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Abstract: 

The present study was aimed to compare the role of oxidative stress markers in diabetic and senile cataract 

patients. A total of 135 patients were included in this study, of which, 50 patients had diabetic cataract while, 

remaining 85 were having senile cataract. Blood glucose concentration and serum oxidative stress markers 

like, xanthine oxidase (XOD), superoxide dismutase (SOD) and malondialdehyde (MDA) levels were 

estimated by using commercial available kits. HbA1c levels (%) estimated by using HPLC technique present 

in central diagnostic laboratory of SMI hospital. Fasting and post-prandial plasma glucose levels in diabetic 

cataract patients were significantly higher (p<0.001) as compared to the senile cataract patients. The activity 

of superoxide dismutase (SOD) was significantly decreased while Xanthine oxidase (XOD) activity and 

serum MDA levels were significantly increased in diabetic patients with cataracts in comparison to patients 

with senile cataracts (p<0.001). Serum XOD, SOD and MDA level was positively correlated with the HbA1c 

levels. We concluded that the hyperglycemic condition may associated with the increased production of 

reactive oxygen species (ROS) that trigger non-enzymatic glycation, increased production of lipid 

peroxidation products and advanced oxidative protein product which may contribute to the development of 

diabetic cataract. Therefore, the antioxidant therapy can delay the onset and progression of diabetic cataract.  
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INTRODUCTION: 

Cataract is one of the most common causes of 

visual impairment across the world. It includes 

opacity of the lens or lens capsule which is a 

multi-factorial disease and a major cause of the 

loss of lens transparency particularly in the aging 

population [1]. Cataract is responsible for about 50-

90% of blindness particularly in developing 

countries [2]. As per nearly 50% of blindness cases 

across the globally [3].  

 

Several factors like metabolic disorders, genetic 

factors, aging, ultraviolet irradiation, drugs, 

trauma, toxins and oxidative stressleads to the 

formation of cataract [4, 5]. Surgery is considered to 

be the most common and successful method to 

remove cataract. However, surgery is either 

unaffordable or inaccessible in the developing 

countries and therefore, researchers are now 

emphasizing on the importance of alternative 

methods [6]. 

 

Several studies have suggested that cataract is one 

of the leading causes of vision loss among diabetic 

patients [7, 8]. Diabetes mellitus has become a 

major health concern worldwide in recent scenario 
[9]. It is a severe chronic metabolic disorder of 

carbohydrate, lipid and protein metabolism [10]. It 

is characterized by hyperglycemia due to 

impairment in secretion or action of endogenous 

insulin [11].  

 

Common symptoms of diabetes mellitus include 

polyuria (frequent urination), polydipsia 

(increased thirst), polyphagy (increased hunger), 

tiredness, weight loss and blurred vision [12]. 

Diabetes mellitus includes macrovascular 

complications like (peripheral vascular disease, 

coronary heart disease, and stroke), microvascular 

comlications like (neuropathy, retinopathy and 

nephropathy) and both micro- and macrovascular 

complication that is (diabetic foot) [13]. 

 

In senile cataract, lens proteins undergo extensive 

oxidative modifications which contribute to the 

etiology and pathogenesis of cataractogenesis. 

Cataract formation in diabetes mellitus include 

several mechanism such as excessive 

concentration of tissue sorbitol, abnormal 

glycosylation of lens proteins, alterations in 

phosphoinositides metabolism, imbalance of 

antioxidant enzymes, impaired glutathione 

metabolism, formation of lipid peroxides and 

elevated production of free radicals in the 

intraocular space [14,15]. Which often result in an 

increasing clouding of the lens until it loses its 

normal transparency and becomes white and 

opaque [16, 17]. 

 

Oxidative stress refers to imbalance between pro-

oxidants and antioxidants [18]. It results in the 

increased production of free radicals or reduced 

activity of cellular antioxidant defence system or 

both. Reactive oxygen species (ROS) may initiate 

toxic biochemical reactions in eye cells.  

 

These reaction results in damage of DNA, lipid 

peroxidation, aggregation of intracellular protein 

and precipitation[19, 20] Free radicals, including 

numerous ROS such as H2O2, superoxide anion 

radical (·O2
-), and hydroxyl free radical (·OH), 

cause damage to the crystalline lens and involved 

in the formation of cataract. Thus, the ROS level 

should be regulated properly in order to prevent 

the celular damage [21]. 

 

Antioxidant capacity of plasma is considered to be 

a marker to evaluate the status of oxidative stress 

in the body. Plasma contains several compounds 

which act against the oxidative stress and thus, 

protect the cell and cellular biomolecules from 

oxidative damaged. The antioxidant defense 

mechanisms take place via enzymatic as well as 

non-enzymatic processes.  

 

Vitamins like A, C, and E, α-lipoic acid, 

carotenoids, glutathione, co-enzyme Q10 

(CoQ10), flavinoids, minerals like zinc, selenium, 

manganese and copper, cofactors like folic acid, 

compounds like uric acid, albumin, and water 

soluble vitamins like B1, B2, B6, and B12 are 

included in non enzymatic antioxidants. Catalase, 

glutathione peroxidase, superoxide dismutase, and 

glutathione reductase are considered to be as 

enzymatic antioxidants [22]. 

 

The aim of present study was to assessment the 

oxidative stress markers, antioxidants levels in 

serum sample and to compare the oxidative stress 

markers between the two groups i. e. diabetic and 

senile cataract patients. Thus studying the role of 

stress in causing diabetic and senile cataract and 

explore the possibility of the rapeutic role of 

antioxidants in prevention of cataract. 

 

MATERIALS AND METHOD: 

Ethical clearance for this study was obtained from 

the Ethical committee Faculty of Medicine, S. G. 

R. R. University, Dehradun. A total of 135 

patients (50 diabetic cataract and 85 senile cataract 

patients attending the Ophthalogy OPD of SMIH 

hospital, Dehradun were included in the present 

study. Diabetic cataract patients (n=50) were aged 
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40 years or above and diagnosed as having 

diabetic cataract. Senile cataract (n=85) patients 

were aged 50 years or above and diagnosed as non 

diabetic senile cataract. The fasting and post 

prandial venous blood sample was collected in 

sodium fluoride-potassium oxalate anticoagulant 

vacutainers for blood glucose analysis. Serum 

separator tube (SST) was used to collect blood 

samples for oxidative stress markers analysis.  

 

Further blood collection was also done in EDTA 

vial for the estimation of HbA1c from diabetic 

cataract patients. Plasma and serum was separated 

by centrifugation at 3500 rpm for 15–20 min. The 

analysis of sample was done at department of 

biochemistry of Shri Guru Ram Rai University, 

Dehradun.  

 

Serum and plasma with lipemia and hemolysis 

was excluded in this study. Serum samples were 

stored at -80°C until further analysis. A complete 

ophthalmological examination including slit lamp 

examination of the patients was done by a single 

experienced ophthalmologist.  

 

Exclusion criteria was history of cardiovascular 

diseases, hepatic functions disorders, 

gastrointestinal disorders, renal dysfunction, 

anemia, arthritis, osteoporosis, hypothyroidism, 

hyperthyroidism with traumatic cataract and toxic 

cataract. Patients consuming alcohol and those 

who had used oral or tropical anti-oxidant 

preparation were also excluded from this study.  

The following parameters were analyzed to assess 

the oxidative stress markers and assess the 

circulating plasma levels of antioxidant enzymes 

and compounds in diabetic cataract and senile 

cataract. 

 

Malondialdehyde (MDA): The concentration of 

human malondialdehyde in serum was measured 

by sandwich ELISA method by employing 

Malondialdehyde ELISA Kit (Chongqing Biospes 

Co., Ltd., Chongqing, China). MDA levels were 

determined by reading the color intensity at 

wavelength of 450 nm and compared to the 

standard curve in micro plate ELISA reader [23]. 

 

Superoxide Dismutase (SOD): The activity of 

serum SOD was measured by sandwich ELISA 

method by using SOD ELISA Kit (Chongqing 

Biospes Co., Ltd., Chongqing, China). The colour 

production was read at wavelength at 450 nm and 

by reading the color compared to the standard 

curve in micro plate ELISA reader [24]. 

 

Xanthine Oxidase (XOD): The activity of serum 

XOD was also measured by sandwich ELISA 

method by employed using Human XOD ELISA 

Kit (Chongqing Biospes Co., Ltd., Chongqing, 

China). The colour change was determined at 

wavelength 450 nm and compared to standard 

curve obtained by micro plate ELISA reader [25]. 

 

Blood Glucose: The blood glucose level includes 

(fasting blood sugar and post-prandial blood 

sugar) was estimated by (GOD-POD) Trinder’s 

method using the blood glucose assay kit 

(Transasia Biomedical Ltd., ERBA Diagnostics 

Mannheim, Germany). Blood glucose level was 

assessed by reading the absorbance of standard 

and test tubes against reagent blank at 505 nm on 

biochemistry analyzer [26]. 

 

Glycosylated Hemoglobin: The glycosylated 

hemoglobin (HbA1c) in whole blood was 

measured by HPLC method using Bio- Rad D-10 

Hemoglobin Testing System [27, 28]. 

 

Statistical Analysis: The results were expressed 

in the form as mean± standard deviation (SD). 

Data were analyzed by using SPSS software 

(SPSS® for Windows ® 10.0). Statistical analysis 

between the senile cataract patients and diabetic 

cataract patients was evaluated by post hoc 

student's t test. p<0.001was accepted as 

statistically significant. 

 

RESULTS:  

The characteristics of the patients like age, gender, 

hypertension, smoking or non smoking, duration 

of the diabetes, concentration of blood glucose in 

diabetic patients and senile cataract patients 

(controls) and HbA1c % are presented in Table 1. 

The mean age of the diabetic and senile cataract 

patients were 58.64±6.19 and 59.01±8.21 years 

respectively, fasting blood glucose in diabetic 

cataract was significantly higher (144±2.53 mg/dl) 

(p<0.001) whereas the senile cataract patients had 

a normal fasting plasma glucose concentration 

(84±2.15 mg/dl). The post prandial plasma 

glucose in diabetic cataract was significantly 

higher (214±3.51 mg/dl) (p<0.001) as compared 

to that of senile cataract patients (115±3.19 

mg/dl). The HbA1c percentage in diabetic cataract 

patients is 7.96±0.76. 

 

The activity of antioxidant enzyme, superoxide 

dismutase (SOD) was found significantly 

(p<0.001) decreased in diabetic cataract patients 

(20.65±1.26 ng/ml), as compared to senile cataract 

patient (27.98±2.02 ng/ml). Xanthine oxidase 

(XOD) activity was found significantly (p<0.001) 
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increased in diabetic cataract patients 

(511.48±3.71 pg/ml) as compared to senile 

cataract patients (386.81±4.36 pg/ml). Serum 

MDA level isfound significantly (p<0.001) higher 

in diabetic cataract patients (33.22±0.92 mmol/l) 

than senile cataract patients (19.97±0.73 mmol/l) 

are presented in Table 2. The correlation between 

HbA1c (%) and XOD (Rho=0.139), SOD 

(Rho=0.173) and MDA (Rho= 0.111) was done 

and the results are presented in Fig 1, 2 & 3. 

 

Table 1 Demographic and biochemical characteristics of cataract patients 
 Diabetic cataract (n = 50) Senile cataract(n= 85) p- value 

Age (Years) 58.64±6.19 59.01±8.21  

Gender (male/female) 23/27 37/48  

Hypertension (yes/no) 22/28 27/58  

Current Smoker (yes/no) 10/40 8/77  

Duration of diabetes (years) 5.98±1.97 NA  

Fasting plasma glucose (mg/dl) 144±2.53 84±2.15 <0.001 

Post-prandial plasma glucose (mg/dl) 214±3.51 115±3.19 <0.001 

HbA1c (%) 7.96±0.76 NA  

 

Table 2 The impact of oxidative stress markers on diabetic cataract and  senile cataract 
Stress markers Diabetic cataract (n = 50) Senile cataract 

(n= 85) 

p- value 

Superoxide dismutase (ng/ml) 20.65±1.26 27.98±2.02 <0.001 

Xanthine oxidase (pg/ml) 511.48±3.71 

 

386.81±4.36 

 

<0.001 

Malondialdehyde (mmol/l) 

 

33.22±0.92 19.97±0.73 <0.001 

  

 
Fig. 1: Correlation between blood HbA1c and serum XOD activity 

 

 
Fig. 2: Correlation between blood HbA1c and serum SOD activity 
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Fig. 3: Correlation between blood HbA1c and serum MDA level 

 

DISCUSSION:  

Oxidative stress due to free radicals is responsible 

for several chronic disorders, like diabetes, cancer, 

inflammation and neurological disorders. The 

oxidative stress is refers to a condition in which 

imbalance occurs between free radicals and an 

antioxidant system of the body. This is caused by 

a relative overburden of ROS, which includes 

singlet oxygen, superoxide, hydrogen peroxide, 

hydroxyl radicals, that contributes to 

pathophysiology of many diseases including 

cataract [29, 30]. Antioxidant defence systems acts as 

free radical scavengers by means of certain 

enzymes such as, XOD, SOD, glutathione 

peroxidase, glutathione reductase, compounds like 

uric acid and flavonoides. 

 

It has been observed that oxidative mechanisms 

play a vital role in the aetiology of cataract. In 

diabetic patients, cataractogenesis progresses 

much faster towards maturity as compared to non-

diabetics [31, 32]. One of the significant mechanisms 

that lead to cataract formation in diabetic subjects 

is non-enzymatic glycation [33]. Several studies 

revealed that glycation results in severe damage of 

lens proteins affecting their normal function [34]. 

 

The aim of the present study was to analyse the 

activity of antioxidant enzymes, like xanthine 

oxidase (XOD), superoxide dismutase (SOD), 

lipid peroxidation product malondialdehyde 

(MDA) in both diabetic cataract as well as senile 

cataract patients. SOD is considered as enzymatic 

antioxidant that provides first line of defense 

against the free radicals due to its ability to quench 

O2‾ and convert it into H2O2 
[35]. In our study SOD  

 

 

levels were decreased in diabetic cataract. This 

may be due to ROS like O2‾ are produced in 

diabetic cataract. In such condition SOD is being 

used during the conversion of O2‾ to H2O2 which 

causes inhibition of SOD activity [36]. However, 

few researchers revealed no significant changes 
[37] or increased activity of serum SOD activity in 

diabetic cataract patients [38, 39]. The decreased 

antioxidant status in the diabetic cataractous lens 

tissues suggested a role of antioxidant enzymes in 

the formation of cataract in diabetic patients [40]. 

The loss or decrease of the enzymatic activities of 

antioxidant enzymes allows H2O2 and free radicals 

to induce irreversible harmful effects on lens 

proteins including decrease in Na- K ATPase 

activity [41]. 

 

Obara et al., 1995 reported the increased levels of 

lipid peroxides in lens and levels of oxidized 

lipoprotein and decreased activities of Cu, Zn-

SOD due to the excessive production of ROS, 

especially hydroxyl radicals (HO_) inside the 

cataractous lenses. Further the higher 

concentration of lens glucose, advanced glycated 

protein and lipid peroxides was observed in 

diabetic cataract patients as compared to patients 

with senile cataract [42]. In some recent studies 

have been found that osmotic stress also involves 

in diabetic cataract formation [43, 44]. This finding is 

consistent with a previous study done by [45]. 
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Xanthine oxidase (XOD) is an enzyme responsible 

for the breakdown of the purine derived from 

nucleic acids and serves as a source of oxidizing 

agents [46]. Increased XOD activity in cataractous 

lenses was previously reported [47]. Some 

researchers suggested that the relationship 

between formation of cataract and chronic 

ingestion of allopurinol which is an inhibitor of 

XOD [48, 49]. In the present study, significantly 

increased XOD activity in diabetic patients was 

observed. The increased (<0.001) XOD activity in 

diabetic patients may generate higher amount of 

oxygen radicals. It has been reported that 

conversion of xanthine dehydrogenase into 

xanthine oxidase responsible for ischemia-

reperfusion injury of the retina [50]. Hyperglycemic 

condition may contribute to the lens oxidative 

damage by increased ocular as well as systemic 

XOD activity [51]. The low level of XOD is 

expressed in several ocular tissues, including lens 

and corneal epithelium and endothelium [52] and 

human retinal endothelium and photo-receptors 
[53]. Therefore, oxidants produced through XOD 

during purine catabolism can participate in 

chronic ocular oxidative stress, and possibly in 

formation of cataract. XOD system can induce 

peroxidation of lipid and disrupt the sodium-

potassium-ATPase activity [54]. Such early event 

can be observed in cataract formation which 

affects osmo-regulation mechanisms. 

Hyperglycemia and hypoxia show increased XOD 

activity, regulated at pre-translational and post-

translational levels [55, 56].  

 

In our study, was significantly elevated serum 

MDA level was observed in patients with diabetic 

cataract compared to non diabetic patients with 

senile cataract that suggested the increased 

oxidative stress in diabetic cataract patients. 

Result of this present study is closely resembled 

tothe study reported by [57]. Further, the study done 

by Donma et al (2002) revealed that patients with 

diabetic cataract have shown increased levels of 

lipid peroxidation products in plasma [58]. The 

findings of this present investigation are similar to 

the study by [59, 60].  Increased lipid peroxidation 

products also observed in lens of cataract patients 

by [61].  

 

The increased levels of MDA level in diabetes is 

mainly due to the production of reactive oxygen 

species (ROS) caused by hyperglycemia and 

hyper lipidemia which are commonly associated 

with diabetes [62]. Lipid peroxidation products may 

causes micro vascular damage in diabetic patients 

and alteration in blood–ocular barrier. Several 

researchers reported the increased levels of lipid 

peroxides products in diabetic patients [63], while 

in few reports no significant there was increase in 

lipid peroxidation in diabetic patients [64]. In a 

similar study it was formed that serum XOD, SOD 

and MDA level was positively correlated with 

HbA1c levels [65, 66]. 

 

CONCLUSION:  

In present study we studied, the oxidative stress 

markers, i. e. serum XOD and SOD activity and 

levels of MDA in diabetic cataract patients 

compared with senile cataract patients. Results of 

this study clearly showed increase in activity of 

XOD, decrease SOD activity and increase levels 

of MDA in diabetic cataract patients. Oxidative 

stress is in the foreground of the cataract 

formation. The entry of glucose into the diabetic 

lens and its oxidation occurs through the polyol 

pathway, leads to the accumulation of sorbitol into 

the lens, which causes an osmotic stress that may 

be considerable factor that contributes to 

development and progression of diabetic cataract. 

The oxidative stress produces direct influence on 

the solubility of lens proteins, which increase the 

opacity of the lens. In addition the increased 

concentration of glucose might be involved in the 

deficiency of activity of enzymatic antioxidant as 

well as the production of lipid peroxidation. 

Hence supplementation of an adequate dose of 

antioxidant to diabetic patients at initial stage of 

disease might be beneficial in delaying the 

development of especially cataract as well as other 

complications. 
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