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INTRODUCTION

Diabetic retinopathy is diabetic eye disease is one of the
most common microvascular complications of diabetes and a
leading cause of vision loss, it progresses from mild to severe
stages and it happens when blood vessels in the retina leak, or
become blocked due to prolonged high blood glucose levels
(hyperglycemia) [1]. Proliferative diabetic retinopathy (PDR),
the most advanced level of diabetic retinopathy, occurs when
there is sufficient retinal ischemia that triggers the formation
of fragile new blood vessels (neovascularization), which then
leak blood into retina and vitreous [2].

Many studies [3-6] suggested a role of oxidants and antioxi-
dants parameters in diabetes mellitus, these studies were carried
out in different countries and populations on serum samples
only where individual oxidants such as malondialdehyde levels
and antioxidants such as superoxide dismutase were measured.
In this study, we carried in our laboratory [7] the oxidant, anti-
oxidant status and oxidative stress index (OSI) were evaluated
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in serum and saliva samples of type 2 diabetic Iraqi patients
with proliferative diabetic retinopathy (PDR) and without any
diabetic complications.

EXPERIMENTAL

The participants of the current study were the same partici-
pants of our previous study. The serum and unstimulated whole,
mixed-saliva samples which were collected as previously
mentioned [7] were analyzed for level of total oxidant status
(TOS), total antioxidant status (TAS) and oxidative stress index
(OSI). Both serum and saliva samples were stored frozen at
-20 ºC in polyethylene tubes until they were used for the assay.
The study protocol was approved by the Ethics Committee of
the College of Science, University of Baghdad, Baghdad, Iraq.

Erel's methods were used to determine both TOS and TAS
(µmol H2O2 equiv./L) [8] and TAS (mmol uric acid equiv./L)
[9] in serum and saliva samples. The oxidative stress index
(OSI) which is an indicator of degree of oxidative stress [10]
was calculated as follows:



2 2TOS (µmol H O Eq./L)
OSI (arbitrary unit) 100

TAS (µmol uric acid Eq./L)
= ×

Statistical analysis was carried out using the program Statis-
tical Package for the Social Science (SPSS for windows, version
22). The differences between groups were tested by one-way
ANOVA followed by Tukey analysis to test the differences bet-
ween groups and the P-value was considered significant if it
was < 0.05.

RESULTS AND DISCUSSION

Oxidative stress is one of the parameters which was studied
in serum of different types of diabetes mellitus by measuring
individual oxidant and antioxidant parameters. Determination
of TOS and TAS suggested to be better indicator of the presence
of OSI, its use is likely to be more important than TAS and
TOS values [11]. Therefore, in the current study oxidative stress
status were measured using TOS and TAS in serum and saliva
samples of the Iraqi patients and the results are illustrated in
Table-1.

Upon the comparison between patients without PDR and
the control sample, Table-1 results show that a highly signi-
ficant increase (p < 0.01) of TOS with a significant decrease
of TAS (p < 0.05) is present in the serum sample. At the same
time, there is a highly significant decrease (p < 0.01) in serum
TAS in the patients group with PDR compared to patients
without PDR (Table-1).

The results of present study are in accordance with diffe-
rent studies carried only on serum such as a study by Saha
et al. [6] showed that a significantly higher plasma TOS level
and significantly lower plasma TAS was observed in diabetic
patients compared to controls. Rani and Mythili [5] showed
that there was a significant decrease in the TAS among type 2
diabetes patients and significant increase in their malondi-
aldehyde levels (which was used as an indicator of increased
oxidative stress) in comparison to healthy controls. It also
agrees with a study done by Joseph et al. [4], who reported
that serum TAS was significantly lower in black South African
type 2 diabetes mellitus patients compared to a matched control
group. Ganjifrockwala et al. [3] also showed that there was a
significant increase in oxidative stress and significant decrease
in total antioxidant levels in South African type 2 diabetes
mellitus patients compared with controls. The serum results
were also in accordance with the results obtained by Beyazyildiz
et al. [12] study on Turkish type 2 DM patients, which showed

a significant increase in serum TOS levels but a significant
decrease in serum TAS levels in type 2 patients without diabetic
retinopathy compared to the control sample. Moreover, a
significant decreased serum TAS levels was found on Turkish
type 2 diabetic patients with PDR compared to those without
PDR using the same colorimetric method as described by Erel
[8,9]. The results of the present study were in accordance with
study in Japan conducted by Naruse et al. [13] who reported
that progression of diabetic retinopathy is linked to an increase
in the oxidative stress and a decrease in antioxidative level.

Retina is most tissue prone to oxidative stress damage due
to its rich polyunsaturated fatty acids content, meanwhile it
uses more oxygen than any other tissue in the body [14]. Hyper-
glycemia can induce abnormal metabolism which results in
over-production of free radicals and then leads to oxidative
stress, that results in damages of the tissues in and around retinal
vessels, ultimately resulting in proliferative diabetic retinopathy.
Moreover, the damage caused by oxidative stress keeps on for
a long time, even after the level of blood glucose has returned
to its normal level [15].

Oxidative stress is an imbalance between free radicals form-
ation and their scavenging (antioxidant system) that has been
demonstrated as an increased production of pro-oxidative free
radicals and/or diminished antioxidant defenses in the body
[16]. Blood contains many antioxidants that act to neutralize
ROS, or prevent the release of ions responsible for initiating
lipid peroxidation [17]. Merhan et al. [18] reported that in case
of inflammation and hyperglycemia, antioxidant defense gets
weakens and the increased reactive oxygen species leads to
oxidative stress.

Regarding saliva, a significant increase (p < 0.05) is obvious
in salivary TOS with a significant decrease (p < 0.05) in salivary
TAS of patients without PDR compared to control (Table-1).
While when compared the results of patients with PDR and
those without PDR, a significant increase (p < 0.05) in salivary
TOS is clear. At the same time, there is a highly significant
decrease (p < 0.01) in saliva of TAS in PDR patients group
compared to those without PDR (Table-1). As far as saliva is
concerned, a study in Spain by Arana et al.  [19] through
measurements activity of some salivary antioxidant enzymes
(glutathione peroxidase and glutathione reductase) showed that
there was an increase in salivary oxidative stress parameters
in patients with type 2 diabetes.

The results of present study is confirmed by the calculation
of OSI (Fig. 1) which is an indicator of the degree of oxidative

TABLE-1 
OXIDATIVE STRESS STATUS (MEAN±SD) IN SERUM AND SALIVA SAMPLES OF ALL STUDIED GROUPS 

Serum Saliva 

Groups 
Age 

(years) TOS (µmol 
H2O2 Eq/L) P-value 

TAS (mmol 
uric acid 

Eq/L) 
P-value 

TOS (µmol 
H2O2 
Eq/L) 

P-value 
TAS (mmol 

uric acid 
Eq/L) 

P-value 

Control (n = 30) 50.75±4.95 
(44-59) 

35.84±10.15 
(21.4-55) 

12.65±0.803 
(10.7-14.29) 

1.22±0.743 
(0.31-2.95) 

11.88±0.638 
(10.2-13.1) 

Patients without 
PDR (n = 35) 

55.1±7.29 
(41-68) 

60.29±17.85 
(24.5-80) 

0.0001a** 
11.51±1.01 
(9.57-13.43) 

0.023a* 
2.58±1.44 
(0.44-4.4) 

0.020 a* 
10.28±1.52 
(8-12.56) 

0.014a* 

Patients with 
PDR (n = 60) 

57.34±8.79 
(40-78) 

61.34±18.6 
(26.46-90) 

0.972 10.14±1.76 
(6-11.96) 

0.002b** 3.67±1.92 
(0.78-6.89) 

0.041b* 8.05±2.23 
(4.4-11.45) 

0.0001b** 

aPatients without PDR vs. control; bPatients with PDR vs. patients without PDR; **The difference is highly significant at p < 0.01; *The difference 
is significant at p < 0.05. 
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0.283±0.0837
(0.64-0.461)

0.010±0.006
(0.003-0.02)

0.026±0.014
(0.005-0.05)

0.043±0.026
(0.012-0.09)

0.605±0.206
(0.308-1.02)

0.524±0.165
(0.256-0.747)

b**

a**

a*

Fig. 1. Mean value ± SD of serum and salivary oxidative stress index of all
studied groups

stress (OSI) that serves as an element of balance which reflects
the accurate degrees of imbalance of oxidative stress towards
the antioxidant status [10].

Retina is particularly susceptible to oxidative stress because
of its high energy demands and exposure to light. Diabetic retino-
pathy is an eye disorder affecting the human retina due to pro-
longed hyperglycemia which causes defects in metabolic path-
ways in relation to the affected antioxidant systems, this increases
the production of reactive oxygen species at the retinal level
which finally worsens the diabetic complication [20].  Accumu-
lation of reactive oxygen species contributes to the pathogen-
esis of diabetic retinopathy as well as to the resistance of diabetic
retinopathy to reverse even after good glycemic control is
achieved condition known as metabolic memory phenomenon
[21,22]. Chronic oxidative stress in case of diabetic not only
creates a vicious cycle of damage to membrane lipids, cell’s
proteins, nucleic acids as well as disrupting cellular homeo-
stasis, it also amplifies ROS production by activating other
metabolic pathways including inflammation, polyol pathway,
protein kinase C pathway (PKC), accumulation of advanced
glycation end products (AGEs), and the flux of hexosamine
pathway which are involved in the development of diabetic
retinopathy. All of these mechanisms appear to be associated
with mitochondrial over production of reactive oxygen species
(ROS) which are known to promote the breakdown of blood-
retinal barrier and to alter retinal blood flow [23-25].

To check the possibility of using saliva as a sample of
analysis instead of serum, a Pearson correlation was calculated
between the variation in oxidative stress status profile in saliva
with serum samples. The most obvious noticed results from
Table-2 indicated the presence of a strong correlation (perfect
positive correlation) between the changes in TOS, TAS and
OSI in serum and saliva of all present studied groups.

TABLE-2 
PEARSON CORRELATION BETWEEN SERUM  

AND SALIVA PROTEIN PROFILE OF PATIENTS  
T2DM WITH AND WITHOUT PDR GROUPS 

Parameters Control (n = 30) 
Patients without 

PDR (n = 35) 
Patients with 
PDR (n = 60) 

TOS 0.949** 0.821** 0.836** 
TAS 0.938** 0.895** 0.550** 
OSI 0.925** 0.854** 0.646** 

**Correlation is significant at the 0.01 level (2-tailed). 

 

Conclusion

The differences in the oxidative stress status in serum and
saliva samples of type 2 diabetic Iraqi patients with and without
PDR support the possibility of that oxidative stress plays a
vital role in the development and pathogenesis of type 2
diabetic. The decreased TAS and increased TOS and OSI seem
to be among biochemical parameters which predict the long-
term complications such as PDR. The present study results
also indicate that hyperglycemia seems to affect equally both
serum and saliva TAS values in the PDR. Based on correlation
results (Table-2), one can conclude that saliva may be used as
alternative fluid to serum for measurement of TOS and TAS
in the present study.
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