabetic or insulin undermedical treatment.
Heparinized blood samples were taken from each pa-

Figure 1. Showing of the alterations in
MDA levels in diabetics with
retinopathy and without
retinopaty relative to those of the
control group.
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rocytes and plasme MDA levels were significantly high-
er, when compared with those of control group
(P<0.001) (Table 2).

(c) Glucose, erythrocyte and plasma MDA levels of
the group with retinopathy were significantly higher
(P<0.001, P<0.005), whereas SOD, catalase and glu-
tathione levels were significantly lower relative to
those of the group without retinopathy (P<0.001)
(Table 3).

(d) Erythrocyte MDA and plasma MDA levels of
the group without retinopathy were significantly high-

Results

The results obtined from control and both diabetic
groups are shown statistically in Table 1-4 According
to these;

(a) The difference between the age averages of
control and diabetics, and those of diabetics with and
without retinopathy as well as the difference between
diabetic duration were not found statistically significant
(P>0.05) (Table 1).

(b) SOD, catalase, glutathione levels of diabetics
are significantly lower (P<0.001), while glucose, eryth-

Figure 2. Showing of the alterations in
erythrocyte SOD activities in
diabetics with retinopaty and
without retinopaty relative to
those of the control group

Figure 3. Showing of the alterations in
erythrocyte catalase activities in
dtiabetics with retinopaty and
without retinopaty relative to
those of the conrol group
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excessive production of free radicals, it leads to micro-
vascular lesions. Thees lesions are associated with dis-
function of biologic antioxidant systems (17, 18, 19).
It has been seen that this damage is more severe in
ketotic period. This was attirbuted to the decreasing
of cytoplasmic NADPH due to blockage of  pentose
phosphate shant and disfunction of glutathione of syn-
tetase (18).

Increased LPO levels of diabetic individuals may
take origin from peroxidative damage of membrane
lipids. Jenning et al. (13) have showen that increased
free radical activity leads to an increased trombotic
tendency and a reduction in prostocyclyn stimulating
factor, depending on increasing trombocyte reactivity
in diabetics (especially with retinopathy), and they
have also demonstrated that intracellular SOD activity
is reduced in patients with retinopathy (13). Most re-
searchers actually have shown that prostanoids and lip-
id peroxides accepted as on index of intravascular free
radicals are effective in the beginning and development
of microangiopathy and that valuable results can be
achieved in the prevention of diabetic microangiopathy
progress through lipid control along with glisemic con-
trol (13,15,16,20,21).

In a number of studies, it was established that
abnormalities in blood parameters of patient with di-
abetic complication and non-regulated well (Re-
tionpathy, neuropathy, nephropaty, peripheral vascular
disorders, coronary or cerebral diseases and the like)
were much more when compared with those patients
well regulated and without complication. (20, 22)
Since lipid peroxides play a major role in he formation
of vascular tissue damage, it is suggested that LPO,

er (P<0.001) (Figure 1), catalase and glutathione lev-
els were lower (P<0.02) when compared to control
group (Figure 3, 4). Although SOD levels were lower
relative to those of control group, the difference was
not found  statistically significant P>0.05 (Table 4)
(Figure 2).

(e) Glucose, erythrocyte and MDA levels of the
group with retinopathy were significantly higher
(P<0.001) (Figure 1); SOD, catalase and GSH levels
were significantly lower, when compared to control
group (P<0.001) (Table 4) (Figure 2, 3, 4).

Discussion

Alterations in increased lipid peroxidation free
radicals and antioxidant defense systems have been in-
vestigated as related with diabetes in recent years. It
was demonstrated that free fatty acids increasing in
the lack of insulin contributed to increased plasma LPO
levels. Insulin reduces hepatocyte LPO production. In
addition, since insulin activates glutathione peroxidase
that breaks LPO, hepatocytes can not remove LPO in
the lack of insulin (12).

By most researchers, it was demonstrated that
lipid peroxides (MDA) were higher in diabetics with re-
tinopathy relative to diabetics without retinopathy
(1,13-16). We also identified higher plasma and
erythrocyte LPO (MDA) levels in the group with re-
tinopathy, compared with those in the group without
retinopathy. There are a few biochemical mechanism
that explain the reason for this rise. The increasing of
blood free fatty acid levels depending on lypolys in-
crease results in increase in MDA production. In the

Figure 4. Showing of the alterations in
erythrocyte glutathione activities
in diabetics with retinopaty and
without retinopaty relative to
those of the control group
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fore, it is accepted that these two radicals are es-
sentially responsible for changes in the membranes of
tumour cells (25,26).

Hayakawa et al (20), have reported that in-
creased lipid peroxide causes damage in endothelial cell
membranes, that inhibition of antioxidants marks this
damage and that this status is important in the path-
ogenesis of diabetic complications (20).

As a results, we are of the opinion that;

1. Increase in lipid peroxides accepted as an index
for intravascular free radicals is effective in the in-
itiation and evolution of microangiopathy in diabetics,

2. An inefficiency occurs in antioxidant defense
systems, depending upon lipid peroxidation increase or
inhibition of antioxidant defense systems.

Most investigators have observed that erythrocyte
glutathione levels are decreased in diabetic individuals
(1,5,18,23). We have also observed that GSH activity
has decreased in both diabetic groups. However the
decrease in GSH levels was clearer in the group with
retinopathy.

It has demonstrated by most researchers that SOD
and catalase activities were reduced in non-regülated
diabetics, but unchanged in well-regulated diabetics
(17,18,20,21).

In our study, while SOD and catalase levels were
significantly decreased in he group with retinopathy,
the decrease determined in SOD levels of the group
without retinopathy was found to be insignificant.
However, the decrease identified in catalase levels of
the group without retinopathy was found significant. 

increasing in diabetes can be effective in the path-
ogenesis of diabetic angiopathy. (20,22) It has been
indicated that free fatty acids increasing in the lack of
insulin contribute to high plasma LPO levels. (22)

One of the intracellular protective mechanisms
against free radicals that form peroxidation in mem-
brane lipids is glutathione and redox system. Reduced
GSH is a non-specific reduction agent and plays on im-
portant role in oxidation mechanisms. In cell me-
tabolism, it performs important funcitons in the pre-
vention of sulphyhydrile groups of various proteins
and lipoproteins in cell membrane. GSH participates in
antioxidative defense system as free radical in activator
(19). It is accepted that, as thrombocyte GSH level is
decreased in diabetes, increased tromboxan A_2
(TXA_2) synthesis prepares ground for vascular com-
plications by increasing thrombocyte activity. In the ex-
istence of GSH, which is a cofactor of GSH-Px (Glu-
tathione peroxidase) enzyme it inhibites siklooxygenesis
by removing LPO from the medium. However, LPO ac-
cumulated in the cell stimulates TXA_2 synthesis, in
the lack of GSH, or when GSH-Px activity is decreased
(23). Some researchers recognized that SOD and cat-
alase levels in well-regülated diabetics did not exhibit
difference with respect to control group (21,24).

It has been suggested that excessive free radical
production causes microvasculer lesions, and that they
are related with disfunction of biological antioxidant
systems of these lesions (18). In the lack of SOD, hy-
droxil radical singlet oxygen produced through fenton
reaction and dismutation of superoxide by its own ac-
cord initiate lipid peroxidation in especially unsaturated
fatty acids. These two radicals are the most toxic and
effective radicals that lead to lipid peroxidation. There-
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