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Type-2 diabetes mellitus (type-2DM), as defined by the 
American Diabetes Association (ADA) is a confusing entity. It is the 
most common form of diabetes, usually associated with insulin 
resistance [1]. Further, diabetic nephropathy (DN) is a serious 
microvascular complication of type-2DM and it is a major cause of 
end stage renal disease (ESRD) in United States and most of the 
industrialized Europe. The situation is not much different in India 
[2]. A higher proportion of individuals with type-2DM are found to 
have microalbuminuria and overt nephropathy at the time of 
diagnosis.

DN is one of its ominous complications of type-2DM and 
oxidative stress is an inevitable accompaniment of DN [3]. 
Oxidative stress defined in general as excess formation and/or 
insufficient removal of highly reactive molecules such as reactive 
oxygen species (ROS) and reactive nitrogen species (RNS). 
Exaggerated oxidative stress and erythrocyte deformability 
defects are considered to be associated with the development of 
nephropathy in type-2DM. Recent study suggests that, type-2DM 
also affects the function of the erythrocytes through interaction 
with its membrane and intracellular constituents [4].

Aim: This study was aimed to probe the effects of pioglitazone treatment on oxidative stress 
and erythrocyte membrane topographic alterations in type-2 diabetics with and without 
incipient nephropathy. Methods: Sixty type-2 diabetic patients inadequately controlled by 
diet, exercise and sulfonylurea monotherapy were enrolled for this study. We investigated the 
effects of pioglitazone treatment on plasma glucose and glycated HbA1c, plasma nitric oxide 
end products, erythrocyte membrane: lipid peroxides, cholesterol, phospholipids, glycation 
and oxidation of spectrin, adenosine triphosphatase activities and antioxidants such as 
Cu,Zn-superoxide dismutase, catalase and reduced glutathione from erythrocytes in these 
patients. Results: After 8 week pioglitazone treatment, significant decrease in plasma glucose 
and glycated HbA1c, plasma nitric oxide end products, erythrocyte membrane: lipid 
peroxides, cholesterol, phospholipids, glycation and oxidation of spectrin and significantly 
increased activities of adenosine triphosphatases, Cu,Zn-superoxide dismutase, catalase 
activities and reduced glutathione levels were observed. Conclusion: Thus, pioglitazone 
treatment significantly ameliorated the oxidative stress and erythrocyte membrane defects 
in these patients. We suggest early consideration of pioglitazone in type-2 diabetics with and 
without incipient nephropathy.

There are some characteristic features of the erythrocyte 
biology in type-2DM which are thought to contribute to clinical 
abnormalities of microcirculation [5]. In addition to altered 
cholesterol to phospholipids ratio in the core of the membrane, 
cross-linking of proteins and enzyme dysfunction due to oxidative 
stress, the erythrocytes may become less deformable and are 
disrupted while flowing through microangiopathic blood vessels. 
This severity is further increased in patients with diabetic renal 
diseases. Unfortunately, there have been no reports linking these 
physicochemical characteristics to a physiological consequence in 
type-2DM patients with incipient nephropathy.

The effect of antioxidant therapy is well documented in DN 
studies, although convincing evidence for clinical efficacy is still 
lacking [6]. Therefore, oral antidiabetic agents themselves 
exhibiting an antioxidant activity independent of their action on 
glycemic control may confer them a high therapeutic potential [7]. 
The more recently introduced drugs include thiazolidinediones 
(TZDs). These are peroxisome proliferator-activated receptor 
gamma (PPARγ) agonists, reported to have an antioxidant 
property [8]. Among these, pioglitazone is indicated for treatment 
in type-2DM patients with insufficient glycemic control despite 
maximal tolerated dose of oral monotherapy with sulfonylureas 
[9].

In light of above concepts we hypothesized that, treatment 
with pioglitazone, would alleviate oxidative stress and the defects 
in erythrocyte membrane in type-2 diabetic patients with and 
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without incipient nephropathy. In particular, to elucidate the 
mechanisms, we investigated the effects of pioglitazone treatment 
on plasma glucose and HbA1c, plasma nitric oxide (NO) end 
products, erythrocyte membrane: lipid peroxides (eMDA), 
cholesterol, phospholipids, glycation and oxidation of spectrin, 
ATPase activities (Na+K+-ATPase and Ca2+-ATPase) and 
erythrocytic antioxidants such as Cu,Zn-superoxide dismutase 
(Cu,Zn-SOD), catalase (CAT) activities and reduced glutathione 
(GSH) levels in type-2 DM patients with and without incipient 
nephropathy.

Subjects

A total of 60 type-2DM patients were studied. These patients 
were aged between 30 to 65 years, attending outpatient 
department and diabetes unit at S. C. S. M. general hospital, 
Solapur. Type-2DM patients were diagnosed through ADA criteria 
[10].

Inclusion criteria

Patients with more than one year duration of type-2DM, 
inadequately controlled by diet, exercise and sulfonylurea 
monotherapy, matched for body mass index (BMI) with 
comparable dietary habits were included.

These patients were divided into two groups based on 
presence or absence of incipient nephropathy:

Group-I consisting 30 normotensive type-2DM patients 
without complication and Group-II consisting 30 type-2DM 
p a t i e n t s  w i t h  i n c i p i e n t  n e p h r o p a t h y  ( p e r s i s t e n t  
microalbuminuria 30-300 mg/24 hours or 20-200 µg/min).

This study also incorporated 30 healthy subjects who served as 
controls and were matched for sex, age and BMI. All these subjects 
were informed about the experimentation and their consents were 
obtained. Characteristics of the patients are summarized in Table 
1.

Exclusion criteria

P a t i e n t s  w i t h  o v e r t  n e p h r o p a t h y  ( p e r s i s t e n t  
microalbuminuria more than 500 mg/24 hours) were excluded. 
Further, patients with type-1 diabetes mellitus or ketoacidosis; 
history of myocardial infarction, transient ischemic attacks; 
symptomatic heart failure; malabsorption or pancreatitis; 
malignant disease; history of lactic acidosis or hypoxemia; 
substance abuse; pregnant or breast-feeding women; previous 
treatment with antioxidant vitamins, minerals, metformin or 
other TZDs were excluded.

Experimental design

The study protocol was planned with the approval of ethical 
committee of the institute. This study was designed as open label, 
randomized controlled trial. Each patient was followed for a pre-
study period of 2 weeks before inviting them to randomly receive 
pioglitazone supplementation (15-45 mg/day). Following 
enrollment, all the subjects including controls were instructed for: 
not to change their lifestyle or their dietary habits and not to take 
any other dietary supplements.  The diet, for both patients and 
controls, was not monitored. At baseline (before treatment), all the 
parameters were evaluated. Further, at the end of 8 week of 
treatment all the parameters were once again evaluated. The final 
results obtained before and after treatment were compared 
statistically. 

MATERIALS AND METHODS

Sample collection and processing:

Fasting venous blood samples were collected in a heparinized 
vial and immediately processed. These blood samples were 
centrifuged at 3000 rpm for 5 min and plasma was carefully 
decanted while buffy coat was discarded. Further, plasma and 
washed erythrocytes were taken for biochemical analysis. 
Absorbances of all the analytes were measured on double beam 
UNICAM (helios-α) spectrophotometer throughout the study.

Analytical methods:

Estimation of FPG and HbA1c were carried out by using 
commercially available kits from Starchem diagnostics and Teco 
diagnostics respectively. Levels of eMDA [11], plasma levels of NO 
end products [12], erythrocyte Cu,Zn-SOD activity [13], 
erythrocyte CAT activity [14], erythrocyte GSH [15], erythrocyte 
membranes preparation and spectrin extraction [16], spectrin 
glycation [17], spectrin oxidative status [18], Na+K+-ATPase and 
Ca2+-ATPase activities [19], erythrocyte membrane protein [20], 
extraction of lipids from erythrocyte membrane [21] and the 
determination of cholesterol [22] and phospholipids [23] were 
done by the methods previously described. The chemicals and 
reagents used for present study were of analytical grade. 

Statistical analysis

All the results were presented as mean ± SD. The values 
obtained at baseline (i.e. group-I and group-II) were compared 
with controls. Whereas, the final values of analytes at the end of 8 
week of treatment were compared with their respective baseline 
values using student's t-test. Statistical analysis was carried out by 
using SPSS 10.0 for Windows (SPSS, Chicago, IL). Significance was 
accepted at the P <0.05 level.

All the values before and after pioglitazone treatment in type-
2DM patients with and without incipient nephropathy are shown 
in Table 2.

Baseline values of study parameters

As compared to controls and Group-I, group-II show 
significantly elevated FPG (p < 0.001), HbA1c (p < 0.001), plasma 
NO end products (p < 0.001), eMDA (p < 0.001), cholesterol (p < 
0.001), phospholipids (p < 0.001), erythrocyte membrane spectrin 
glycation (p < 0.001) and spectrin oxidation (p < 0.001), and 
significant decrease in erythrocyte membrane Na+K+-ATPase 

2activity (p < 0.001), Ca +-ATPase activity (p < 0.001), Cu,Zn-SOD 
activity (p < 0.001), CAT activity (p < 0.001), GSH levels (p < 0.001). 
All the baseline values in group-I were intermediate between 
controls and group-II. 

Effect of pioglitazone on study parameters

At the end of 8 weeks of pioglitazone treatment, group-I and 
group-II when compared with their respective baseline values, 
revealed significant decrease in FPG (p < 0.001) and HbA1c (p < 
0.001) levels. Group-I (p < 0.001) and group-II (p < 0.001) showed 
significant decrease in eMDA levels, significant decrease in plasma 
NO end products was observed in group-I (p < 0.01) and group-II 
(p < 0.001), Cu,Zn-SOD activity was significantly increased in 
group-I (p < 0.001) and group-II (p < 0.001), after treatment. 
Group-I (p < 0.01) and group-II (p < 0.01) exhibited significantly 
increased CAT activity. GSH levels were significantly increased in 
group-I (p < 0.001) and group-II (p < 0.001). Strikingly, only GSH 
levels in group-I could attain the levels of controls while group-II 
could not. 

Results
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Erythrocyte membrane cholesterol (p < 0.05) and phospholipids (p < 0.05) were found to be significantly decreased in group-I and 
group-II as compared to baseline values. Group-I (p < 0.001) and group-II (p < 0.001) revealed significant decrease in spectrin glycation, 
group-I (p < 0.001) and group-II (p < 0.001) showed significant decrease in spectrin oxidation. Na+K+-ATPase (p < 0.05) and Ca2+- ATPase 
activities (p < 0.05) were significantly increased, in group-I and group-II, after treatment.

Table 2: Effects of pioglitazone treatment on FPG, HbA1c, eMDA, NO end products, erythrocyte membrane spectrin glycation and spectrin 
oxidation, Na+K+-ATPase activity, Ca2+-ATPase activity, levels of cholesterol and phospholipids, Cu,Zn-SOD activity, CAT activity, levels of 
GSH in type-2DM patients.

Table 1: Shows demographic characteristics of the study subjects.
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Fig: 1: Shows possible mechanisms involved in the 
development of DN through oxidative stress and erythrocyte 
membrane topographic alterations. 

Oxidative stress and a confusing array of metabolic 
abnormalities in diabetes mellitus can also concern erythrocyte 
function. Changes affecting the respiratory function of erythrocyte 
are reflected upon every tissue of the body. Type-2DM has been 
correlated with an increase in non-enzymatic glycation of 
erythrocyte membrane proteins and altered erythrocyte 
membrane enzyme activities. The characteristic features of the 
erythrocyte biology in diabetes mellitus include decreased 
deformability, increased erythrocyte aggregation and decreased 
lifespan and ATPase activities [24].

In vivo studies revealed that oxidative stress due to 
hyperglycemia occurs before late complications become clinically 
evident, indicating that oxidative stress plays a crucial role in the 
pathogenesis of late diabetic complications [25]. HbA1c is a 
valuable index of hyperglycemia and protein glycation. It can also 
be a source of free radicals by reducing molecular oxygen [26]. Of 
particular interest, a study by Sehyun Shin et al [4] shows strong 
negative correlation between HbA1c and erythrocyte 
deformability which is suggested to be an indicator of 
nephropathy in type-2DM. HbA1c covalently bound to the 

DISCUSSION

membrane skeleton not only disrupts membrane organization but 
also threatens eventual oxidation of phospholipids via a calcium-
promoted quasi-lipoxygenase activity. Jain et al. [11] 
demonstrated that HbA1c correlates with erythrocyte membrane 
lipid peroxidation in diabetics.

Subsequent to pioglitazone treatment, a significant decrease in 
HbA1c was observed. Pioglitazone, is thought to reduce peripheral 
insulin resistance by activating PPARγ, increases glucose uptake in 
muscle and adipose tissue and decreases hepatic glucose 
production [27]. Our study symbolizes that; pioglitazone has 
positive effects on glycemic control in these patients. This indeed is 
of vital importance in incipient DN patients; because once overt 
DN is developed the patient is destined to progress to ESRD [2].

Hyperglycemia favors through the activation of nuclear factor-

ĸB (NF-ĸB), an increased expression of both NAD(P)H oxidase and 

nitric oxide synthase (NOS)  which is accompanied by increased 
generation of O2- and NO. Moreover, elevated NO contributes in 
the formation of peroxynitrite (ONOO-) in renal tissues. Because 
ONOO- is a stronger oxidant than both of its precursors, O2- and 
NO, and is also able to cross the erythrocyte membrane, it may 
cause oxidation of intracellular GSH, peroxidation of membrane 
lipids, aggregation and nitration of erythrocyte membrane 
proteins, in particular spectrin, and inactivation of membrane 
enzymes [28]. 

Present study revealed decrease in levels of NO end products in 
type-2DM patients with and without incipient nephropathy, after 
pioglitazone treatment. Pioglitazone particularly reduces 
constitutive endothelial cell NOS (ecNOS) in endothelium of 
glomerular vessels in early stages of type-2 DN [9].

We observed decrease in activities of antioxidant enzymatic 
systems in these patients and are attributed to progressive 
glycosylation of enzymatic proteins. Lower antioxidants and 
elevated eMDA concentrations may be risk factor for the 
development of nephropathy. 

Pioglitazone has been shown to have promising antioxidant 
activity in addition to their primary pharmacological activity [8]. 
This study shows significant increase in GSH levels and SOD, CAT 
activities in conjunction with decrease in eMDA after pioglitazone 
treatment in both groups. Conversely, several recent reports 
showed ability of PPARγ agonists to modulate expression of 
different NAD(P)H oxidase subunits and also increase SOD 
expression in human endothelial cells [29]. 

Several recent studies have shown that erythrocytes are 
imperative as biological carriers of antioxidants because of their 
circulating character and are considered to be an important 
mobile detoxifying system in circulation. Decrease in these vital 
antioxidants is not affordable because these antioxidants help to 
mop up superfluous free radicals. In view of these important 
detoxifying functions of erythrocytes, understanding the effect of 
oxidant damage to the erythrocytes and specific proteins is very 
important and has implications in type-2DM in which erythrocytes 
are subjected to oxidant stresses. Oxidative stress has also been 
postulated to be a trigger for premature removal of erythrocytes 
from circulation in patients having deficiencies in erythrocytic 
antioxidants [30].

Dyslipoproteinemia can modify the exchange of cholesterol 
and phospholipids between lipoproteins and erythrocytes 
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topography, antioxidant status and alleviates oxidative stress in 
type-2DM patients with and without incipient nephropathy. 
However, there is a need to comprehensive exploration of the links 
between erythrocyte membrane topographic alterations and near 
the beginning steps in pathogenesis of incipient nephropathy in 
type-2DM along with early consideration of pioglitazone in the 
management of DN.
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