
6 

 International Journal of Academic Medicine and Pharmacy(www.academicmed.org) 
ISSN(O): 2687-5365; ISSN(P): 2753-6556 

 

 

 

 
OXIDATIVE STRESS IN TYPE 2 DIABETIC 

PATIENTS IN A TERTIARY CARE HOSPITAL 
 

Sushil Kumar1, Jaya Jain2, Ashutosh Jain3, Kamna Singh4 

 
1Ph.D. Scholar, Department of Biochemistry, Index Medical College, Hospital & Research Centre, 

Malwanchal University, Indore, Madhya Pradesh, India 
2Associate professor, Department of Biochemistry, Index Medical College, Hospital & Research 

Centre, Malwanchal University, Indore, Madhya Pradesh, India 
3Assistant Professor, Department of Physiology, Index Medical College, Hospital & Research 
Centre, Malwanchal University, Indore, Madhya Pradesh, India 
4Associate Professor, Department of Biochemistry, S.N. Medical College, Agra, Uttar Pradesh, 

India 
 

Abstract 
Background: Blood arteries in type 2 diabetics are damaged by oxidative 

stress-induced cellular inflammation brought on by hyperglycemia-induced 

excess free radical production, dyslipidemia, and other factors. Materials and 

Methods: 100 Type 2 diabetics and 100 controls with similar ages and sexes 

were involved in the study. Using accepted techniques, fasting and post-

prandial glucose, HbA1C, lipid profile, malondialdehyde, uric acid, and 

ceruloplasmin levels were calculated. Result: Increased levels of triglycerides, 

total cholesterol, LDL, MDA, UA, and CP, as well as lower levels of HDL, 

were seen in type 2 diabetics. While HDL and HbA1c exhibited a substantial 

negative association, MDA, CP, UA, and LDL showed a significant positive 

correlation. Significantly positive correlations between MDA, CP, and UA and 

LDL and HDL were observed. Significant positive correlations between 

MDA, CP, and UA were observed. Conclusion: To minimize oxidative stress 

in T2DM, it is crucial to maintain strict control of blood sugar (HbA1C 6.5%), 

LDL (100 mg/dL), and HDL (>40 mg/dL), early in the course of the disease. 

 
 

 

INTRODUCTION 
 

It has been suggested that the various molecular 

disorders underlying the emergence of insulin 

resistance, -cell dysfunction, and impaired glucose 

tolerance leading to the emergence of type 2 

diabetes mellitus are all connected by oxidative 

stress, which produces reactive oxygen species 

(ROS).[1] The pathogenesis of T2DM and its 

complications is heavily influenced by oxidative 

stress, which results from persistent hyperglycemia 

and dyslipidemia. This stress causes excessive ROS 

production, autooxidation of glucose, non-

enzymatic protein glycosylation, the formation of 

lipid peroxides, impaired glutathione metabolism, 

impaired activities of antioxidant defense enzymes, 

and decreased concentrations of low molecular 

weight antioxidants like ceruloplasmin and uric 

acid. Since lipid peroxidation products are stable 

and simple to measure, malondialdehyde, also 

known as TBARS (ThioBarbituric Acid Reacting 

Substances), is widely used to assess the 

prooxidant/antioxidant balance in type 2 diabetic 

patients. The availability of iron in processes that 

produce free radicals is reduced by ceruloplasmin 

acting as ferroxidase.[2-4] A rise in CP levels is likely 

to favor its preventive impact against free radical 

harm given the pro-oxidant condition of T2DM 

patients.[5] In contrast, a rise in serum CP in type 2 

diabetes may result in an excess of oxidized LDL, 

which results in atherosclerosis.[6] By producing free 

radicals like hydrogen peroxide during the 

oxidization of serum homocysteine, it may also 

result in vascular damage.[7] In humans, vitamin C is 

the secondary plasma antioxidant to uric acid. 

Vitamin C in plasma is stabilized and shielded from 

oxidation by uric acid. The soluble form of uric acid 

in the blood, known as urate, has the ability to 

chelate transition metals and can scavenge 

superoxide, hydroxyl, and singlet oxygen radicals.[8] 

Additionally, uric acid can prevent the superoxide 

anion from reacting with nitric oxide to create 

peroxynitrite, a highly toxic byproduct that can 

harm cells by nitrosylating their tyrosine residues.[9] 

By analyzing malondialdehyde (a measure of lipid 

peroxidation), uric acid, and ceruloplasmin 

(physiological, endogenous free-radical scavengers), 

and comparing them to HbA1C and lipid profile, it 

is possible to assess oxidative stress in T2DM. 
 

MATERIALS AND METHODS 

 

This study was conducted in the department of 

biochemistry, Index Institute of Medical Sciences 
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and Hospital in collaboration with the department of 

medicine, Indore, Madhya Pradesh. The institutional 

ethics committee gave its approval to this work. 

Before taking a blood sample, each participant's 

informed oral agreement was obtained after they had 

been informed of the study's goals in their native 

language. In this study, 100 Type 2 diabetics 

without problems served as the cases, whereas 100 

controls with similar ages and sexes appeared to be 

in good condition. Each participant's full medical 

history was elicited, and each person underwent a 

comprehensive physical examination. 

Inclusion Criteria 
In the study, patients diagnosed with Type 2 

diabetes mellitus without complications through 

history, clinical examination, and laboratory 

investigations and falling within the age range of 35 

to 65 years were included. For the study, controls 

consist of people who appear to be in good health 

and are similar in age and sex to the sample group. 

Exclusion Criteria 
Patients with microvascular problems including 

neuropathy, nephropathy, and retinopathy as well as 

macrovascular issues like cardiovascular, 

cerebrovascular, and peripheral vascular illnesses 

were excluded. The study did not include patients 

with hemoglobinopathies, anemia, chronic 

alcoholism, renal, hepatic, or thyroid abnormalities, 

febrile sickness, diabetic ketoacidosis, renal failure, 

or chronic illnesses. Patients receiving insulin 

therapy for Type I or Type II diabetes were 

disqualified. Pregnant women and those on lipid-

modifying medications like statins or fibrates, 

steroids, beta blockers, thiazides, phenytoin, etc. 

were excluded. 

Sample Collection 
All subjects underwent a 12- to 14-hour overnight 

fast before having their fasting blood drawn. 5 ml of 

blood was extracted from the median cubital vein of 

the study participants using aseptic techniques. The 

blood was divided into two vials, one of which was 

empty and the other contained a 2:1 mixture of 

potassium oxalate and sodium fluoride, an 

anticoagulant. Serum, plasma, and whole blood 

parameters were examined. Whole blood is used for 

estimation of Malondialdehyde by Thiobarbituric 

acid method,[10] and HbA1C by Ion exchange resin 

method.[11] Plasma is used for fasting glucose 

estimation by GOD-POD method.[12] Serum for 

estimation of Cholesterol by CHOD-POD 

method,[13] Triglycerides by GPO method,[14] HDL-

C by Phosphotungstic acid 

method,[15]Ceruloplasmin by Ravin’s method,[16] 

Uric acid by TBHB-POD method.[17] VLDL-C & 

LDLC were calculated by Friedwald’s formula.[18] 

Then 2ml of post prandial blood sample is collected 

for estimation of post-prandial plasma glucose 

concentration.  

Statistical Analysis 
Excel and medical statistical tools were used to 

examine the results using descriptive statistical 

analysis. For each variable, the results were reported 

as Mean Standard Deviation. Analysis of variance 

was used to compare the parameters between 

groups, and P 0.05 is regarded as significant. The 

disease and the variables are correlated using 

Pearson's correlation. 

 

RESULTS 

 

This study covered 200 patients in total. Two sets of 

study participants were used: group A (Control) 

consisted of healthy persons, and group B (Type 2 

Diabetic) of patients with diabetes mellitus. In A & 

B groups, the distribution of participants by age is 

shown in [Table1]. 

The mean age of the Type 2 diabetic subjects was 

having higher 51.76±15.36 years and in 

50.24±14.21 years for healthy controls. The mean 

SBP of the Type 2 diabetic subjects was 

significantly higher 150.32±31.25 as compared to 

23.07±1.49 healthy controls. Similarly, mean DBP 

of the Type 2 diabetic subjects was significantly 

higher 98.21±18.26 as compared to 80.54±16.21 

healthy controls [Table 2]. 

The mean FBS and PPBS of the Type 2 diabetic 

subjects was significantly (P<0.01) higher 

178.45±32.32 and 215.54±45.26 as compared to 

88.28 ± 15.25 and 121.18±25.06 healthy 

controls[Table-8 & Fig.9].. Similarly, mean HbA1c 

of the Type 2 diabetic subjects was significantly 

(P<0.001) higher 7.39±2.54 as compared to 

4.41±1.32 healthy controls [Table-3 & fig.1]. 

All serum lipid and lipoproteins were significantly 

higher in Type 2 diabetic patients as compared to 

healthy controls except HDL-c which is 

significantly lower in Type 2 diabetic patients 

compared to healthy controls. Mean level of 

cholesterol value in Type 2 diabetic patients was 

significantly higher than the mean serum of healthy 

controls (P<0.001). The mean level of triglycerides 

in Type 2 diabetic patients was significantly 

(P<0.001) increased compared to healthy controls. 

The mean level of LDL-c in Type 2 diabetic 

subjects was statistically significant (P<0.001) 

higher than the mean value of healthy controls. 

Mean level of serum HDL cholesterol was 

significantly (P<0.03) lower in Type 2 diabetic 

subjects as compared to the mean value  of healthy 

controls. Mean level of uric acid value in Type 2 

diabetic patients was significantly higher than the 

mean serum of healthy controls (P<0.01) in  

[Table4]. 

MDA, SOD, GSH, and CAT levels were examined 

in order to quantify the oxidative stress that was 

caused in Type 2 diabetic. Patients with Type 2 

diabetic had MDA &ceruloplasmin levels that were 

significantly higher (0.9±0.013; 43.21±10.41) than 

those with healthy controls (0.05±0.002; 74.14 

±14.32). Mean level of CAT 0.92±0.041value in 

Type 2 diabetic patients was significantly lower than 

the mean serum1.05±0.035 of healthy controls 

(P<0.01). Similarly, SOD activity (0.055±0.02) and 



8 

 International Journal of Academic Medicine and Pharmacy(www.academicmed.org) 
ISSN(O): 2687-5365; ISSN(P): 2753-6556 

GSH level (0.05±0.002) were lower in the Type 2 

diabetic group compared to the healthy control 

group for SOD (0.087±0.004) and GSH 

(0.11±0.004), respectively in [Table-5 & fig.2]. 

The correlation of other parameters with 

Malondialdehyde, Ceruloplasmin and Uric acid was 

summarized in [Table 6]. 

 

 

Table 1: Distribution of subjects according to age group. 

Age group Control Type 2 Diabetic 

35-50 32 (32.0%) 36 (36.0%) 

50-65 68 (68.0%) 64 (64.0%) 

Total  100 (100.0%) 100 (100.0%) 

 

Table 2: Shows the general demographic characteristics in between control and Type 2 diabetic.  

Variables  Control Type 2 diabetic P value 

Male : Female 64:36 62:38 0.25 

Age in years  50.24±14.21 51.76±15.36 0.18 

SPB in mm of Hg 122.14±26.04 150.32±31.25 0.01 

DBP in mm of Hg 80.54±16.21 98.21±18.26 0.01 

 

Table 3: Shows the comparison of sugar profile in between control and Type 2 diabetic. 

Sugar profile   Control Type 2 diabetic P value 

FBS (mg/dl) 88.28± 15.25 178.45±32.32 0.01 

PPBS (mg/dl) 121.18±25.06 215.54±45.26 0.01 

HbA1c (%) 4.41±1.32 7.39±2.54 0.001 

 

Table 4: Shows the comparison of lipid profile in between control and Type 2 diabetic. 

Lipid profile Control Type 2 diabetic P value  

T. cholesterol (mg/dl) 184.45±14.21 274.65±21.24 0.001 

Triglycerides (mg/dl)  152.21±15.32 306.32±54.36 0.001 

HDL-c (mg/dl) 41.21±7.38 27.65±4.21 0.03 

LDL-c (mg/dl) 138.24±14.65 294.32±24.36 0.001 

Uric acid (mg/dl) 2.9±0.82 5.68±1.38 0.01 

 

Table5: Shows the comparison of oxidative stress in between control and Type 2 diabetic. 

Oxidative stress variables  Control Type 2 diabetic P value 

MDA (nmol/ml) 0.05±0.002 0.9±0.013 0.01 

Ceruloplasmin 43.21±10.41 74.14 ±14.32 0.01 

CAT (MU/L) 1.05±0.035 0.92±0.041 0.01 

SOD (units/ml) 0.087±0.004 0.055±0.02 0.01 

GSH (µM) 0.11±0.004 0.05±0.002 0.01 

 

Table 6: Shows the Pearson correlation with Malondialdehyde, Ceruloplasmin& Uric acid. 

Variables  Correlation with 

Malondialdehyde 

Correlation with 

Ceruloplasmin 

Correlation with Uric acid 

 (r) value  P value (r) value P value (r) value P value 

Fasting glucose + 0.36 0.002 + 0.38 0.002 + 0.42 0.001 

Postprandial glucose + 0.56 0.001 + 0.55 0.001 + 0.52 0.001 

HbA1c + 0.48 0.001 + 0.50 0.001 + 0.54 0.001 

Total cholesterol +0. 85 0.001 + 0.82 0.001 + 0.68 0.001 

Triglycerides + 0.77 0.001 + 078 0.001 + 072 0.001 

HDL -0.62 0.001 +0.64 0.001 +0.62 0.001 

LDL + 0.58 0.001 + 0.61 0.001 + 0.66 0.001 

Malondialdehyde - - + 0.69 0.001 + 0.70 0.001 

Ceruloplasmin + 0.52 0.001 - - + 0.67 0.001 

Uric acid + 0.64 0.001 +0.69 0.001 - - 
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Figure 1: Shows the comparison of HbA1c in between 

control and D-AMI. 

 

 
Figure 2: Shows the comparison of oxidative stress in 

between control and Type 2 diabetic patients. 

 

DISCUSSION 
 

In the world, diabetes is an important health issue. It 

has negative socioeconomic and health effects on 

both individuals and populations. Additionally, 

shifting demographics including population aging, 

socioeconomic conditions, dietary habits, and 

migratory causes, as well as an increase in 

overweight and obese adults and children, are 

contributing factors to the pandemic rise in 

diabetes.[19,20] A typical endocrine metabolic 

condition is diabetes. Elevated glucose levels are 

caused by a variety of biological and epigenetic 

causes, including decreased insulin secretion, 

aversion, or both.[21] Chronic increases in blood 

sugar, non-esterified fatty acids, and oxidative stress 

are hallmarks of diabetes mellitus. High levels of 

malondialdehyde, ceruloplasmin, and uric acid in 

type 2 diabetics are indicative of high OS. In this 

study, type 2 diabetics have much higher levels of 

the lipid peroxidation product, MDA, assessed as 

TBARS, than do controls. This result is consistent 

with other studies' findings, as shown in [Table 

6].[22,23] In the current investigation, patients had 

considerably higher ceruloplasmin levels than 

controls. These results are consistent with research 

from A. Sarkar et al (2010),[24] and B. Vîrgolici et al. 

(2008).[25] In the current investigation, type 2 

diabetic patients had considerably higher serum uric 

acid levels than did controls. These results are 

consistent with research by Natheer H. Al-Rawi 

(2011), A. Sarkar et al. (2010), and B. Vîrgolici et 

al. (2008). MDA, ceruloplasmin, and uric acid 

significantly positively correlated with HbA1C in 

the current study (P 0.001). The current study found 

a highly significant positive association between 

MDA and triglycerides, cholesterol, VLDL, and 

LDL (P 0.001) and a highly significant negative 

correlation between MDA and HDL (P 0.001). 

Ceruloplasmin significantly positively correlated 

with dyslipidemia in the current study (P 0.001). 

Studies by B.Vîrgolici et al. (2008) and Sarkar et al. 

(2010) produced similar results. Uric acid 

significantly positively correlated with cholesterol, 

triglycerides, VLDL, and LDL in the current study 

(P 0.001). A extremely substantial negative 

connection between HDL and uric acid was found 

(P 0.001). Studies by B.Vîrgolici et al. (2008) and 

Natheer H Al-Rawi (2011) produced similar results. 

In comparison to non-diabetic persons, type II 

diabetes patients have greater levels of MDA, which 

stands for the oxidative damage products of lipids 

and proteins, respectively.[26] The progression of 

DM is characterized by maxima in nonesterified 

fatty acids, oxidative stress, and hyperglycemia. 

Increased oxidative stress is indicated by high MDA 

levels in Type II diabetes. In this study, diabetes 

type 2 participants have a considerably higher level 

of the lipid peroxidation product, MDA, assessed as 

TBARS, compared to nonnormal subjects. This 

result agreed with that of Moussa and Rani et al.[28] 

 

CONCLUSION 
 

These results indicate that Type 2 diabetes is a 

chronic, progressive disease characterized by 

hyperglycemia and dyslipidemia, which increases 

cellular susceptibility to lipid peroxidation and 

inflammation as a result of oxidative stress, which is 

a key factor in the pathogenesis of diabetes and its 

complications. The findings of this study and other 

research provide enough proof that type 2 diabetes 

patients with poor metabolic control and 

dyslipidemia had higher MDA, CP, and UA levels. 

These findings imply that supportive therapy 

targeted at oxidative stress may aid in delaying the 

onset of type 2 diabetes mellitus problems. Along 

with normal care, methods like consistent exercise 

and/or antioxidant therapy may enhance the quality 

of life and slow the progression of the disease in 

type 2 diabetic patients. 
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