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inTroDucTion

Type 2 diabetes mellitus is associated with an increased 
incidence of  macrovascular and microvascular 
complications, related to the degree of  hyperglycemia.[1,2] 
Oxidative stress also plays an important role in 
the etiology of  diabetic complications such as  
atherosclerosis.[3-5] Lipid alterations and oxidizablitiy of  
lipoproteins have also been considered as contributory 
factors to oxidative stress in type 2 diabetes mellitus. 
Oxidative conversion of  low density lipoprotein (LDL) 
to oxidized LDL is considered to be a key event in 
the biological process that initiates and accelerates the 
development of  the early atherosclerotic lesion – fatty 

streak in diabetes. [6] Coronary heart disease (CHD) is 
equally common in both men and women suffering 
from type 2 diabetes, but it has been proved that post-
menopausal women with type 2 diabetes are at higher 
risk of  CHD.[7] The greater cardiovascular risk in diabetic 
women could be related to an increased susceptibility of  
LDL to oxidation. As we know that ox-LDL is responsible 
for the development of  macrovascular complications 
in type 2 diabetes, we assessed the ability of  LDL to 
generate peroxides by measuring its antioxidant potential 
(AOP). Therefore, we aimed to study the status of  lipid 
profile in normal and type 2 diabetic subjects to compare 
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A B S T R A C T

Background: Hyperglycemia plays an important role in etiology of vascular complications like atherosclerosis in diabetes. Oxidative 
modification of low density lipoprotein (LDL) plays an important role in the progression of atherosclerosis. The aim of the present 
study is to compare the antioxidant potential (AOP) of LDL in type 2 diabetic men and women. Materials and Methods: The study 
was carried out in 80 diabetic subjects and 80 control subjects. The men (40) and women (40) in the diabetic groups were studied 
separately and matched for age (50–60 years), body mass index (BMI), duration of diabetes, glycosylated hemoglobin, and lipid profile. 
LDL from the serum sample was precipitated by heparin citrate precipitation method. For the measurement of AOP in LDL, we used 
xanthine–xanthine oxidase method. Results: Our results showed that AOP value was significantly low in diabetic women (P < 0.05) in 
comparison with diabetic men. Conclusion: It is therefore suggested that LDL from type 2 diabetic women is more prone for oxidation.
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Table 1: Antioxidant potential of low density lipoprotein 
in diabetic and control subjects
Variables Control group (n=80) Diabetic group (n=80)

Men (n=40) Women 
(n=40)

Men 
(n=40)

Women 
(n=40)

AOP 
of LDL 
(U/mg 
Protein)

2.242±0.890 1.903±0.938 1.809±0.729a 0.710±0.418b°

aP< 0.05–0.0001, type 2 diabetic men vs control men. bP  < 0.05–0.0001, type 2 
diabetic women vs control women. °P< 0.05, type 2 diabetic women vs, type 2 
diabetic men
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the AOP of  LDL in type 2 diabetics and normal subjects 
and compare it between genders also.

MATeriAls AnD MeThoDs

The present study was carried out in Department of  
Biochemistry, G. R. Medical College, Gwalior (MP). 
The study protocol was approved by Institute Ethical 
Committee, and written consent was also taken from the 
patients before starting the work. The study was carried out 
in 100 subjects, out of  which 50 were diabetic subjects and 
50 were healthy control subjects (age matched 50– 60 years). 
The control and diabetic subjects, according to their sex, 
were divided into two groups each: (1) men (25) and (2) 
post-menopausal women (25). Five milliliters of  fasting 
blood samples was analyzed for biochemical parameters. 
Glycosylated hemoglobin (HbA1c) level was determined 
by the method of  Rai (1986).[8] Fasting blood sugar and 
lipid profile were measured by standard kit method. AOP 
of  LDL was determined by xanthine oxidase method[9] in 
which LDL was precipitated by heparin-citrate method.[10]

Significance of  values was calculated by independent 
Student’s “t”-test. Data analyses were performed with 
the Statistical Package for the Social Sciences (SPSS® 
version 16.0; SPSS Inc., Chicago, IL, USA).

resulTs

In the present study, the AOP value decreased significantly 
(P > 0.05–0.001) in the diabetic group compared to the 
control group, and this AOP value was significantly low 
(P > 0.05) in post-menopausal diabetic women compared 
to diabetic men [Table 1]. Other biochemical parameters 
like fasting blood sugar, lipid profile, and HbA1c were also 
changed significantly (P > 0.05–0.001) in diabetic subjects 
as compared to control subjects [Table 2].

Discussion

Our results suggest that among the patients between 50 

and 60 years of  age with 8–10 year duration of  disease, 
normal body mass index (BMI), and on medication, LDL 
of  type 2 diabetic women was more prone to oxidation due 
to its low AOP, as compared to men. Thus, the increased 
risk of  CHD in type 2 diabetic women could be linked to 
decreased insulin sensitivity and change in LDL structure 
due to both diabetic and post-menopausal effects,[11,12] 
which make LDL more prone for oxidation. The post-
menopausal status of  women could influence LDL size, and 
consequently the susceptibility for peroxidation. Estrogen 
replacement therapy may decrease the oxidation of  LDL 
in the post-menopausal women.[13,14] Other probable cause 
for oxidation of  LDL in post-menopausal females could 
be their low AOP, and thus they are prone to early onset 
of  CHD. Due to the deficiency of  estrogen in post-
menopausal type 2 diabetic females, estrogen replacement 
therapy may help in prevention of  LDL oxidation.

conclusion

It is therefore concluded that the risk for CHD in type 2 
diabetic females could be linked to the greater propensity of  
their LDL to undergo oxidation and generate the peroxides 
due to its low AOP.

references

1. Bonnefont RD, Bastard JP, Jaudon MC, Delattre J. Consequences 
of the diabetic status on the oxidant/antioxidant balance. Diabetes 
Metab 2000;26:163-76.

2. Robertson RP. Chronic oxidative stress as a central mechanism for 
glucose toxicity in pancreatic islet beta cells in diabetes. J Biol Chem 
2004;279:42351-4.

3. Maritim AC, Sanders RA, Watkins JB 3rd. Diabetes, oxidative stress, 
and antioxidants: A review. J Biochem Mol Toxicol 2003;1:24-38.

4. Surekha RH, Madhavi G, Ramachandra RV, Sahay VK, Jyothy A. 
Risk factors for coronary heart disease in type II diabetes mellitus. 
Indian J Clin Biochem 2005;20:75-80.

5. Young IS, Mceneny J. Lipoprotein oxidation, and atherosclerosis. 
Biochem Soc Trans 2001;29:358-62.

6. Witztum JL, Steinberg D. The oxidative modification hypothesis of 
atherosclerosis: Does it hold for humans? Trends Cardiovasc Med 
2001;11:93-102.

7. Guerci B, Antebi H, Meyer L, Durlach D, Ziegler O, Nicolas JP, et al. 

Table 2: Significance of biochemical parameters in diabetic subjects and control subjects
Parameters Control group (n=80) Diabetic group (n=80)

Men (n=40) Women (n=40) Men (n=40) Women (n=40)
HbA1c (0.26-0.60 Mhexose/Mhb) 0.263±0.016 0.267±0.024 0.54±0.034a 0.58±0.04b

Glucose (70-110 mg/dl) 73.46±9.54 71.34±7.21 140±8.25a 130.4± 8.98b

Total Cholesterol (150-250 mg/dl) 155.32±16.08 165.23±15.23 170.42±14.63 165.9±13.26
Triglycerides (50-150 mg/dl) 125.43±23.08 137.32±20.08 160.23±20.34a 177.53±20.03b

LDL-Cholesterol (100-160 mg/dl) 81.23±25.85 92.67±17.87 105.09±20.65a 117.43± 23.53b

HDL-Cholesterol (40-60 mg/dl) 49.32±8.33 46.55±6.22 39.45±4.23a 36.87±4.23b

VLDL-Cholesterol (10-30 mg/dl) 25.80±4.61 27.42±4.04 33.23±6.43a 35.34±4.22b

Values Expressed as Mean ±SD. aP< 0.05–0.0001, type 2 diabetic men vs control men. bP  < 0.05–0.0001, type 2 diabetic women vs control women. °P< 0.05, type 2 
diabetic women vs, type 2 diabetic men



Indian Journal of Endocrinology and Metabolism / Jul-Aug 2012 / Vol 16 | Issue 4 611

Singh, et al.: Antioxidant potential of LDL in Type 2 diabetes

Increased ability of LDL from normolipidemic type 2 diabetic women 
to generate peroxides. Clin Chem 1999;45:1439-48.

8. Rai KB, Pattabiraman TN. Glycosylated haemoglobin levels in iron 
deficiency anaemia. Indian J Med Res 1986;83:234-6.

9. Durak I, Karabacak HI, Buyukkoçak S, Çimen MY, Kaçmaz M, 
Omeroolu  E. Impaired antioxidant defense system in the kidney 
tissue from rabbits treated with cyclosporine: Protective effects of 
vitamins E and C. Nephron 1998;78:207-11.

10. Wieland H, Seidel D. A simple specific method for precipitation of 
low density lipoproteins. J Lipid Res 1983;24:904-9.

11. Walton C, Godsland IF, Proudler AJ, Wynn V, Stevenson JC. 
The effects of the menopause on insulin sensitivity, secretion 
and elimination in non-obese, healthy women. Eur J Clin Invest 
1993;23:466-73.

12. Ambrosch A, Muhlen I, Kopf D, Augustin W, Dierkes J, Konig W, 

et al. LDL size distribution in relation to insulin sensitivity and 
lipoprotein pattern in young and healthy subjects. Diabetes Care  
1998;21:2077-84.

13. Lacort M, Leal AM, Liza M, Matin C, Martinez R, Ruiz-Larrea  MB. 
Protective effect of estrogens and catechol estrogens against 
peroxidative membrane damage in vitro. Lipids 1995;30:141-6.

14. Zhang X, Jiao J, Bhavnani BR, Tam S. Regulation of human 
apolipoprotein A-1 gene expression by equine estrogens. J Lipid 
Res 2001;42:1789-800.

Cite this article as: Singh N, Singh N, Singh SK, Singh AK, Kafle D, Agrawal 
N. A comparative study of antioxidant potential of low density lipoprotein in 
type 2 diabetic men and women. Indian J Endocr Metab 2012;16:609-11.

Source of Support: Nil, Conflict of Interest: None declared.


