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ABSTRACT- This review is based on the recent diagnostic and prognostic biomarkers for Diabetes and Diabetic complications. Diabetes mellitus
(DM) is known to stimulate oxidative stress along with deranging different metabolisms; one of the Long term complications of diabetes mellitus is
diabetic retinopathy, which is a leading cause of acquired blindness. Diabetic Retinopathy is a progressive disorder disease. It is the mainly frequently
cause of blindness in people aged 35-75 years. Poor glycemic control and oxidative stress have been credited to the development of complications
like diabetic retinopathy. The retina has high content of polyunsaturated fatty acid (PUFA) and glucose oxidation relative to any other tissue.
Hyperglycemia and dyslipidemia in diabetes mellitus stimulate increased lipid peroxidation and reactive oxygen species format ion, an important
mechanism in the pathogenesis of diabetic retinopathy. The oxidative stress is altered between excess oxidative species formation and impaired
exclusion of the reactive oxygen species via antioxidant defence system like superoxide dismutase. Hence the study over a period of 6 month from
1st Jan to 30 June 2015 with 54 diabetic retinopathy cases and 54 control cases without retinopathy was undertaken to evaluate the oxidative status
and simultaneously decrease serum vitamin antioxidants levels in diabetic retinopathy cases and increase level of HbA1c. The aim of this study was
to analyze and correlate oxidative stress marker, Malondialdehyde and superoxide dismutase along with glycosylated hemoglobin (HbA1c) in
diabetic patients with and without retinopathy.
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INTRODUCTION
Diabetes mellitus (DM) refers to a group of common metabolic disorders
1

The epidemiology of diabetic retinopathy and has been previously

that share the phenotype of hyperglycemia . The relationship of diabetes

described, largely in the Wisconsin Epidemiological Study of Diabetic

and diabetic retinopathy is assuming clinical significance in the world

Retinopathy (WESDR).8 Glycosylated hemoglobin (HbA1c) level at

scenario2. Diabetes is one of the most common chronic hyperglycemic

baseline has been found to be strongly related to the incidence,

3-4

syndromes, affecting nearly 200 million people worldwide . In future

progression, or both of Diabetic Retinopathy9.

this disease has become one of the most difficult health evils of the 21st

Diabetes increases oxidative stress in the retina: the levels of lipid

century. It affects more than 230 million people worldwide, and this

peroxide, thiobarbituric acid substances, and superoxide are increased in

number will be reach 350 million by 20255. Retinopathy is characterized

the retina10.Oxidative stress has been implicated in the pathogenesis of

by increased vascular permeability, through vascular closure mediated

diabetic retinopathy 11. This increase in oxidative stress can be the result

by the formation of new blood vessels neo-vascularization, on the retina

of several diabetes-induced abnormalities, as well as auto-oxidation of

6

and posterior surface of the vitreous. Approximately 25% of patients

glucose, the development of advanced glycation end products, and

with type- 1 DM have been shown to be affected through retinopathy, by

impairments in the antioxidant defense system11-13. The activity of SOD,

the frequently rising to 60% after 5 yrs and 80% after 10-15 yrs of

an enzyme recognized to scavenge superoxide, is reduced in the retina in

affli-ction. The type-2 DM accounts for a more quantity of patients with

diabetes, and its function is down regulated.12-13

visual impairment 7.

Hence the study was undertaken to evaluate the role of oxidative stress
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retinopathy study. These highly reactive molecules affect bio-molecules
such as lipids, proteins, nucleic acids and carbohydrates 14-15.
Studies on patients with long duration and poorly controlled diabetes
recommend that the free radicals of oxidant in diabetes mellitus and

Copyright © 2015 | IJLSSR by Society for Scientific Research is under a CC BY-NC 4.0 International License

Page 52

Int. J. Life Sci. Scienti. Res., VOLUME 1, ISSUE 2
elevating over time may play a role in the development of diabetic
16

retinopathy . The ophthalmic complications of diabetes contain corneal

Table 1: International Classification of Diabetic Retinopathy Disease
Severity Scale

abnormalities, glaucoma, iris neo-vascularization, cataracts along with
neuropathies. On the other hand, the most ordinary and the potentially

S.No

most blinding of these complications is diabetic retinopathy 17. Diabetes

1

International Classification of Diabetic Retinopathy Disease
Severity Scale
Proposed Disease SeverFindings Observable on Dilated
ity
Ophthalmoscopy
Level

2

No apparent retinopathy

No abnormalities

help predict those at-risk for diabetes, diabetic retinopathy or other

3

Mild NPDR

Microaneurysms only

complications of diabetes19. HbA1c has alike association with prevalent

4

Moderate than severe
NPDR

More than just microaneurysms, but
less

5

Severe NPDR

Quadrants; definite venous beading in
2+ quadrants; prominent IRMA in
1+quadrant; and no signs of proliferative retinopathy

6

Proliferative diabetic
retinopathy

Neovascularization and vitreous
preretinal hemorrhage

duration and sustained hyperglycemia are among the primary risk factors
for the development of diabetic retinopathy

18.

HbA1C test or fasting

blood glucose analysis may be ordered. The use of HbA1C testing may

diabetic retinopathy as that of together fasting and 2-h plasma glucose.

20

Diabetic retinopathy
Diabetic retinopathy is a vision-threatening disease characterized by
neurodegenerative features associated with general vascular changes. It
remains uncertain how these pathologies relate to each other and their
net contribution to retinal damage. There are numerous biochemical
pathways, which help in the development of the neurovascular injury in
DR. As a result, biomarkers which reveal dissimilar pathways are

NPDR = nonproliferative diabetic retinopathy; IRMA = intraretinal microvascular
abnormalities.
Adapted with permission from the American Academy of Ophthalmology45

released locally and into the circulation. Early identification of these
biomarkers could be in favor of predicting and efficient management of

Oxidative stress and diabetic retinopathy

DR. Among these biomarkers are the ones related to inflammatory

Oxidative stress and diabetic retinopathy chronic hyperglycemia diseases

response, oxidative stress and retinal cell death. Diabetes increases

plays a critical role in the pathogenesis of diabetic retinopathy (DR). The

oxidative stress, which plays a key regulatory role in the development of

system of hyperglycemia-induced retinal damage is still to be evaluated.

. Hyperglycemia induced reactive oxygen species

Still the oxidative stress which represents an imbalance between excess

(ROS) creation is measured a causal link between elevated glucose and

generation and impaired removal of reactive oxygen species has been

its complications

21-22

. Oxidative

suggested to be the key events in the pathogenesis of diabetic

via apoptotic means. Apoptosis of retinal

retinopathy. The high content of polyunsaturated fatty acids, oxygen

the pathways of development of diabetic complications
stress may lead to cell death

24

2 3

has been demonstrated in

uptake and glucose oxidation make the retina more susceptible to

diabetic retinopathy as demonstrated by profound retinal abnormalities,

oxidative stress than other tissues 31. ROS are produced continuously in

evaluated by electro-retinography, and potential visual changes evoked

all cells to support normal cellular functions. However, excess

before the onset of the first vascular change is detectable in the diabetic

production of ROS, or inefficient removal of ROS, could result in

neurons particularly ganglion cells

25-27

. Retinal capillary cells also undergo accelerated apoptosis,

pathological conditions. In addition to ROS, reactive nitrogen species

which precedes the detection of any histopathological changes

(RNS) are also a part of normal physiological function, and have great

characteristic of diabetic retinopathy 30. The current review discusses the

potential to contribute to oxidative stress

markers of oxidative stress and retinal cell death associated with DR.

superoxide, nitric oxide spontaneously forms peroxynitrite. Peroxynitrite

retina

28-29

32

. In the presence of

is much more reactive than superoxide and nitric oxide and can exert
direct oxidative modifications through one- or two- electron oxidation
processes

33-34

. Thus, excessive abundance of ROS and RNS with

concurrent dysfunction of antioxidant defense systems, which includes
reducing enzymes such as superoxide dismutase (SOD), catalase and
glutathione peroxidase (GSH), contributes to oxidative stress in diabetic
retina. Chronic oxidative stress causes spoil to DNA, carbohydrates
lipids and proteins disruption in cellular homeostasis resulting in many
disease processes of clinical interest

35

. Accumulation of damaged

molecules and ROS that are not easily removed contributes not only to
the pathogenesis of DR but furthermore to the not sensitive of
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retinopathy to back even after good glycemic control is re-established
36

damage seen in DR (Fig. 1). These sources consist of but not limited to

the metabolic remembrance phenomenon .

NADPH oxidase, mitochondrial electron transport chain (ETC),

Sources of ROS in diabetic retina Chronic express of retinal cells to

development of advanced glycation end products (AGEs), aldose

hyperglycemia causes excess production of ROS by activation of unlike

reductase/polyol pathway, protein.

enzymatic pathways which extra likely interact to create the retinal

Fig. 1: Oxidative stress mediated dysmetabolisms in diabetic retinopathy oxidative stress is a cytopathic consequence of excessive production of
reactive oxygen species (ROS) and the suppression of ROS removed by antioxidant defense system. Hyperglycemia oxidative stress is considered a
causal link between elevated glucose and other metabolic abnormalities important in the development of diabetic complications. Several diabeticsinduced abnormalities in the retina that are postured in the development of retinopathy are influenced by oxidative stress, and are considered to be
interrelated 46

Hyperglycemia-Induced Pathogenic Mechanisms: Mitochondrial Superoxide Production
In endothelial cells improved MnSOD expression inhibits both hyperglycemia and fatty acid–induced inactivation of the antiatherosclerosis
endothelial enzyme prostacyclin synthase by nitration in diabetes
activity by these metabolites

39-41

. Over expression of both MnSOD and UCP-1 also prevents inhibition of eNOS

42

. This relationship is reliable with a central role for mitochondrial ROS formation in the pathogenesis of diabetic

43

complications (Fig. 2).
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Fig. 2: Production of ROS by the mitochondria electron transport chain. In cultured endothelial cells, the electron donors NADH and FADH 2 are generated by the oxidation of glucose –derived pyruvate. The flow of the donated electrons (e-) thought the electron transport chain in the inner mitochondrial
membrane
spaces. When the voltage gradient is the high because of increase flux of electron donors, more superoxide ids generated. H + ions can pass back across the inner membrane along their concentration gradient, either via ATP synthase (to produce ATP) or via proton gradient as heat. Cyt c indicates cyt c indicates cytochrome c, Adapted
from Brownlee44

Metabolic Pathways Implicated in the Development of Diabetic
Microvascular Complications 26

of intensive treatment to decrease blood glucoserespectively37.
Early Treatment Diabetic Retinopathy Study (ETDRS) recommendations
are considered the main gold standard practice for the management of
advanced stages of DR. According to ETDRS recommendations, patients
with severe NPDR, non-increase risk PDR, increase risk PDR should be
treated with scatter photocoagulation also known as panretinal
photocoagulation. Early treatment of severe NPDR and non-high risk
PDR

before

the

development

to

increase

risk

PDR

the

sight- threatening retinopathy was related with 50% decrease in the risk
of blindness and vitrectomy comparing with treatment deferral until
increase risk PDR is developed 38.
If the patient develops fractional retinal detachment or vitreous
hemorrhages that hinder it is procedure, then vitrectomy should be
considered. Currently a number of clinical trials are investigating drugs
with dissimilar mechanism of actions for the treatment of DR. For

PROGNOSIS

instance, ruboxistaurin (RBX) is a new drug that inhibits the β-isoform

Prognosis of DR depends on the stage of the disease and the availability

of protein kinase C (PKC) enzyme which is assumed to play an

of treatment. Around 5%–10% of diabetic patients among normal retinal

important role in the improvement of microvascular complications of

exam will develop diabetic retinopathy within one year. Therefore, early

diabetes.

dilated and comprehensive eye examinations should be done within 3–5

CONCLUSIONS

years after diagnosis of type 1 DM and among the diagnosis of type 2

The ego studies advise that oxidative stress is greatly elevated in patients

DM. The examination helps to detect early DR where maintaining

suffering from diabetic retinopathy. When compared, oxidative stress is

glucose level and blood pressure within the normal suggested ranges is

still increase in diabetic patients with retinopathy than patients without

measured the main available therapeutic modality for mild to moderate

retinopathy. The retina has increase content of polyunsaturated fatty

NPDR without macular edema. For example, the DCCT showed 75%

acids and has the elevated oxygen uptake and glucose oxidation relative

and50% reduction in the formation and development of DR after 3 years

to any different tissue. This phenomenon renders retina more sensitive to
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oxidative stress and is inversely associated to glycemic control.

[14] Kowluru RA, Kern TS, Engerman RL. Abnormalities of retinal metabolism

Hyperglycemia is a long period in retinopathy raise level of HbA1c. This

in diabetes or experimental galactosemia. IV. Antioxidant defense system.

may be due to dejected antioxidant enzyme levels and may also be

Free RadicBiol Med. 1996; (22):587–592.

dependable for further depletion of antioxidant enzyme SOD. This
worsens the oxidative stress and creates a vicious cycle of unevenness of

[15] Halliwell B. Free radicals, antioxidants, and human disease: curiosity, cause,
or consequence? Lancet 1994; (344):721-724.
[16] Freeman BA, Crapo JD. Biology of disease, free radicals and tissue injury.

free radical production and debit of antioxidant status in these patients

Lab Invest 1982; (47):412-26.

which may lead to nervous system damage causing diabetic retinopathy.

[17] Gupta MM, Chari S. Lipid peroxidation and antioxidant status in patients

Thus a best glycemic control is important for prevention of diabetic

with diabetic retinopathy.Ind J PhysiolPharmacol2005; 49(2):187-92.

of

[18] Yau JWY, Rogers SL, Kawasaki R, et al. Global prevalence and major risk

The study was concluded confirm whether these exists an involvement in

[19] The International Expert Committee. International Expert Committee report

retinopathies

and

therapeutic

approaches

to

the

handling

factors of diabetic retinopathy. Diabetes Care 2012; (35):556-64.

complications in diabetes.

on the role of the A1C assay in the diagnosis of diabetes. Diabetes Care

between antioxidant nutrient intake and reduction in the improvement of

2009; (32):1327-34.

diabetic complications particularly retinopathy.

[20] ColagiuriS, LeeCM, WongTY, BalkauB, ShawJE, Borch-Johnsen K.

REFERENCES
[1]

Glycemic thresholds for diabetes-specific retinopathy: implications for

al. Harrison’s Principles of Internal Medicine. 18th ed. New York:

[2]

[3]

diagnostic criteria for diabetes. Diabetes Care 2011; (34):145–50.

Kasper DL, Braunwald E, Fauci AS, Hause SL, Lango DL, Jameson JL, et

[21] Kowluru RA, Tang J, Kern TS. Abnormalities of retinal metabolism in

McGraw-Hill Medical Publishing Division; 2008. pp. 2968-3002.

diabetes and experimental galactosemia. Vii. Effect of long-term

Gurler B, Vural H, Yilmaz N et al. Role of oxidative stress in diabetic

administration of antioxidants on the development of retinopathy. Diabetes,

retinopathy. Eye care, 2000; 14(5): 730–737.

2001; (50):1938–42.

Wild S, Roglic G, Green A. Global prevalence of diabetes. Estimates for the

[22] Brownlee M. Biochemistry and molecular cell biology of diabetic
complications. Nature. 2001; (414):813–820.

year 2000 and projections for 2030, Diabetes Care.2004; 24(5): 1047-53.
[4]

Diabetes Atlas, Second edition, International Diabetes Fedration, 2003.

[5]

Kowluru

RA,

Chan

PS

2007

Oxidative

Stress

and

the retina. Invest Ophthalmol Vis Sci. 2003; (44):5327–5334.

Diabetic

[24] Giardino I, Fard AK, Hatchell DL, et al. Aminoguanidine inhibits reactive

Retinopathy.ExDiabetes Res: 43603.
[6]

[23] Kowluru RA, Abbas SN. Diabetes-induced mitochondrial dysfunction in

oxygen species formation, lipid peroxidationand oxidant-induced apoptosis.

Aruoma OI, Neergheen VS, Bahorun T, Jen LS ‘‘Free Radicals,

Diabetes. 1998; (47):1114–1120.

Antioxidants and Diabetes: Embryopathy, Retinopathy, Neuropathy,
Nephropathy and Cardiovascular Complications’’: Neuro embryol Aging,

[25] Barber AJ. A new view of diabetic retinopathy: a neurodegenerative disease
of the eye. Prog Neuropsychopharmacol Biol Psychiatry. 2003; (27):

2007,(4): 117-137.
[7]

Antioxidant Vitamins in Diabetic Retinopathy. Indian J ClinBiochem, 2008;

[8]

[9]

283–290.

Kumari S, Panda S, Mangaraj M, Mandal MK, Mahapatra PC, Plasma and
[26]

Antonetti DA, Barber AJ, Bronson SK, et al. Diabetic retinopathy: seeing

(23):158-162.

beyond glucose-induced microvascular disease. Diabetes. 2006; (55):

Klein R, Klein BE, Moss SE, et al. The Wisconsin Epidemiologic Study of

2401–2411.

Diabetic Retinopathy. III. Prevalence and risk of diabetic retinopathy when

[27] Smith S. The impact of diabetes on neuronal, glial and vascular cells of the

age at diagnosis is 30 or more years. Arch Ophthalmol.1984; (102):527-532.

retina: implications for the pathogenesis of diabetic retinopathy. In:

Frank

Barnstable CJ, editor. Retinal degenerations: biology, diagnostics, and

Cortez-Floris,

Supercourse,

Aging

and

Diabetes

mellitus

therapeutics. 2007th ed. Totowa: Humana Press; 2007.

(online)availablefrom:http://www.pitt.edu/super1/lecture/lec19221/031,htm.
[10] Klein R, Klein BEK. Epidemiology of proliferative diabetic retinopathy.

[28] Bresnick GH, Korth K, Groo A, et al. Electroretinographic oscillatory
potentials predict progression of diabetic retinopathy. Preliminary report.

Diabetes Care, 1992; (15): 1875-1891.

Arch Ophthalmol. 1984; 102:1307–1311.

[11] B Longo-Mbenza, MM Muaka, G Mbenza, SMbungu Fuele, L
Mabwa-Mbalanda,VNzuzi- Babeki,JMbadi-A-Sungu‘‘ Risk factors of poor

[29] Lopes de Faria JM, Katsumi O, Cagliero E, et al. Neurovisual abnormalities

control of HBA1c and diabetic retinopathy: Paradox with insulin therapy

preceding the retinopathy in patients with longterm type 1 diabetes mellitus.
Graefes Arch Clin Exp Ophthalmol. 2001; 239:643–8.

and high values of HDL in African diabetic patients’’:Int J Diabetes &

[30] Mizutani M, Kern TS, Lorenzi M. Accelerated death of retinal microvascu-

Metabolism 2008 (16): 69-78.

lar cells in human and experimental diabetic retinopathy. J Clin Invest.

[12] Dr. Ruchi Singh, Dr U.S. Tiwari ‘Correlation of Serum Lipids and

1996; 97:2883–90.

Glycosylated Hemoglobin with Diabetic Retinopathy. IJSR, 2014, (3):

[31] Anderson RE, Rapp LM, Wiegand RD. Lipid peroxidation and retinal

382-384.
[13] Maritim AC, Sanders RA, Watkins JB

3 rd

degeneration. Curr Eye Res. 1984; 3:223–7.

Diabetes, oxidative stress, and

antioxidants: a review. J. Biochem. Mol. Toxicol. 2003; 17(1): 24-38.

[32]

Droge W. Free radicals in the physiological control of cell function. Physiol Rev. 2002; 82:47–95.

Copyright © 2015 | IJLSSR by Society for Scientific Research is under a CC BY-NC 4.0 International License

Page 56

Int. J. Life Sci. Scienti. Res., VOLUME 1, ISSUE 2
[33]

Saran M, Michel C, Bors W. Reaction of no with O2-. Implications for the

[41] Nascimento NR, Lessa LM, Kerntopf MR, Sousa CM, Alves RS, Queiroz

action of endothelium-derived relaxing factor (edrf). Free Radic Res Com-

MG, Price J, Heimark DB, Larner J, Du X, Brownlee M, Gow A, Davis C,

mun. 1990; 10:221–6.

Fonteles MC. Inositols prevent and reverse endothelial dysfunction in

[34] Huie RE, Padmaja S. The reaction of no with superoxide. Free Radic Res

ide. Proc Natl Acad Sci U S A. 2006; 103:218 –223.

Commun. 1993; 18:195–9.
[35] Mohr S, Xi X,Tang J, et al. Caspase activation in retinas ofdiabetic and
galactosemic mice and diabetic patients. Diabetes. 2002; 51:1172 9.
[36] Kowluru RA. Effect of reinstitution of good glycemic control on retinal
oxidative stress and nitrative stress in diabetic rats. Diabetes. 2003; 52:

pattern.

Accessed

Nov

24,

2006.

URL:

http://www.

aao.org/education/library/ppp/dr_new.cfm
[38] Bhavsar AR. 2006. Diabetic retinopathy: the latest in current management.
Retina, 26

[42] Du XL, Edelstein D, Dimmeler S, Ju Q, Sui C, Brownlee M. Hyperglycemia
inhibits endothelial nitric oxide synthase activity by posttranslational
modification at the Akt site. J Clin Invest. 2001; 108:1341–1348.
[43] Huang C, Kim Y, Caramori ML, Moore JH, Rich SS, Mychaleckyj JC,
Walker PC, Mauer M. Diabetic nephropathy is associated with gene

818–23.
[37] American Academy of Ophthalmology. 2003. Diabetic retinopathy preferred
practice

diabetic rat and rabbit vasculature metabolically and by scavenging superox-

(6 Suppl):S71–9.

expression levels of oxidative phosphorylation and related pathways.
Diabetes. 2006; 55:1826 –1831.
[44] Brownlee M. The pathobiology of diabetic complications: a unifying
mechanism. Diabetes. 2005; 54:1615–1625.
[45] Diabetic

retinopathy

preferred

practice

pattern.

Available

at:

[39] Xie Z, Zhang J, Wu J, Viollet B, Zou MH. Upregulation of mitochondrial

http://www.aao.org/aao/education/library/ppp/dr_new.cfm.Accesse, 9: 2004.

uncoupling protein-2 by the AMP-activated protein kinase in endothelial

[46] R. L. Engerman, T. S. Kern, and M. E. Larson, “Nerve conduction and

cells attenuates oxidative stress in diabetes. Diabetes. 2008; 57:3222–3230.
[40] Lee EA, Seo JY, Jiang Z, Yu MR, Kwon MK, Ha H, Lee HB. Reactive

aldose reductase inhibition during 5 years of diabetes or galactosaemia in
dogs,” Diabetologia, vol. 37, no. 2, pp. 141–144, 1994.

oxygen species mediate high glucose-induced plasminogen activator
inhibitor-1 up-regulation in mesangial cells and in diabetic kidney. Kidney
Int. 2005; 67:1762–1771.

Copyright © 2015 | IJLSSR by Society for Scientific Research is under a CC BY-NC 4.0 International License

Page 57

