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Abstract: Diabetic retinopathy (DR) is a metabolic disorder of the retina and one of the common problems 

of Type-2 diabetes mellitus (T-2DM) causing visual loss even at teen ages. In this research article, oxidative 

stress was the main cause due to reactive oxygen species (ROS) generation at hyperglycemic state and 

become as the focus point of this study to describe (DR) complication onset. The present study was 

conducted to compare three groups: T-2DM with complication, T-2DM without complication and control group. 

For this purpose, number of the individuals participating in this study were n=110 as subject along with T-

2DM patients with complication n=50, T-2DM patients without complication n=50 and rest n=10 are taken as 

control/ normoglycemic individuals. T-2DM patients with/without complication have TAG level is lower than 

normoglycemic/ control. An observed value of (HbA1c%) glycosylated or glycated hemoglobin type A1c 

concentration of T2DM with complication group was highest (9.63%) amongst the examined groups. T-2DM 

with complication has lowest SOD activity (660.96 U/gHb) but the malondialdehyde (MDA) level was found 

to be higher (5.96 µmol/L) amongst studied groups. Lowest plasma TAG, and higher plasma MDA level 

indicate the presence of oxidative stress in T2D with/without complications. SOD activity was decreased due 

to the protein glycation and the surplus level of lipid detoxification especially found in T-2DM cases. Good 

glycemic control counteracts the response of Lipid peroxidation usually occurs in hyperglycemic state. 

Keywords: Type-2diabetesmellitus; HbA1c; Malondialdehyde; oxidative stress; diabetic retinopathy. 

HIGHLIGHTS  
 

 Oxidative stress cause due to ROS generation at hyperglycemic state. 

 SOD activity decrease due to the protein glycation. 

 Diabetes retinopathy enhances the MDA level. 
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INTRODUCTION 

Diabetes mellitus (DM) is a metabolic dysfunction in glucose control, but it impairs insulin secretion from 

pancreatic cells, its most common symptom is chronic hyperglycemia. An expected people affected from DM 

is around 550 million all over the world, especially in developing countries like Brazil, according to global 

estimates of the prevalence of diabetes [1]. Highlighted symptoms of diabetes mellitus, cells are in a constant 

hyperglycemic state, creating macrovascular complications like premature atherosclerosis resulting in heart 

strokes, peripheral vascular diseases, myocardial infarctions etc. and microvascular complications such as 

nephropathy, neuropathy, and retinopathy [2] arises in a sensitive organ like kidney, brain and eyes. DM also 

interferes with the body's ability to use and store sugar (glucose). Diabetes is characterized by excess sugar 

level in the blood, which can cause adversely damages sensitive organs of human body, including the eyes. 

One of the complications arises due to diabetes is diabetic retinopathy, which is seriously a site-specific 

disorder. 

Diabetic retinopathy (DR) causes devastating damages to the light-sensitive retinal portion of the eye. 

Diabetic retinopathy (DR) is the ultimate cause of blindness; mostly occur between the age of 27 and 75 

years. Previously studied reports suggest the prevalence of DR is around 25% and 90% at 5 and 20 years, 

respectively. DR cases will be prone to be increased from the year 2030 and some researchers estimated 

that the around 191 million people will be affected by microvascular complication (MVC) [3] due to diabetes. 

DR is characterized by progressive loss of retinal structure and its functioning due to vascular changes eg. 

rupture of blood-retinal barrier and formation of new blood vessel is takes place, if the chronic hyperglycemia 

[4] conditions is still not maintained.  

The first clinical sign of DR is micro aneurysms generally observed in the retinal portion of eye, consider 

as a mildest form of the disease. In mildest form, producing signs of exudates, hemorrhages, and minimum 

intra-retinal microvascular abnormalities that become prominent in a subsequent stage called severe stages 

where signs of more than 20 hemorrhages and venous rosaries also arise. Special cases, where the most 

prominent clinical sign is neo-vascularization in the proliferative diabetic retinopathy (PDR) [5]. In a short and 

summarize way, DR affected patients with diabetes have thin sized vessels, leaking of vascular fluids from 

retina, resulting into retinal tissues swelling and ultimately producing a cloudy or blurred image of objects.  

Through, an extensive scientific studies in last three decades concludes the reactive oxygen species 

(ROS) are responsible for creating (DM) problems such as neuropathy, nephropathy, and retinopathy. These 

complications arise due to error prone bio-mechanisms are running to initiate unwanted progression of 

microvascular abnormalities [6]. Diabetic neuropathy, nephropathy, and retinopathy occur at severe glycemic 

condition, but it also shares a preliminary level of glucose, according to previously reported studies, such 

state is necessary to startup the damaging reactions, but it may not be enough to cause any kind of damages 

to our sensitive organs such as peripheral nervous system, kidneys, and retinas [7,8].  

An actual mechanism reported in a previously studies suggested that the activation of various key 

pathways at hyperglycemic state which leads to abnormal NF-κB generation, leading to acytokine belonging 

family mediators’ production eg. ICAM-1, VCAM-1, and VEGF expression is occurred due to unwanted 

reactive oxygen species (ROS) generation such as H2O2 and superoxide anion, which is directly linked to a 

vascular injury in retinal structure [9-11]. With this in mind, various antioxidants such as nutraceuticals and 

natural oxidants have been discovered recently, due to their apparent benefits over diabetes and other 

complications linked to it [12–15]. Malondialdehyde (MDA), a marker system for peroxidation of lipids present 

in the erythrocytic membrane of type-2 diabetic patients. Because MDA act as a marker system, therefore it 

can be used to diagnose the abnormal developing reactions occurring in diabetic patients and other 

complication linked to diabetes mellitus (DM). Unwanted Free-radical reactions arise after lipid toxification 

due to peroxidation of RBC membrane, causing the development of microvascular complications (MVC) like 

retinopathy in diabetic individuals [16]. This report focused on the relationship between oxidative stress and 

diabetes mellitus responsible to develop other complication like diabetic retinopathy.  

The aim of present study is to establish a correlation between type-2 diabetes mellitus, individuals 

with/without micro-vascular complications such as neuronal, nephron and retinal related damage to healthy 

individuals. 
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MATERIAL AND METHODS 

This study was conducted in the Department of Endocrinology, Wuhan Fourth Hospital; Puai Hospital, 

Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei-430034, China.  

The total number of one hundred and ten (n=110) individuals were participating in this study, out of which 

Ten (n=10) were considered as pre-diabetic mellitus (PDM), and rest hundred (n=100) includes: Type-

2diabetics (T2D) (n=50) and normoglycaemic (NG) (n=50) group was considered as healthy individuals were 

treated as subjects of analysis. 

Blood Sample Collection 

The waist width of the subjects was measured accurately around the point of the umbilicus by using a 

non-stretchable plastic tape. From hip portion that is widest portion of the body through which blood is easily 

drawn out in a measurable amount for analysis. 

Experimental procedure 

Ten mL quantity of fasting venous blood sample is required to collect from 12 hrs fasten individuals. The 

collected 10 mL quantity of blood was transferred by sterile syringes to vacutainer tubes to analyze the 

superoxide dismutase (SOD) activity, malondialdehyde (MDA) and hemoglobulin concentration. Trolox 

equivalent antioxidant capacity (TEAC) assay, oxygen radical absorption capacity (ORAC) assay were best 

method to analyze it. EDTA for the ferric reducing ability of plasma (FRAP) assay specifically for HbA1c, 

fasting plasma glucose, and fasting lipids checking; and rest of the blood serum containing tubes is kept for 

fasting serum insulin analysis.  

Aliquots of the sample was kept at-80°C to analyze the SOD activity. For HbA1c determination, aliquot 

of whole blood was stored in deep freezer maintained at -20°C. Anticoagulant was added to blood plasma 

before centrifugation for further analysis of TEAC, ORAC, and MDA, keeping centrifugal tubes at 4°C running 

at 4000 rpm for10 minutes and kept at -80°C and the rest of the fractionized EDTA-plasma sample was again 

kept at -80°C for FRAP analysis. Aliquots of plasma and serum were stored at -20°C to determine the sugar 

content, lipid profile, and insulin in a blood. 

Erythrocyte superoxide dismutase (SOD) activities 

The spectrophotometrically method was to determine the activity of Superoxide dismutase (SOD) in 
erythrocytic cells by using a commercially available kit RANSOD, Randox Lab Ltd, Crumen, UK. Actually, 
SOD activity is based on the generation of free radicals such as superoxide (O2

-), produced by xanthine in 
the presence of xanthine oxidase. The standard experiment of measurement of SOD activity is used by many 
researcher’s [17-19]. 

Plasma MDA level 

Plasma MDA concentration was determined by using thiobarbituric acid [20] Satoh's method [21,22]. Briefly, 
200 μL quantity of heparinized blood plasma was taken, then butylated hydroxytoluene (BHT) reagent is 
added, with the addition of trichloroacetic acid (TCA) to precipitate out plasma proteins. Thio-barbituric acid 
(TBA) was added to a prepared reaction mixture and incubated at 95°C for 45 minutes on a water bath. 
Chromogenic organic mixture was centrifuged with n-butanol and saturated NaCl solution. This is colorimetric 
test which is based on the MDA level corelated with intensity of color. Spectrophotometrically measured at 
535 nm and 572 nm against the blank.  

Glycemic control 

Fasting plasma glucose (FPG) level and HbA1c levels can be measured by using commercially available 
enzymatic reagent kits. Enzyme-Linked Immunosorbent Assay (ELISA)-kits used for insulin determinations.  

Fasting plasma lipids 

Total cholesterol (TC) and triacylglycerol (TAG) content can be measured by using commercially available 
enzymatic reagent kits. The level of HDL cholesterol was determined after selective precipitating the VLDL 
and LDL [23]. The Friedewald formula [24] can be used to calculate the LDL cholesterol content. 
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Statistical Analysis- T-2D and PDM groups can be categorized into sub-category, based on good glycemic 
control with (HbA1c<7%; (+) GGC) and bad glycemic control with (HbA1c>7%; (-) GGC) into T2-DM without 
complication and T2-DM with complication. Basal Metabolic Index (BMI>25 kgm−2) was used to define 
obesity [25]. The waist circumference (>85 cm for women and >90 for males) and waist to hip ratio i.e. >0.85 
for females and 0.9 for males) [26] defined the absolute obesity. 
 
Ethics approval and consent to participate- The above study was approved by the Human Ethical 
Committee (Ethics Committee approval number: WFH/TM/11/19 dated 24 June 2019) of the Wuhan Fourth 
Hospital; Puai Hospital, Tongji Medical College,Wuhan, Hubei-430034, China and informed consent was 
obtained from the patients before the study. 

RESULTS 

One hundred and ten (n=110) number of individuals were participating in this study. Mostly 70% males 
were participating in this study, while female’s participation was 30% only in all of the three groups because 
at present scenario mostly males are affected by this chronic disease Type-2 diabetes in India. At p-value 
(P>0.05) showed the insignificant difference between groups and gender composition of one group was found 
to be approximately likewise to that of another group. In the present study, mostly cases of nephropathy with 
complication (45.67%) were observed and rest cases were concerning with both nephropathy and 
retinopathy, it was only 27.67% cases were found. Some patients were already gaining benefit of anti-
hypertensive therapy. No patients were given insulin injection to both the studied cases of diabetic patients. 
Table 1 depicts the comparison of selected parameters between the three groups: control, T2DM with 
complication and T2DM without complication, statistically expressed as mean and standard deviation 
(mean±SD). An observed study found that older aged (56.19 years) diabetic patients with complication were 
more prone to be affected significantly (at p< 0.05) than the lesser aged diabetic patients without 
complications (50.19 yrs). Straightforwardly, it mean solder aged patients were likely chances to suffered 
from longer duration of illness than those without complication.  

Table 1. Comparison between cases: Control and Type-2DM with and without MVC complication. 

Parameters 

Control 

(n=10) 

T2-DM with 

complication 

(n=50) 

T2-DM without 

complication 

(n=50) F-value p-value 

Mean±S.D Mean±S.D Mean±S.D 

Age (Years) 44.72±8.39 56.19±9.65 50.19±9.65 11.485 0.000 

Duration of diabetes  10.01±1.32 5.01±0.65 111.039 0.000 

*SOD (U/gHb) 1079.05±58.96 660.96±26.73 856.99±53.46 829.885 0.000 

MDA (µmol/L) 1.86±0.11 5.96±0.38 3.72±0.15 596.11 0.000 

HDL (mmol/L) 0.92±0.23 0.94±0.27 0.90±0.21 - 0.077 

LDL (mmol/L) 3.31±1.00 3.31±1.00 3.40±0.70 - 0.121 

TC (mmol/L) 4.5±1.00 4.59±1.00 4.6±0.70 - 0.128 

TAG (mmol/L) 1.30 ±0.62 1.57±0.78 1.57±0.85 - 0.030 

*FPG (mmol/L) 5.1±0.56 7.89±2.80 5.77±1.20 - 0.031 

*SOD activity was negatively correlated with FPG, HbA1c in T2D, and FPG in PDM patients 

Table 2 shows the observed mean value of HbA1c% concentration forT-2DM with more complication 

was (9.63%), found to be highest value amongst the examined groups and rest of the group T-2DM without 

complication and control group with least one i.e. (7.66% and 5.18%), compared to complication group. 

Statistically analysis (at p<0.05 level), proves the significant difference between the values of three groups 

and it clears that there is no glycemic control. In addition, Table.2 depicts the diabetic patients with/without 

complication groups showing the significantly lower SOD activity than control (at p< 0.05 level). Table 2 

shows the difference between the cases with and without complication based on parameters in terms of 
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Mean±SD by the using t-test. This study investigated the significant increase in HbA1c% concentration in 

diabetic patients with vascular complications which means glucose control was almost error prone.  

Table 2. Comparison between the diabetic cases: with and without MVC complication. 

 

Parameters 

T-2DM with complication T-2DM without complication t-value 

 

P-value 

Mean±S.D Mean±S.D 

Age (Years) 56.19±9.65 50.19±9.65 2.437 0.000 

Duration of diabetes 10.01±1.32 5.01±0.65 7.239 0.000 

HbA1C (%) 9.63±1.37 7.663±1.29 6.988 0.000 

SOD (U/gHb) 660.96±26.73 856.99±53.46 17.91 0.000 

MDA (µmol/L) 5.96±0.38 3.72±0.15 21.13 0.000 

 

Table 3 shows the relationship of highlighted parameters with HbA1c in case of T-2DM without any 

complication by using correlation coefficient indicated by “r”. There was no significant at (p>0.05 level) 

correlation between age, duration of diabetes with HbA1c.  

Table 3. Correlation between parameters: HbA1c (%) and age, duration of diabetes, SOD activity& MDA concentration 
in T-2DM without complication. 

 

Parameters 

HbA1c(%) 

r P 

Age (yrs) -0.244 0.184 

Durationof diabetes (yrs) 0.116 0.512 

SOD activity (U/gHb) -0.345 0.055 

*MDA (µmol/L) 0.31 0.119 

* Significant correlation was observed at (p>0.01) level. 

Table 4 depicts, the correlation coefficient indicated by symbol “r” used to relate the highlighted 

parameters with HbA1c% in T-2DM with MVC complication. Correlation of parameters, namely: patient age, 

diabetes duration with HbA1c was not significant statistically at (p>0.05) level. SOD activity was indirectly 

correlated but it was insignificant. MDA level was found to be positive correlated to HbA1c with highly 

significant value at (p<0.01) level. In addition, multiple regression analysis was performed on diabetic patients 

with complication, it was clearly shown malondialdehyde (MDA) level is independently related to HbA1c% 

(R2=0.340 at P<0.05 level) concentration. 

 

Table 4. Correlation between parameters: HbA1c (%) and age, diabetes duration, SOD activity& MDA concentration in 
T-2DM with complication. 

 

Parameters 

HbA1c (%) 

r P 

Age (yrs) 0.055 0.763 

Duration of diabetes(yrs) -0.016 0.399 

SOD (U/gHb) -0.388 0.449 

*MDA (µmol/L) 0.547 0.002 

FPG (SOD activity) -0.20 0.172 

FPG (MDA level) 0.20 0.11 

*Significant correlation was observed at (0.01) level. 
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DISCUSSION 

Present study results showed the lowest activity of SOD was found in case of diabetic patients with 

complication; automatically enhance the lipid peroxides (malondialdehyde) level, compared to deprive of 

MVC complication or control group. A significant decrement in SOD activity observed in case of diabetics 

with MVC indicating lack of antioxidants, which directly initiates the reactive oxygen species generation [3,25]. 

The plasma MDA level was also affected and its level found to be higher in case of diabetic with complication, 

indicating more reactive species generation to reduce the lipids due to oxidative stress [26,23]. It was 

observed in this study that parameters such as blood glucose, HbA1c%, and MDA levels were increased 

significantly in complication cases compared to without complications cases. These factors are likely to be 

related with each other, because the lowest level of metformin changes the situation to a poor glycemic 

control leading to more oxidative stress, and diverting towards more prone to developing the late diabetic 

complications [21]. 

In this current study, no significant relation was obtained while studying the parameters: high-density 

lipoprotein (HDL), low density lipoprotein (LDL), Total cholesterol (TC) and Triacylglycerol (TAG) level in T-

2DM with/ without complication compared to Control group or no correlation was found with MDA level. 

Previous studies reported the MDA level changes significantly when the oxidation of unsaturated fatty acids 

occur similar changes found in triglyceride structure [27,28]. The HbA1c% shows the negatively correlated 

to superoxide dismutase (SOD) but positively correlated to malondialdehyde (MDA) but it was not significant. 

Other authors also reported same thing as our study shows the positive correlation between glycemic control 

parameters and MDA in DM patients [17,18,29,30] due to excessive accumulation of lipid peroxidation 

products. Our study revealed that SOD activity was decreased as in case of T-2DM with complication than 

without complication and control group due to auto-oxidation of glucose and more H2O2 production, but it 

was reverse in other reported studies due to increased protein glycation, which leads to reduced vascular 

concentrations of SOD-3 in relation to intracellular SOD-1 activity is also decreased, resulting into an 

increased superoxide production [22,31,32]. 

CONCLUSION 

By analyzing the whole results carefully in this study, it can be concluded that oxidative stress was more 

dominant reasons in case of type-2 diabetic patients in those who have poor glycemic control with more 

complications. The basic reason behind these complications like diabetes retinopathy (DR) was declined in 

SOD activity and enhances the MDA level by excessive generation of H2O2 and O2
- species due to auto-

oxidation of glucose, lipid peroxidation and protein glycation present in hyperglycemic state. From this study, 

at hyperglycemia condition also induces the reactive species generation like superoxides and hydrogen 

peroxides, which automatically starts to excessive use of endogenous antioxidants already available in 

plasma that is prominently observed in case of T-2 DM with complication as compared T-2 DM without 

complication and normoglycemia/control group.  

However, there is a presence of lots of controversial data on the antioxidant enzymes related to diabetes 

mellitus (DM) therefore, there is the need for long-term fruitful studies in order to analyze a large set of the 

considered parameters carefully and highlight the actual mechanisms involved in the complex 

pathophysiology of T2-DM. 

Funding:This study was supported by Wuhan health and family planning commission (No: WZ18Q18). 
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