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Introduction

Abstract

Objective: Retinopathy is a microvascular complication of
diabetes and leading cause of blindness throughout the world. The
proteins as the most chemical substances in the cells are exposed to
oxidative damages of free radicals. The aim of this study was to
evaluate the values of protein oxidation biomarkers in diabetic
patients with retinopathy.

Materials and Methods: This study was done on 30 type 2
diabetic patients with retinopathy as cases and 30 age and sex
matched type 2 diabetic patients without retinopathy as controls. We
measured HbAlc by Ion exchange chromatography and fasting
blood sugar (FBS), cholesterol, triglyceride, urea, creatinine, HDL
and LDL, protein plasma carbonyls (PCO), advanced oxidation
protein products (AOPPS), SH groups and TAC by
spectrophotometry in case and control groups and compared them.
Urine micro albumin was measured in both groups and compared.
Results: the mean of HbAlc, cholesterol, LDL-C, creatinine, PCO
and AOPPS were significantly higher in cases (P-value<0.001). The
mean of TAC and SH groups in case group were significantly less
than control group (P-value<0.002).

Discussion: The oxidative stress in diabetic patients with
retinopathy caused elevation of protein oxidation and increased
progress of diabetic disorders especially eye disorders.

Keywords: Type 2 diabetes, Retinopathy, Protein oxidation

iabetes is a chronic disease and a retinopathy is rarely detected in the first few

major medical problem throughout the

world. The frequency of type 2
diabetic patients is expected to be 333 million
over the next 20 years (1,2). Diabetic
retinopathy is one of the main diabetic
complications. It causes visual impairment and
finally blindness which is result of long-term
accumulated damage to the small blood
vessels in the retina (3). The incidence of

years of diabetes but the incidence increases to
50% by 10 years, and to 90% by 25 years of
diabetes. The prevalence of diabetic
retinopathy is increasing due to prolonged
survival of diabetic patients (4).

Diabetes is associated with increased
modification of proteins. In addition to the
formation and accumulation of advanced
glycation end products (AGEs), a family of
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oxidized protein compounds termed advanced
oxidation protein products (AOPPS) has
emerged as a novel class of inflammatory
mediators. AOPPS are the dityrosine
containing and cross linked protein products
(5-7). They are supposed to be structurally
similar to AGE proteins and it’s biological
activities as AGEs, induce pro-inflammatory
cytokines and adhesive molecules (5,6).
AOPPS are recognized as markers of oxidative
damage to proteins, the intensity of oxidative
stress and inflammation (8). Studies have
already suggested that AOPPS plays a major
role in the development of diabetic retinopathy
).

Different studies showed variable results about
altered values of advanced oxidation protein
product (AOPPS) and plasma total antioxidant
capacity (TAC) in diabetes (10-14). We tried
to evaluate the values of protein oxidation
biomarkers in diabetic patients  with
retinopathy and compared them with diabetic
patients without retinopathy as control group.
Furthermore we measured and compared
fasting blood glucose (FBS), HbAlc, lipid
profile, urea, creatinine and urine micro-
albumin in the case and control groups.

Materials and Methods

This was a case and control study. The study
populations were 30 type 2 diabetic patients
with retinopathy who were referred to Yazd
diabetic center as case group. They were
matched (age and sex) with 30 type 2 diabetic
patients without retinopathy as control group.
The fasting blood samples of the study patients
were taken and glycosylated hemoglobin was
measured by Ion exchange chromatography
(model VS5). Blood samples were collected in
tube containing heparin. Plasma was obtained
by centrifuging blood at 1800xg for 10 min at
4C. The FBS, cholesterol, triglyceride, urea
creatinine, HDL and LDL were measured by
parsazmone test. Urine micro-albumin was
measured by nephelometry method.

Determination of Plasma protein
carbonyls (PCO)

Plasma protein carbonyls (PCO) content was
measured according to procedure of Levine et
al (15). PCO groups react with 2-4
dinitrophenylhydrazones (DNPH) to generate
chromophoric dinitrophenylhydrazones.
DNPH was dissolved in HCL, and after the
DNPH reaction proteins were participiated
with an equal volume of 20% (W/v)
trichloroacetic acid and washed three times
with 4 ml of ethanol/ethyl acetate mixture
(1:1). Finally, the precipitates were dissolved
in 6 M quinidine HCL solution and absorbance
were measured at 370 nm.

Estimation of plasma AOPPs level
Determination of AOPPs in plasma was based
on spectrophotometric detection according to
Witko-Sarsat et al (7). Briefly, 200 ml of
plasma (diluted 1:5 with phosphate-buffered
saline (PBS) as test,200ml of chloramines- T
solution (0-100 micromol/L) for calibration
and 200 ml of PBS were applied.10 microliter
of 1.16M potassium iodide and 20 microliter
of acetic acid were added and absorbance at
340 nm was measured immediately by
spectrophotometer.

Determination of Thiol groups (SH
groups)

Plasma SH groups was estimated according to
Kitajima’s method (16), based on the ability of
SH group to reduce 55— dithiobis 2
nitrobenzoic acid (DTNB) and form yellow
colored anionic product whose absobance is
measured at 412 by spectrophotometer.
Estimation of Total antioxidant -capacity
(TAC)

Total antioxidant capacity of plasma was
estimated by DPPH reduction assay as
descibed by Janaszewks et al (17). Briefly 0.1
ml of plasma in phosphate buffered solution
(10 micromolar, pH 7.4) was incubated in
methanolic solution of DPPH (0.1 mM).
Absorbance at 517 nm was measured after 30
min of incubation with vigorous shaking. The
activity of DPPH was calculated from
equation: Activity [% of DPPH reduction] =
[(A-AXx)/A] x 100, where A is absorbance of
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DPPH solution with methanol, Ax is
absorbance of DPPH solution with plasma.

Statistical analysis

Statistical differences were analyzed with
Students T-test and the differences were
considered to be significant with P-
value<0.001).

Results

There were no significant differences between
age, BMI, blood glucose, triglyceride, HDL-C
and urine micro-albumin in type 2 diabetic
patients with retinopathy (case group) and
without retinopathy (control) .There were
Significant differences between -cholesterol,
LDL-C, HbAlc and creatinine in case and
control groups. Also in this study the mean of
PCO and AOPPS, in the type 2 diabetic
patients with retinopathy were more than the
type 2 diabetic patients without retinopathy
(P-value<0.001). Mean of and plasma TAC
and SH groups in diabetic patients with
retinopathy were significantly less than
diabetic patients without retinopathy (P-
value<0.002).

Discussion
Oxidative stress increases in diabetic retina

with hyperglycemia, causes retinal basement
membrane thickening (18-20). Diabetes
mellitus increases oxidative stress and induces
vascular leakage and increased retinal vascular
permeability, perhaps causing macular edema
which correlates with vision loss in diabetic
retinopathy patients (21-23). During long time
hyperglycemia advanced glycation end
product formation and other tissue proteins,
are increased (24). So the aim of this study
was evaluation of plasma protein oxidation
biomarkers in type 2 diabetic patients with
retinopathy.

The risk of blindness was correlated with the
degree of retinal hard exudates, reducing
serum lipid levels in patients with diabetic
retinopathy (25). The results of our study
showed that there were significant increases in
mean of LDL, HbA1C, creatinine, PCO,
AOPPS, TAC and decrease in SH group levels
in diabetic patients with retinopathy in
comparison with diabetic patients without
retinopathy.

This is consistent with the study carried out by
Yan et al and Faulkner et al .They showed the
relationship between diabetes and increase in
serum LDL and HbAlc (26,27).

Protein carbonyl content is actually the most
general indicator and by far the most
commonly used marker of protein oxidation.

Table 1. Demographic profile and biochemical tests of blood and urine

Mean + SD

Mean + SD

LTI Control Group Case Group LS
Age (Years) 59.13 £0.67 59.16 +£0.66 0.97
BMI (Kg/m®) 26.7+0.3 27.5+0.3 0.133
FBS (mg/dl) 165+37.2 156+ 33.1 0.309
Cholesterol (mg/dl) 149.93+ 24.38 167.67+31.01 0.016
Triglyceride (mg/dl) 160.66+ 33.5 171+34.71 0.23
HDL - C (mg/dl) 33.22+6.59 32914212 0.369
LDL-C (mg/dl) 132.22+ 6.59 159.66+5.94 0.000
HbAlc (%) 6.77+1.01 8.36+1.01 0.000
Urea (mg/dl) 39.33+£8.42 43.64+10.77 0.0807
Creatinine (mg/dl) 0.739+ 0.067 1.53+£0.33 0.000
Urea Microalbumin (mg/dl) 17.56+ 6.1 18.67+3.11 0.296

Table 2. Protein oxidation biomarkers in control and case groups

Mean + SD

Mean *= SD

Biomarkers Control Group  Case Group P-value
PCO (umol/gm of protein) 0.88+0.22 1.32+£0.3 0.000
AOPPs (umol/L) 0.55+0.94 1.65+0.34 0.000
DPPH (umol/l) 0.93+0.48 0.78+0.12 0.000
SH-group (umol/L) 1.69+ 0.28 1.44+ 0.94 0.002
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Accumulation of protein carbonyls has been
observed in several human diseases including
diabetes (28). In this study the mean of PCO in
the type 2 diabetic patients with retinopathy
was significantly more than type 2 diabetic
patients without retinopathy (P=0.00). Our
result congregates with findings of Aparna A.
Sagare et al. They observed that PCO were
significantly (P<0.001) elevated in diabetes
when compared with healthy subjects (29) .
AOPPS is a marker of protein damage.
Increased AOPPS levels in patients with
diabetic retinopathy were reported. Baskol et
al found that AOPPS increased in diabetes
patients. They found that plasma levels of
AOPPS were significantly higher in diabetic
patients with retinopathy (7). Kaushik Kar et
al observed that AOPPS increase significantly
in type 2 diabetes (30).

One of the antioxidant systems is the SH
groups (30). Decreases and functional defects
arise in the SH groups is as a result of the
exposure of proteins to oxidative stress
(31,32). Ceriello et al, compared the plasma
total SH groups levels of patients with type 2
DM followed up by diet or receiving oral anti-
diabetic treatment with those of the control
group made up of healthy individuals and
found that the total plasma SH groups

References

1. Park K. Diabetes mellitus. In: Textbook of
preventive and social medicine. 22nd ed. Jabalpur
India: Banarasidas Bhanot 2013;362-7.

2. International Diabetes Federation. Diabetes e-Atlas.
2005. Available at http;//www.eatlas.idf.org.

3. Frank RN. Diabetic retinopathy. New England
Journal of Medicine, 2004350(1):48-58.

4. Aylward GW. Progressive changes in diabetics and
their management. Eye, 2005;19(10),1115-8.

5. Wei XF, Zhou QG, Hou FF, Liu Bei, Liang M.
Advanced oxidation protein products mesengial cell
perturbation through PKC dependent activation of
NADPH oxidase. American j of physiol
2009;296(2):427-37.

6. Shi XY, Hou FF, Niu HX, Wang GB, Xie D, Guo
ZJ], et al. Advanced oxidation protein products
promote inflammation in diabetic kidney through
activation of renal nicotinamide adenine
dinucleotide  phosphate  oxidase.  Endocrinol
2008;149(4):1829-39.

concentration was significantly low in the
diabetic group (33). Collier et al. also showed
that the plasma SH groups levels in patients
with type 2 DM significantly decreased (34).
Our results showed that mean of SH in
diabetic patients with diabetic retinopathy was
less than diabetic patients without retinopathy
which was significant (P=0.002). Oxidative
damage plays a role in the pathogenesis of
many ocular degenerative diseases (35). HM
Ucgun et al research on diabetic retinopathy
patients showed that serum TAC decreased in
these patients as compared to control group
(36). Furthermore, Caner et al, found that the
serum TAC value was significantly lower in
diabetic retinopathy patients than the control
group (37).

Conclusions

The results of our study indicated that serum
TAC level was significantly lower in the
diabetic patients with retinopathy than diabetic
patients without retinopathy group (P=0.000).
Our results support the idea that, oxidative
stress in diabetic patients with retinopathy
caused alteration of the protein oxidation
biomarkers.

7. Witko-Sarsat V, Friedlander M, Capeillere-Blandin
C. Advanced oxidation protein products as a novel
marker of oxidative stress in uraemia. Kidney Int
1996;49:1304-13.

8. Piwowar A. Advanced oxidation protein products.
Part 1. Mechanism of formation, characteristics and
property. Pol Merkur Lekarski 2010;28(164):166-9.

9. Ng ZX, Chua KH, Igbal T, Kuppusamy UR.
Soluble receptor for Advanced Glycation End
Products (sRAGE)/pentosidine ratio: A potential
risk factor determinant for type 2 diabetic
retinopathy. Int J Mol Sc 2013;14(4):7480-91.

10. Kostolanska J, Jakus V, Barak L. HbAIC and
serum levels of advanced glycation and oxidation
protein products in poorly and well controlled
children and adolescents with type 1 diabetes
mellitus. Int J Pediatr Endocrinol Metab
2009;22(5);433-42.

11. Piwowar A. Advanced oxidation protein products.
Part II. The significance of oxidation protein
products in the pathomechanism of diabetes and its

206 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME &, NUMBER 4, WINTER 2016


https://ijdo.ssu.ac.ir/article-1-324-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2025-07-12 ]

N. Parsaeyan et al.

complications. Pol merkur Lekarski

2010;28(165):227-30.

25.

Harman-Boehm I, Sosna T, Lund-Andersen H,
Porta M. The eyes in diabetes and diabetes through

12. Aslam M, Sabuncu T, Koeyiquit A, Celik H, Selek the eyes. Diabetes Res Clin Pract. 2007;78:51-8.

S. Relationship between total oxidant status and 26. Yan Z, Liu Y, Huang H. Association of
severity of diabetic nephropathy in type 2 diabetic glycosylated hemoglobin level with lipid ratio and
patients. Nutr  Metab Cardiovasc Dis individual lipids in type 2 diabetic patients. Asian
2007;17(10):734-40. Pac J Trop Dis. 2012;5:469-71.

13. Kalousova M, Skrha J, Zima T. Advanced 27. Faulkner MS, Chao WH, Kamath SK, Quinn L,
glycation end products and advanced oxidation Fritschi C, Maggiore JA, et al. Total homocysteine,
protein products in patients with diabetes mellitus. diet, and lipid profiles in type 1 and type 2 diabetic
Physiol Res 2002;51:597-604. and nondiabetic adolescents. J Cardiovasc.

14. Saygili EI, Aksoy SN, Gurler B, Aksoy A, Erel O, 2006;21(1):47-55.

Ozaslan M. Oxidant/Antioxidant status of patients  28. Chevion M, Berenshtein E, Stadtman ER. Human
with diabetic and senile cataract. Biotechnol and studies related to protein oxidation: protein
biotechnol eq 2010;24(1):1648-52. carbonyl content as a marker of damage. Free Radic

15. Levine RL, Garland D, Oliver CN, Amici A, Res 2000;33:99-108.

Climent I, Lenz AG, et al. Determination of 29. Aparna A, Sagare, Dheeraj J. Protein Carbonyl &
carbonyl content in oxidativity modified proteins. Microalbuminuria in Type 2 Diabetes Mellitus.
Methods Enzymol 1990;186:464-78. Indian Journal of Basic & Applied Medical

16. Kitajama H, Amaguchi T, Kinoto E. Hemolysis of Research 2012:5(2);399-404.
human erythrocytes under hydrostatic pressure is  30. Kar K, Sinha S. Evaluation of protein oxidation and
supressed bu cross-linking of membrane proteins. J its association with total oxidants and antioxidants
Biochem 1990;108:1057-62. among type 2 diabetics in Asians. Journal of

17. Janaszewska a, Bartosz G.Assay of total Diabetology. 2015;6(1):4.
antioxidant capacity: Comparision of four methods ~ 31. P Di Mascio P, Murphy ME, Sies H. Antioxidant
as applied to human blood plasma. Scand J Clin defense systems: the role of carotenoids,
Lab Invest 2002;62:231-6. tocopherols, and thiols. The American journal of

18. Wild SH, Roglic G, Green A, Sicree R, King H. clinical nutrition. 1991 Jan 1;53(1):194-200.
Global prevalence of diabetes: estimates for the 32. E. Cadenas. Biochemistry of oxygen toxicity.
year 2000 and projections for 2030: response to Annual Review of Biochemistry 1989;58:79-110.
Rathman and Giani. Diabetes care. 2004 Oct 33. Ceriello A, Bortolotti N, Falleti E, Taboga C,
1;27(10):2569. Tonutti L, Crescentini A, Motz E, Lizzio S, Russo

19. Mohamed Q, Gillies MC, Wong TY. Management A, Bartoli E. Total radical-trapping antioxidant
of diabetic retinopathy: a systematic review. J] Am parameter in NIDDM patients. Diabetes Care. 1997
Med Assoc. 2007;298:902-16. Feb 1;20(2):194-7.

20. Marshall SM, Flyvbjerg A. Prevention and early 34. Collier A, Small M, Wilson R, Bradley H,
detection of vascular complications of diabetes. Thomson JA. Free radical activity in type 2
British Med J. 2006;333:475-80. diabetes. Diabetic Medicine. 1990 Jan 1;7(1):27-30.

21. Giugliano D, Ceriello A, Paolisso G. Oxidative  35. Turk A, Nuhoglu I, Mentese A, Karahan SC, Erdol
stress and diabetic vascular complications. Diabetes H, Erem C. The relationship between diabetic
Care. 1996;19:257-67. retinopathy and serum levels of ischemia-modified

22. Mitsuhashi J, Morikawa S, Shimizu K, Ezaki T, albumin and malondialdehyde. Retina. 2011 Mar
Yasuda Y, Hori S. Intravitreal injection of 1;31(3):602-8.
erythropoietin protects against retinal vascular 36. Turk HM, Sevinc A, Camci C, Cigli A,
regression at the early stage of diabetic retinopathy Buyukberber S, Savli H, Bayraktar N. Plasma lipid
in streptozotocin-induced diabetic rats. Exp Eye peroxidation products and antioxidant enzyme
Res. 2013;106:64-73. activities in patients with type 2 diabetes mellitus.

23. Santos JM, Tewari S, Kowluru RA. A Acta diabetologica. 2002 Sep 19;39(3):117-22.
compensatory ~ mechanism  protects  retinal  37. Caner C, Oze¢c AV, Aydin H, Topalkara A, Arici
mitochondria from initial insult in diabetic MK, Erdogan H, Toker MI. Diyabetik ve Diyabetik
retinopathy. Free Radic Biol Med. 2012;53:1729- Olmayan Katarakt Hastalarinda Hiimoér Akozde ve
37. Serumda Total Oksidatif Stres, Total Antioksidan

24. Kowluru RA, Chan P-S. Oxidative stress and Kapasite, Paraoksonaz, Arilesteraz ve
diabetic retinopathy. Exp Diabetes Res. 2007;2007. Lipidperoksidaz ~ Seviyelerinin Karsilastirilmasi.

Turkish Journal of Ophthalmology. 2012;42:47-52.

IRANTIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 8, NUMBER 3, AUTUMN 2016 207


https://ijdo.ssu.ac.ir/article-1-324-en.html
http://www.tcpdf.org

