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SUMMARY

Introduction/Objective Intensive oxidative stress is proven in patients with diabetes mellitus and im-
portant in the development of a microvascular complication of type 2 diabetes mellitus.

The aim of the study was to investigate the relationship between morphometric parameters of retinal
blood vessels in patients with diabetic retinopathy (DR) and the levels of parameters of oxidative stress:
advanced oxidation protein product (AOPP), thiobarbituric acid reactive substances (TBARS), and total
sulfhydryl (SH) groups in blood samples.

Methods The patients (the group with DR and controls) were sex- and age-matched. Glycaemia, hemo-
globin ATC HbA1C, total cholesterol and its fractions, and triglycerides were measured in blood samples.
AOPP and total SH groups were determined in the plasma by specific methods. Modification of the
thiobarbituric acid method was used for the determination of TBARS.

The number and diameter of retinal blood vessels, as morphometric parameters on digital retinal photog-
raphy, was determined by using the ImageJ software. Student’s t-test was used as the statistical method
for the evaluation of differences between the morphometric and blood test parameters. The significance
of differences in morphometric parameters of retinal blood was establish by one-way ANOVA.

Results Significantly higher levels of parameters of oxidative stress (AOPP and TBARS) were in the group
of patients with DR than in the controls. This difference was also present among the patients with mild
and severe forms of DR (AOPP F 77.03, p < 0.001) (TBARS F 63.28, p < 0.001).

The diameter of retinal blood vessels correlated with levels of AOPP, but only in patients with mild DR.
Conclusion Parameters of oxidative stress, AOPP and TBARS, may be important for the follow-up of DR.
In early stages in diabetic retinopathy, AOPP can be a valuable biomarker.
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INTRODUCTION

A vision-threatening microvascular complica-
tion of diabetes reported in about one-third of
patients is diabetic retinopathy (DR) [1].

According to American Diabetes Association
and Diabetic Retinopathy Guidelines, DR can be
categorized as early non-proliferative diabetic
retinopathy (mild NPDR), moderated and se-
vere, or pre-proliferative diabetic retinopathy
(PPDR), and proliferative diabetic retinopathy
(PDR) [1]. Microaneurysms and blot hemor-
rhages are clinical sings of mild non-proliferative
DR. In the middle stages, NPDR hard exudates,
maculopathy, venous changes, retinal capillary
loss and ischemia, cotton wool or soft exudates,
dot, blot spots, and extensive intraretinal hem-
orrhages are present [2]. Neovascularization,
preretinal and vitreous hemorrhage, fibrovas-
cular proliferation, and retinal detachments are
present in patients with PDR [2].

Retinal tissue is rich in polyunsaturated fatty
acids, is directly exposed to UV radiation and

has high demand for energy, which makes it
prone to oxidative stress. Oxidative stress is
proven in patients with DM and is also impor-
tant in the development of a microvascular
complication of DMT2 [3-6].

The objective of this paper was to investigate
the correlation of the number and the diam-
eter of retinal blood vessels as morphometric
parameters and oxidative stress parameters —
oxidation protein product (AOPP), thiobar-
bituric acid reactive substances (TBARS) and
total sulfhydryl (SH) groups, as the parameter
of antioxidative defense in patients with dia-
betic retinopathy.

METHODS
Subjects
The study included 51 Caucasian patients. Sev-

enteen patients (nine males and eight females)
were with mild NPDR and nine patients (four
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females and five males) had PPDR. The control group in-
cluded 25 healthy individuals (14 males and 11 females).
Family history of diabetes was negative. The excluding
criteria were intraocular inflammatory diseases (scleritis,
uveitis), glaucoma and age-related macular degeneration,
smoking, use of angiotensin receptor blockers, antioxi-
dants or mineral supplements, any previous ophthalmic
surgical or laser interventions. The study was performed at
the Clinic for Eye Diseases, at the Center for Biochemical
Research of the Clinical Centre Nis, and the Department of
Biochemistry, Faculty of Medicine, University of Nis, Ser-
bia. All the patients were informed about the methods and
the aim of the study, and their written informed consent
to participate was obtained. The study was performed in
agreement with the rules and was approved by the Internal
Ethic Committee of the Faculty of Medicine in Nis.

In all subjects, the ophthalmic examination attains the
following: best corrected visual acuity, tonometry, anterior
segment and posterior segment examination by indirect
ophthalmoscopy, fundus photography, and fluorescein
angiography. Fundus photography and fluorescein angi-
ography were done in all the patients with DR, under the
same conditions, using the same digital fundus camera
and by the same ophthalmologist. ETDRS classification
was used for the staging of the DR [2].

Blood chemistry analysis

Glycaemia, HbA1C, total cholesterol and its fractions
(LDL-C and HDL-C), and triglycerides were measured
in blood samples with AU680 clinical chemistry analyzer
(Olympus Corporation, Tokyo, Japan). The samples were
collected in early morning on an empty stomach.

AOPP was determined in the plasma using the meth-
od of Witko-Sarsat et al. [7]. The concentration of AOPP
groups was expressed in pmol/L.

Total SH concentration was determined by using
5-5’-dithiobis-(2-nitrobenzoic acid) [8]. Absorbance was
measured at 412 nm against blank samples and expressed
as mmol/L. Concentrations of SH groups were expressed
in pmol/L.

TBARS were determined by the modification of the
TBA method [9]. The concentration of TBARS was ex-
pressed in pmol/L.

Morphometric analysis

Morphometric analysis of the digital fundus photography
was preformed using the ImageJ software in all examined
participants. Both eyes in each patient were analyzed (Fig-
ures 1 and 2). According to the manufacturer instructions,
spatial calibration for the magnification of retinal digital
camera (1 pixel = 17.7 um) was used. In the first phase
of the morphometric analysis, the optic disc Ferret’s di-
ameter (D), circularity, and centroid were measured.
Subsequently, in the second phase we applied the “con-
centric circles” plugin in order to divide retinal images
into five concentric zones whose center was the centroid
of the optic disc (Figure 1). The first concentric area was
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Figure 1. Digital fundus photography with concentric zones - the
right eye

Zone lll
Zone ll

Figure 2. Digital fundus photography with concentric zones - the
left eye

the optic papilla and the area next to it was marked as the
first zone (zone I). Other zones (zones I1-V) were marked
according to the gradual increase of their distance from
the optic disc. The zones were constructed as equal and
their size in different patients depended on the optic disc
location in the retinal images. Macular region was located
in zones II and III. The number of retinal blood vessels in
each retinal zone, including the optic disc was established
with the “cell counter” plugin. In the case of blood vessel
bifurcations, two newly formed blood vessels were counted
as separate vessels. The outer diameter of all counted blood
vessels (D, ) in one zone was measured at three different
localizations in each of them, and then the mean value
was calculated. The same method was used in the study
by Ceki¢ et al. [10].

Statistical method

Statistical package NCSS PASS 2007 (National Council
for the Social Studies, USA) was used for the statistical
analysis. Kruskal-Wallis one-way ANOVA test and Dunn’s

post-hoc test were used to compare median values between
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Table 1. Mean values of measured parameters in blood of evaluated
groups

Parameter | Group n Mean | SD F p
Control 25 | 5212 | 6.19

Age Mild NPDR 17 | 5771 | 790 | 2.65 n.s.
PPDR 9 55.78 | 11.61
Control 25 5.08 | 0.52

HbA1c (%) | Mild NPDR 17 7.99 1.52 | 39.52 | <0.0001
PPDR 9 8.64 | 2.07
Control 25 |300.96 | 63.52

SH Mild NPDR 17 |401.83| 50.18 | 24.08 | < 0.0001
PPDR 9 |267.89| 27.04
Control 25 | 31.11 | 4.06

AOPP Mild NPDR 17 | 47.51 | 10.82 | 77.03 | <0.0001
PPDR 9 | 87.09 | 22.92
Control 25 | 12.08 | 1.77

TBARS Mild NPDR 17 | 16.15 | 1.03 | 63.28 | <0.0001
PPDR 9 | 20.71 | 3.68

HbA1C - hemoglobin A1C; SH - total sulfhydryl groups; AOPP - advanced
oxidation protein product; TBARS - thiobarbituric acid reactive substances;
NPDR - non-proliferative diabetic retinopathy; PPDR - pre-proliferative
diabetic retinopathy;

Control vs. |, p < 0.0001; mild NPDR vs. PPDR, p < 0.0001; control vs. II,
p < 0.000

the groups, while Mann-Whitney U-test was used in case
of two groups.

Correlations between parameters were established by
Spearman’s rho (p).

RESULTS

The patients were classified into two groups according to
changes detected by indirect ophthalmoscopy, fundus pho-
tography, and fluorescein angiography. ETDRS classifica-
tion was used. In patients with mild DR, a small number
of microaneurysms was detected. Microaneurysms, dif-
ferent forms of hemorrhage (dot, blot spots, and intra-
retinal hemorrhages) and cotton walls, venous bleeding
and intraretinal vascular abnormalities (IRMAs) in two
or more quadrants were detected in the group of patients
with PPDR.

The mean age of the examined group of patients and
results of the median values of evaluated parameters of
blood are presented in Table 1. Median duration of DMT2
in the two groups of patients was not statistically different
(Z =1.89, p =0.06) (Table 1). The levels of hemoglobin
A1C (HbA1C) were higher in the group with very severe
form and were significantly higher than those in the group
with mild NPDR (Z = 2.26, p < 0.001).

The values for AOPP and TBARS as biomarkers of oxi-
dative stress, and total SH groups as parameter of antioxi-
dative defense are presented in Table 1. The values for SH
group were higher in group with mild NPDR than in con-
trols and group of patients with PPDR (F 24.08, p < 0.001).

Levels of AOPP were significantly higher in group of
patients with DR than in controls, as well as among the
two different groups with different form of DR (F 77.03,
p < 0.001) as well as levels of TBARS (F 63.28, p < 0.001).

‘ DOI: https://doi.org/10.2298/SARH180227046C
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The results of the morphometric analysis were used for
cluster analysis (k-means method) and mean values are
given in Table 2. These tables also present the results of
the Student’s t-test.

The values of the average number of observed blood
vessels increased from the optic disc towards zone III and
then decreased gradually towards zone V. The average
number of blood vessels per zone showed a similar trend
on the left side in the group of patients with mild NPDR.
In the group with PPDR in zones I, II, and III there was a
significantly higher average number of blood vessels than
in the optic disc and zones IV and V.

The average blood vessel outer diameter decreased from
the optic disc towards zone V, and this decrease was sig-
nificant on the right side in mild NPDR and in PPDR.

The outer diameter of the blood vessels in zones III, IV,
and V was significantly (p < 0.05) lower than in the optic
disc. This parameter showed a similar trend in mild NPDR
and PPDR. On both eyes and in both groups of examined
patients (NPDR and PPDR), the outer diameter of blood
vessels decreased from the optic disc towards zone V.

Finally, correlation analysis revealed that the outer di-
ameter positively correlated with the levels of AOPP (Table
3). This correlation was present on the optic disc and in
zones I-III and only for patients with the early or mild
form of NPDR. The levels of SH groups also had similar
correlation with morphological parameters of blood vessels
but not in all the zones and only in the group of patients
with PPDR (Table 4). This correlation was not present for
levels of TBARS (Tables 3 and 4).

DISCUSSION

Oxidative stress is proven in patients with DM and in
pathogenesis of the microvascular complication [11, 12].
The objective of the present study is to investigate the cor-
relation between the levels AOPP and TBARS with the
severity of the disease and morphometric parameters of
retinal blood vessels.

in plasma of examined patients with DR, significantly
higher levels of AOPP and TBARS were present, which
correlated positively with the progression of DR (Table 1).
Correlation analysis revealed that AOPP and the diameter
of retinal blood vessels correlated positively in patients
with mild, early stage of DR (Table 3). According to this
result, AOPP maybe a biomarker of early changes in DR.

In diabetes, the formation of AOPP is induced by inten-
sified glycoxidation processes, oxidant-antioxidant imbal-
ance, and coexisting inflammation. The role of AOPP in
pathogenesis of DR could be explained by its structural
and biological similarity with advanced glycation prod-
uct (AGE) [13]. Also, it is proposed that AOPP expresses
proinflammatory activities [13, 14].

AOPP accumulation contributes to DR thought direct
tissue damage effects, as well as thought the activation of
specific AGE receptors (RAGE) [13, 14, 15]. RAGE acti-
vation induces permeability of microvascular endothe-
lial cells and the production of reactive oxygen species
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Table 2. Number and diameter of retinal blood vessels on the right and the left eye in the examined zones

Right eye Left eye
Zone Parameter Group n = p = p
X +SD X +SD
Control 25 18.34+3.33 1844 +£3.15
Number Mild NPDR 17 17.77 £3.77° 0.05 16.33 + 3.66° 0.05
L PPDR 9 14.01 +3.49%° 0.05 14.56 +3.18%° 0.05
Optic disc
Control 25 74.89 +10.35 7433 £8.04
DBV (um) Mild NPDR 17 83.66 + 5.66° 0.05 85.33+£9.17° 0.05
PPDR 9 94.77 +12.28* 0.05 93.05 + 14.172» 0.05
Control 25 29.87 +£5.610 29.989 +4.982
Number Mild NPDR 17 2795+5.111° 0.05 30.000 + 6.9222 0.05
Zonel PPDR 9 24.11 £ 4.106*° 0.05 26.333 £ 4.472%° 0.05
Control 25 74.287 +8.317 76.579 +7.563
DBV (um) Mild NPDR 17 79.043 £ 6.660* 0.05 79.455 + 8.5512 0.05
PPDR 9 93.300 + 10.643* 0.05 91.888 +12.2112% 0.05
Control 25 43.760 + 8.828 40.67 +8.079
Number Mild NPDR 17 39.294 + 2.289* 0.05 38.29 + 8.308° 0.05
Zonell PPDR 9 28.667 + 7.382%° 0.05 30.00 + 7.104%° 0.05
Control 25 64.194 £ 8.052 64.312+£7.166
DBV (um) Mild NPDR 17 68.537 £7.768° 0.05 66.964 + 8.262° 0.05
PPDR 9 83.959 + 11.610*° 0.05 85.284 + 14.9712° 0.05
Control 25 4442 +7.070 4297 +£10.725
Number Mild NPDR 17 41.65 £ 11.096° 0.05 39.75+9.333 NS
Zonell PPDR 9 26.01 + 11.34230 0.05 25.11 £9.033° 0.05
Control 25 59.389 £ 8.591 60.269 £ 10.111
DBV (um) Mild NPDR 17 62.994 +8.321° 0.05 59.733 £7.566 NS
PPDR 9 77.766 + 10.042%> 0.05 76.198 + 13.220%° 0.05
Control 25 36.54 +£7.832 31.32+£7.966
Number Mild NPDR 17 35.86 +8.377° 0.05 3417 £10.979* 0.05
Zone IV PPDR 9 23.45+11.222° 0.05 19.00 + 7.882%° 0.05
Control 25 55.60 + 6.683 57.676 £11.333
DBV (um) Mild NPDR 17 56.376 £4.518* 0.05 57.767 £10.152° 0.05
PPDR 9 75.043 + 8.860*° 0.05 71.884 + 14.044%> 0.05
Control 25 21.40 £5.991 16.76 £ 6.023
Number Mild NPDR 17 21.55 +5.666 NS 15.47 +6.135° 0.05
ZoneV PPDR 9 13.33 £4.242% 0.05 10.78 + 4.764%° 0.05
Control 25 56.110 = 6.406 61.805 + 15.052
DBV (um) Mild NPDR 17 56.555 £ 6.731 NS 59.487 £10.324° 0.05
PPDR 9 75.012 £ 11.334% 0.05 74.795 + 17.345%0 0.05

DBV - blood vessel diameter; NPDR - non-proliferative diabetic retinopathy; PPDR - pre-proliferative diabetic retinopathy;

p < 0.05 vs. controls;
bp < 0.05 vs. mild NPDR

Table 3. Correlation between the number and the diameter of retinal blood vessels and AOPP, SH groups and TBARS in mild NPDR patients

Right eye
Parameter RPC RPD, | RPN,, | RPD,, | RZ1N,, | RZ1D,, | RZ2N,, | RZ2D,, | RZ3N,, | RZ3D,, | RZ4N,, | RZ4D,, | RZ5N,, | RZ5D,,
R | 0.143 | 0.252 | -0.513 | 0.074 | -0.08 0.27 | -0.256 | -0.285 | -0.035 | -0.257 | 0.116 | -0.162 | 0.216 | 0.022
SH p | 0585 | 033 | 0035 | 0777 | 0.76 | 0.294 | 0.321 | 0.268 | 0.893 | 0.32 | 0.658 | 0.535 | 0.404 | 0.933
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17
R | -0.509 | 0.287 | -0.135 | -0.492 | -0.198 | -0.493 | 0.016 | -0.181 | 0.475 | -0.151 | 0.153 | -0.372 | 0.072 | -0.084
AOPP p | 0037 | 0.265 | 0.605 | 0.045 | 0.445 | 0.045 | 0.953 | 0.047 | 0.054 | 0.043 | 0557 | 0.142 | 0.784 | 0.749
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17
R |-0342 | 037 |-0.193 | -0.231 | 0.374 | 0.032 | 0.135 | -0.104 | 0.222 | 0.058 | -0.302 | 0.128 | -0.258 | 0.104
TBARS | p | 0.178 | 0.144 | 0459 | 0373 | 0.139 | 0.904 | 0.607 | 0.692 | 0.391 0.826 | 0.238 | 0.625 | 0.317 0.69
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17
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Left eye
Parameter LPC LPD, | LPN,, | LPD,, | LZIN,, | LZ1D,, | LZ2N,, | LZ2D,, | LZ3N,, | LZ3D,, | LZAN,, | LZAD,, | LZ5D, | LZ5N,,
R | 0.086 | 0.009 | -0.241 | 0.108 | -0.166 | 0.238 | -0.351 | 0.369 | -0.361 | 0.412 | -0.374 | 0.507 | -0.237 | 0.153
SH p | 0743 | 0972 | 0352 | 0.681 0.525 | 0.358 | 0.168 | 0.145 | 0.155 0.1 0.139 | 0.038 | 0.359 | 0.556
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17
R | -0.565 | 0.512 | -0.286 | -0.044 | -0.362 | 0.402 | -0.34 | 0333 | -0.06 | -0.285 | 0.103 | -0.007 | -0.067 | 0.143
AOPP | p | 0.018 | 0.036 | 0.266 0.05 0.153 0.01 0.182 | 0.052 0.82 0.267 | 0.693 | 0979 | 0.798 | 0.585
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17
R | -0.548 | 0.409 | -0.141 | 0.093 | 0.028 | 0.052 | -0.44 | 0.053 | -0.368 | -0.206 | -0.327 | 0.131 | -0.255 | 0.309
TBARS | p | 0.023 | 0.103 0.59 0.723 | 0914 | 0.844 | 0.077 | 0.839 | 0.146 | 0.428 0.2 0617 | 0.324 | 0.228
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17

SH - total sulfhydryl groups; AOPP — advanced oxidation protein product; TBARS - thiobarbituric acid reactive substances; NPDR - non-proliferative diabetic
retinopathy; PPDR - pre-proliferative diabetic retinopathy; PC - papillar circularity; PD, - papillar diameter; PN, - papillar number of blood vessels;

PD,, - diameter of blood vessels on papilla / optic disc; L - left eye; R - right eye; Z — zone; N, — number of blood vessels; D, — diameter of blood vessels

Table 4. Correlation between the number and the diameter of retinal blood vessels eye and AOPP, SH groups, and TBARS in PPDR patients

Right eye

Parameter | RPC | RPD, | RPN, | RPD,, |RZIN,, | RZ1D,, | RZ2N,, | RZ2D,, | RZ3N,, | RZ3D,, | RZ4N,, | RZ4D,, | RZ5N,, | RZ5D,,
0.654 | 0.093 | 0.186 | -0.008 | 0.457 | 0.111 | 0.281 | 0378 | 0.18 | 0.268 | 0.396 | -0.327 | -0.131 | 0.587

SH p | 0056 | 0.812 | 0.631 | 0984 | 0216 | 0.777 | 0.464 | 0316 | 0.644 | 0485 | 0.292 | 0.391 | 0.737 | 0.097
N 9 9 9 9 9 9 9 9 9 9 9 9 9 9

R | 0.032 | 0.151 | 0332 | -0.095 | -0.436 | 0.441 | -0.585 | 0319 | -0.496 | -0.089 | -0.531 | 0.482 | -0.326 | 0.231

AOPP |p | 0935 | 0.697 | 0383 | 0.807 | 0.241 | 0.234 | 0.098 | 0402 | 0.174 | 0.82 | 0.141 | 0.189 | 0.392 | 0.5
N 9 9 9 9 9 9 9 9 9 9 9 9 9 9

R | -0.068 | 0.151 | 0.367 | -0.32 0 0.059 | -0.335 | 0.281 | -0.458 | 0.385 | -0.309 | 0.362 | -0.41 | 0.284
TBARS |p | 0.861 | 0699 | 0331 | 0.401 1 0.879 | 0379 | 0464 | 0215 | 0307 | 0418 | 0339 | 0.273 | 0.459
N 9 9 9 9 9 9 9 9 9 9 9 9 9 9

Left eye

Parameter | LPC | LPD. | LPN,, | LPD,, |LZIN,, | LZ1D,, | LZ2N,, | LZ2D,, | LZ3N,, | LZ3D,, | LZ4N,, | LZ4D,, | LZ55N,, | RZ5D,,

036 | -0.083 | 0687 | -0.63 | 0.657 | -0.632 | 0395 | -0.764 | 067 | -0.82 | 045 | -0.69 | -0.024 | -0.296

SH |p| 0342 | 0832 | 0.041 | 0.069 | 0055 | 0068 | 0.293 | 0.017 | 0.048 | 0.007 | 0225 | 0.04 | 0.951 | 0.439
N| 9 9 9 9 9 9 9 9 9 9 9 9 9 9

R | 0.281 | -0.307 | 0.001 | -0.011 | -0.392 | -0.036 | -0.215 | 0.184 | -0.389 | 0.388 | -0.27 | 0.007 | -0.001 | -0.184

AOPP | p | 0464 | 0422 | 0997 | 0977 | 0297 | 0926 | 0578 | 0.635 | 0301 | 0302 | 0483 | 0.987 | 0.999 | 0.636
N| 9 9 9 9 9 9 9 9 9 9 9 9 9 9
R|-0232 | 0241 | 0224 | -0234 | -03 | -0.325 | -0.291 | -0.039 | -0.263 | -0.112 | 0.079 | -0.208 | -0.232 | -0.409

TBARS | p | 0.548 | 0.533 | 0.563 | 0.544 | 0433 | 0393 | 0.448 | 0921 | 0.495 | 0.774 | 0.839 | 0.591 | 0.548 | 0.275
N| 9 9 9 9 9 9 9 9 9 9 9 9 9 9

SH - total sulfhydryl groups; AOPP - advanced oxidation protein product; TBARS - thiobarbituric acid reactive substances; NPDR - non-proliferative diabetic
retinopathy; PPDR - pre-proliferative diabetic retinopathy; PC - papillar circularity; PD, - papillar diameter; PN, - papillar number of blood vessels;
PD,, - diameter of blood vessels on papilla / optic disc; L - left eye; R - right eye; Z — zone; N, — number of blood vessels; D, — diameter of blood vessels

(ROS). Endothelial damage due to accumulation of AGE,  al. [10]. The remodulation and regression of vascular net

activation of PKC, increased expression of vascular endo-
thelial growth factor and intercellular adhesion molecule
(ICAM-1), and increases in ROS lead to the expression of
endothelial nitrite oxide synthetases. RAGE activation sub-
sequently evokes fibrogenic reaction [11]. Thickening of
the basement membrane coupled with its increased perme-
ability, loss of pericytes leading to diminished vessel wall
tone, and development of protruding microaneurysms,
as well as proliferation of mesangial cells and consequent
obstruction and obliteration of capillaries are results of all
of these processes.

The results of morphological changes in our examined
patients have shown the outer diameter of blood vessels
decreased significantly with the progression of DR (Table
2). The same results are presented in a study by Ceki¢ et

‘ DOI: https://doi.org/10.2298/SARH180227046C

in DR has been in focus of many different studies [12,
13]. Formation of peroxynitrite due to a reaction between
ROS and nitric oxide further causes endothelial dysfunc-
tion. Increased apoptosis of retinal capillary cells is a result
of the damage of the mitochondrial lipid membrane by
ROS. Increased nitrate stress in retinal vascular cells, via
the activation of nuclear transcriptional factor, NF-kB by
AGE, leads to apoptosis of retinal pericytes [12, 16]. Our
results have shown that the levels AOPP correlate with the
severity of DR.

the levels of TBARS are elevated in both groups of pa-
tients with DR and correlate with the severity of disease
(Table 1). However, the levels of this parameter of oxidative
stress did not show a correlation with retinal blood ves-
sels in our study. Similar results are presented in the study

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):706-712
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conducted by Ruia et al. [17]. TBARS serve as potential
biomarkers for DR.

The antioxidant status of a diabetic patient has an im-
portant role in producing oxidative stress and the develop-
ment of vascular complications in patients with DM. The
reports of antioxidants and antioxidant enzymes in DR
patients are contradictory [4, 5, 6, 18]. The total thiol levels
as a marker of antioxidant status in diabetics has shown
to be significantly decreased in patients with DR. In our
study, the levels of total SH group in serum were higher in
NPDR, and significantly lower in PPDR. An inverse corre-
lation between the level of HbA1C and total SH groups in
patients with a moderated form of DR indicate a reduction
in antioxidant status in poorly controlled patients. Sharma
et al. [19] have demonstrated that decreased GSH levels
in patients with PDR are associated with in vivo structural
changes of the retina. These results correlate with our own,
but the precise mechanisms are still unclear. Therefore,
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the levels of total SH groups could be predictive for the
development of DR and its progression.

CONCLUSION

These findings suggest that AOPP and TBARS can be used
as a biomarker for DR and its progression. The levels of
AOPP correlate with the diameter of retinal blood vessels
in the early stage of DR - hence, AOPP may be a parameter
of the early stage of DR.

Limitations of this study that should be noted are the

following: only Caucasian patients were included, the in-
fluence of local and ocular factors on retinal blood vessel
caliber could not be avoided. More precise medical imag-
ing and correlation with the studied parameter are needed.
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YTuuaj npoayKata y3HanpegoBane oKcuaaLmje, CyncTaHLuM PeakTUBHUX ca
TMO6APOUTYPHOM KMCENMHOM U YKYNHUX CYyNDXUAPUAHUX FPpyna HA AujameTap

KPBHMX CyA0Ba peTUHe

Comba Llekuh', TatjaHa LiBeTkosuh?, MBaH JoBaHoBUR?, Mpeppar JosaHosuh', foppaHa CrankoBuh-babuh', Munuua Mewnh?,

MuneHa ByjaHoBUR®

'YHuBep3nTeT y Huwy, MeguumnHckin dakyntet, KnuHnuku uentap Huw, Knuhnka 3a ouHe 6onectu, Huw, Cpbuja;

?Ynusep3utet y Huwy, MeguumHcku dpakyntet, Katenpa 3a 6uoxemujy, Haw, Cpbuja;

*YHueep3utet y Huwy, Meguumtckmn dpakyntet, Kateapa 3a aHatomujy, Huw, Cpbuja;

*YHuBep3uteT y Huwy, MegnumHcki dakyntet, KnnHuuky ueHTap Huw, KnnHuka 3a eHpokprHonorujy, avjabetec u metabonmnyke nopemehaje,

Huw, Cpbuja;
SKnnHnuKi LeHTap Huw, KnuHnka 3a ouHe 6onectu, Huw, Cpbuja

CAMETAK

YBog/LUnm NHTEH3MBHM OKCMAATUBHM CTpec YTBPHEH je Ko
6onecHWKa ca anjabeTecom MeMTYCOM 1 BaXaH je Kop pas-
BOja MMKPOBACKy/apHYIX KOMMVKaLja Anjabeteca menutyca
™na 2.

Linmb Hawwer papa 6vio je yTBphriBatbe Bese n3mehy HrBOa napa-
MeTapa OKCMIATUBHOT CTPeca, NpoAyKarta yop3aHe okcrpauvje
npoteunHa (AOPP) n Tno6apbuTypHO peakTUBHUX CynCTaHLm
(TBARS) n napameTpa aHTMOKCMAATUBHE 3alUTUTE YKYMHE Cyn-
bxmpapunHe rpyne y ysopurma Kpu ca MOPGOMETPUjCKIM
napameTprimMa KOA UCMMTaHUKa ca injabeTMyHOM peTrHomMa-
Tjom (OP).

MeTtop VcntaHuum noperbeHu Ha rpyny 6onecHuka ca [P
KOHTPOSHY rpyny 6unu cy ycknaheHw no nony v y3pacry. Jlabo-
paTopujcke aHanu3e KpBu obyxsaTane cy ogpehrBare rvke-
Muje HawTe, HbA1C, yKynHor xonectepona, dpakuwja LDL, HDL,
Tpurnuuepuga. AOPP 1 cyndxupgpunHe rpyne oapehusaHu cy

DOI: https://doi.org/10.2298/SARH180227046C

y nnasmu ucnutanuka. TBARS ogpebusaH je moandprikoBaHom
MeToLOM TMO6apObUTypHe KucenuHe.

3a MopdoMeTpUjCKy aHann3y KpBHUX CyAOBa peTrHe, 6poj 1
Avjametap, kopuwheH je coptBep Image) 3a aHanu3y aurnTanHe
dotorpaduje ouHor fHa. 3a CTAaTUCTNYKY aHanM3y GUOXEMUJCKIX
1 MoppoMeTpujcKMX MapameTapa KopuwheH je CTyfeHTOB t-
test, a jeaHodaKTOpCKa aHanm3a BapumjaHce (one-way ANOVA)
3a yTBphHyBarbe CTaTUCTUYKY 3HaUajHe pasnnKe.

Pesynratu BpegHoctv AOPP 1 TBARS 6une cy CTaTUCTNYKM 3Ha-
YajHO BULLIE y FPYMU UCMIMTaHVIKa ca y3Hanpegosanom [IP (AOPP
F77,03,p <0,001) (TBARS F 63,28, p < 0,001). BpegHoctn AOPP
Kopenuparsne cy ca BpeaHOCTMMa AnjameTpa KPBHYX Cy0Ba.
3akmyuak BpegHoctv AOPP v TBARS mory 6uTn napameTpu
npaheta pasBoja [P, a BpegHoctvi AOPP mory 6utn briomapkep
paHor ctagujyma [iP.

KmbyuHe peun: jujabeTnyHa peTHOMaThja; OKCUAATUBHY
CTPeC; KPBHU CY0BM peTrHe
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