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Summary: Oxidative stress has been proved in the patho -
genesis of diabetes mellitus (DM) and diabetic retinopathy
(DR) not only by the reactive oxygen species (ROS) but also
due to non-enzymatic protein glycosylation, auto-oxidation
of glucose, impaired glutathione metabolism, alteration in
the antioxidants and advanced oxidative protein product
formation. The current study was undertaken to establish the
rela tionship between iron, copper and antioxidants like re -
duced glutathione (GSH), total thiols, and advanced oxida -
tion protein products (AOPP) as well as total protein and
albu min. The study group consisted of a total of 90 subjects
which included non-diabetic healthy controls (n=30), dia -
betes mellitus patients (n=30), and diabetic retinopathy
patients (n=30). All the parameters were measured using
spectro photometric methods. AOPP levels showed a very
highly signi ficant increase in DR patients and in DM patients
compared to normal controls, the AOPP levels being higher
in the DR compared to the DM patients (p= 0.001). The
levels of thiols showed a very highly significant decrease in
DR and DM as compared to normal subjects. The total
proteins level showed a very highly significant decrease
(P = 0.001) in DR and DM compared to normal. There was
no change in the level of albumin. A significant increase in
the levels of iron was observed in DR when compared to DM
and control. The levels of copper in DR showed a very highly
significant increase when compared to DM and controls
(p = 0.001). Our study indicates a possible increase in the
copper and iron-mediated generation of ROS thereby
leading to increased consum ption of antioxidants in the
body.
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Kratak sadr`aj: Prisustvo oksidativnog stresa u patogenezi
dijabetesa (DM) i dijabetesne retinopatije (DR) do kazano
je ne samo zahvaljuju}i prisustvu reaktivnih vrsta kiseonika
(ROS) ve} i zbog neenzimske glikozilacije proteina, auto -
oksidacije glukoze, poreme}enog metabolizma gluta tio na,
promena u stvaranju antioksidanata i naprednih proizvo da
oksidacije proteina. Ova studija sprovedena je kako bi se
ustanovio odnos izme|u gvo`|a, bakra i antioksidanata kao
{to je redukovani glutation (GSH), ukupnih tiola i naprednih
proizvoda oksidacije proteina (AOPP) kao i ukupnih proteina
i albumina. Ispitivanu grupu ~inilo je ukupno 90 subjekata,
odnosno zdravih kontrola (n=30), pacijenata sa dijabetesom
(n=30) i pacijenata sa dijabetesnom retino pa ti jom (n=30).
Svi parametri izmereni su pomo}u spektro foto metrijskih me -
toda. Uo~en je veoma zna~ajan porast nivoa AOPP kod pa -
cijenata sa DR i DM u odnosu na zdrave kon trolne subjekte,
s tim {to su nivoi AOPP bili vi{i u DR nego u DM (p=0,001).
U pore|enju sa zdravim ispita ni ci ma, nivoi tiola bili su veoma
zna~ajno sni`eni u DR i DM. Nivo ukup nih proteina bio je
veoma zna~ajno sni`en (p=0,001) u DR i DM u pore|enju
sa kontrolnom grupom, dok u nivou albumina nije bilo pro -
me  na. Zna~ajan porast nivoa gvo`|a uo~en je u DR u po -
 re|enju sa DM i kontrol nom grupom. Nivoi bakra u DR
pokazali su veoma zna~ajan porast u pore|enju sa DM i
kontrolnom grupom (p=0,001). Na{a studija ukazuje na
potencijalni porast produkcije ROS uz posredstvo bakra i
gvo`|a usled koje dolazi do povi{ene potro{nje anti oksi -
danata u telu. 

Klju~ne re~i: dijabetesna retinopatija, oksidativni stres,
oksidacija proteina, tioli

Introduction

Diabetes mellitus is characterized by absolute or
relative deficiencies in insulin secretion and/or insulin
action associated with chronic hyperglycemia and
disturbances of carbohydrate, lipid and protein meta -
bolism. Long-term complications represent a major
cause of morbidity and mortality in patients with
diabetes mellitus (1).
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ROS produced during normal oxidative meta bo -
lism are eliminated by an efficient scavenging system,
but an imbalance between the production and
scaven ging of ROS can result in excessive levels of
mole cu lar oxygen or ROS, causing increased oxida -
tive stress (2). 

Various studies done by Moussa (3) and Pi J. et
al. (4) have shown that oxidative stress induced by
ROS generated due to hyperglycemia plays a signi -
ficant role in causing secondary complications in
diabetes mellitus such as diabetic retinopathy. The
reti na, with a high content of polyunsaturated fatty
acids, the highest oxygen uptake and glucose oxida -
tion relative to any other tissue, is more susceptible to
oxidative stress (5, 6). Previous studies have proved
the role of transition metals like iron (7) and copper
(8) in causing oxidative stress. Copper and iron are
toxic in their un bound form and cause redox im ba l -
ance due to their highly redox-active nature, which in
turn leads to the activation of stress sensitive intra -
cellular signaling pathways through the Haber-Weiss
and Fenton reaction (9, 10). Major antioxidant acti v -
ity of the body is contri buted by the total thiols and
the major contribution of total thiol pool is from the
GSH, and free thiol groups pre sent on protein albu -
min (11). AOPP is used as a sen sitive assay for the
oxidative damage to proteins (12).

Thus, the current study was designed to esta b -
lish the relationship of trace metal ions like iron and
copper with the antioxidants GSH, total thiols and
AOPP along with the total proteins and albumin
levels.

Materials and Methods

The study group consisted of a total of 90
subjects which included 30 healthy controls, 30 type 2
diabetic patients (13 males and 17 females) with out
any complications and 30 diabetic retino pathy pa -
tients (14 males and 16 females) in the age group
between 40–60 yrs of both sexes. The thirty age and
sex matched healthy individuals chosen as controls
had no history of diabetes mellitus, hypertension, epi -

lepsy, acu  te or chronic inflammatory conditions, psy -
chiatric dis or ders, history of drug intake, smoking and
alcohol consumption.

Type 2 diabetic patients were diagnosed based
on the history, biochemical investigation and accor -
ding to the biochemical criteria laid down by the
WHO (13). Diabetic patients recruited for the study
had no secondary complications of diabetes and they
were all on oral hypoglycemic drugs. Diabetic retino -
pathy pa tients had no other secondary complications
of dia betes. None of the subjects were on anti oxi -
dant supple  ments. History of all the subjects regar -
ding the duration of diabetes, presence or absence of
hyper ten sion or dyslipidemia was taken into account.

Cases of diabetic retinopathy were diagnosed
by the ophthalmologist with ophthalmoscopy. The
cases in cluded both proliferative and non-proliferative
dia be tic retinopathy. The study protocol was approved
by the institutional ethical committee and informed
con sent was obtained from all subjects. Five mL of ve -
nous blood was collected in a heparinized vacutainer
under aseptic precautions. The blood samples were
centri fuged at 3000 rpm for 10 min. Plasma was sep -
a rated for the assessment of advanced oxidative pro -
 tein products (AOPP) by a modified Witko’s method
(14), where 2 mL of suitably diluted plasma was
made to react with 200 mL of 1.16 mol/L and 0.04
mL of ace tic acid. OD was measured imme diately at
340 nm against blank. Total protein and albumin
were determined by the Biuret method (15), total
thiols by GL Ellman’s procedure (16), reduced glu ta -
t hione by the Ernest Beutler method (17), plasma iron
by the dipy ridil method of Ramsay (18), and plas ma
copper by the spectro photometric method (19).

Statistical analysis was done using the Mann-
-Whitney U test.

Results and Discussion

The obtained results for markers of oxidative
dam age and redox metals are shown in Table I.

Table I Markers of oxidative damage and redox metals (MEAN±SD)

Control (n = 30) DM (n = 30) DR (n = 30)

Total thiols (mmols/L) 0.448±0.06 0.333±0.03a 0.248±0.05b, c

GSH (mmols/L) 0.275±0.02 0.118±0.03a 0.116±0.02b

Total proteins (g/L) 76.0±7.0 66.6±0.02a 65.8±9.5b

Albumin (g/L) 38.4±5.7 38.2±7.7 39.2±5.8

AOPP (mmols/L) 0.017±0.00 0.275±0.07a 0.352±0.06b, c

Iron (mmol/L) 21.53±5.66 24.71±5.02 28.61±5.87b, d

Copper (mmol/L) 8.04±3.04 12.0±2.84a 12.43±2.8b

DM = diabetes mellitus, DR = diabetic retinopathy
a : p = 0.001 Control vs. DR, b: p = 0.001 Control vs. diabetes mellitus (DM)
c: p = 0.001 DM vs. DR,  d: p = 0.01 DM vs. DR
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There was a significant increase in copper
(p=0.001) and the AOPP (p=0.001), and decrease
in the GSH (p=0.001), total thiols (p=0.001) and
total pro teins (p=0.001) in the diabetic patients
without com pli  cations when compared with normal
controls. Further, an increase in copper (p=0.001),
iron (p=0.001) and AOPP (p=0.001) and decrease
in GSH (p=0.001), total thiols (p=0.001), total pro -
teins (p=0.001) were found in diabetic retinopathy
patients when compared to the controls. The present
study showed a significant in crease in AOPP and iron
and a decrease in total thiol levels in the DR group in
comparison with DM. 

All forms of life maintain a reducing environ -
ment within their cells. The cellular redox environ -
ment is preserved by enzymes that maintain a re -
duced state through a constant input of metabolic
energy. Disturbances in their normal redox state can
cause a toxic effect through the production of per -
oxides and free radicals, that damages all the com -
ponents of the cell including proteins, lipids and
DNA. Since free radicals cause damage to lipids,
protein and DNA, their oxidative product levels in the
plasma or serum are increased in diseased con di -
tions.

Diabetes is initially characterized by a loss of
glucose homeostasis. The disease is progressive and
is associated with a high risk of micro and macro-
vascular complications because of the abnormalities
in the regulation of peroxide and transition metal
metabolism (20). Studies by Yamagishi et al. (21) and
Srivatsan et al. (22) point out the role of oxidative
stress in the complications of diabetes like diabetic
retinopathy. 

Advanced oxidation protein products (AOPP) are
a novel oxidative stress marker of protein along with
oxidation of plasma thiol groups, termed »thiol stress«.
It is quantitatively a major manifestation of protein oxi -
da tion due to oxidative and carbonyl stress on pro teins
and increase in global inflammatory activity (23) and
may act as an inflammatory mediator. In our study we
have observed a significant increase in the AOPP levels
in diabetes mellitus and diabetic retinopathy, more so
in diabetic retinopathy compared to healthy controls.
The present study is in agreement with the studies
done by Kowluru et al. (24). 

Antioxidants protect cells from the damage
caused by the unstable molecule. The body produces
antioxidants to defend itself. Glutathione, a reductant
which conjugates with drugs to make them more
water soluble, is involved in the amino acid transport
(meister’s cycle), and serves as a cofactor for some
enzymatic reac tions and as an aid in the rearran ge -
ment of protein disulphide bonds. Depletion of
NADPH can cause a decrease in the concentration of
reduced glutathione. A decline in GSH, an important
cellular antioxidant, can increase oxidative stress. The
sulphydryl of the GSH can be used to reduce

peroxides formed during oxygen transport and when
plasma gets exposed to an increasing attack of ROS,
which may be the cause for the decrease in the levels
of GSH (25, 26).

The thiol group plays a prominent role in anti -
oxi dant reactions, in the reaction of catalysis, regu -
lation of electron transport and preserving the correct
structure of proteins. The levels and mutual relations
between different redox forms of thiols in plasma are
decisive for the plasma redox capacity which deter -
mines its proper functions. Plasma thiols include
homo cysteine, glutathione and cysteine. Due to the
autooxidation or formation of mixed disulphides, their
levels are decreased. In our study reduced gluta -
thione and total thiols were significantly decreased in
both diabetes mellitus and diabetic retinopathy when
compared with normal subjects. This study goes in
agreement with the studies done by Harnett et al.
(27). A range of low molecular mass thiols have been
shown to inhibit dicarbonyl adduction and cross-
linking of the thiol-free protein lysozyme, consistent
with these thiols being alternative (sacrificial) targets
of glycation. Some of these thiols are more efficient
modulators of glycation than the established glycation
inhibitors such as amino-guanidine (28). A significant
decrease in the levels of total proteins can be attri b -
uted to the in cre ased formation of AOPP and de -
creased levels of GSH and total thiols.

Iron plays a central role in many metabolic pro -
cesses. The most important property of free iron is its
capacity to be reversibly oxidized and reduced, at the
same time making it a highly prooxidant mole cule. In
this regard iron is able to generate powerful ROS. For
this reason careful control of iron availa bility is crucial
to the maintenance of normal cell function in the
retina. In the diabetic eye there is an impair ment of
iron homeostasis leading to iron overload (29). The
mechanisms involved are the destruction of heme
molecules induced by hyperglycemia, intraretinal and
vitreous hemorrhage, and overexpression of the re -
nin–angiotensin system could contribute to iron
over load in DR (30–32).

Insulin influences the iron uptake, utilization and
storage by increasing the cell surface transferring
receptors. Iron causes hyperinsulinemia by decrea sing
the insulin uptake and metabolism by hepato cy tes.
Further, the metal ion catalyzed protein oxidation is
the basis of biological mechanisms for regulating
changes in enzyme levels in response to shifts from
anaerobic to aerobic metabolism and probably from
one nutritional state to another. Free iron in its ferric
state can be reduced to the ferrous state by various
agents like superoxide anion, ascorbate and by glu -
cose in duced reduction by NADPH dependent
reactions.

Studies done by Gao et al. (33) and Yamagishi
et al. (34) have shown abnormal metabolism of zinc,
iron and copper in diabetes and diabetic retinopathy.
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A significant increase in free iron in the ferric state
with a decrease in thiol has been shown in diabetic
cases under poor glycemic control (35). It appears
that in creased oxidative stress in the presence of
hyper glycemia may lead to the increased availability
of transition metals like copper released from its sto r -
age site. Copper in its free form is a potent cytotoxic
element, and because of its redox chemistry it readily
participates in the Fenton and Haber-Weiss reactions
to generate ROS (36–39).

The consequences of iron overload in the diabetic
eye are complicated to evaluate because of the
multiple forms of iron with different reactivity and
several proteins that modulate their levels and
actions. However, among the potential mechanisms
of iron induced damage, it seems that oxidative da m -
age is the most important. In addition, it should be
noted that the iron ion catalyzes the binding of ad -
vanced gly cation end products to a specific receptor,
which is the crucial step in the pathogenesis of DR.
Cell culture studies revealed that free iron stimulates
the expression of adhesion molecules and monocyte
endo thelial ad hesion (40), the key steps in the de vel -
opment of DR. It has been demonstrated in vitro that
hyperglycemia causes complete destruction of the
heme molecules from Hb and myoglobin, releasing
free iron into the interstitial space. The present study
shows an increase in the level of iron in cir culation
and also oxidative damage to the protein, where an
increase in the levels of AOPP is observed parallel to
the iron levels. Pre vious findings suggest that DM is

associated with decreased ceruloplasmin and copper
levels in serum (8) and is characterized by a mutation
in the cerulo plasmin (CPL) gene, resulting in an ele -
va tion of copper ions in the blood. The inhibition of
CPL activity may be attributed to the fact that hyper -
glycemia may induce the release of Cu ions from Cu-
containing enzymes such as SOD and CPL, resulting
in the elevation of copper ions in the blood. When
proteins are exposed to metal catalyzed oxida tion
(MCO) systems, few amino acids are modified. The
available evidence indicates that the MCO systems
catalyze the reduction of iron and O2 to H2O2. These
products react at the metal binding sites on the
protein to produce ROS, which attack the side chains
of amino acid residues at the metal binding sites (34). 

Evidence is provided for the generation of a wide
variety of protein-derived free radicals via metal acti -
va ted reactions and decreased free radical scaven g -
ing actions, which may play an important role in the
pathogenesis through radical-mediated reactions.
Thus, studies aimed at exploring preventive stra te gies
to control iron availability by enhancing the anti -
oxidants, especially thiols, are necessary, since these
control various cellular signaling proteins through the
oxidation/reduction of specific sensor molecules. 
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