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Abstract 
Diabetes mellitus is a chronic endocrine disorder associated with a multitude of microvascular and macrovascular complications. 

The imbalance between the productions of free radicals plays a prominent role in the development of these complications. 

Different markers of oxidative stress on erythrocyte membrane like Malondialdehyde (MDA), Protein carbonyl, Protein thiols 

and protein content of the membrane show variations which can be estimated to know the effect of oxidative stress. Similar effect 

is seen on erythrocyte membranes when these are subjected to proxidants like Ascorbic acid with Iron or Copper in Vitro. In our 

study the effect of oxidative stress on RBC membrane in diabetes was estimated and the same was validated by subjecting 

Erythrocyte membranes of controls to oxidative stress in vitro by using Ascorbic acid with Iron.  

A case control comparative study was done with type 2 DM patient blood samples and normal controls at BMCH & RC, 

Chitradurga. The maximum number were of the age group of 41- 45 i.e. 32%. The mean FBS levels among cases and controls 

197.50 mg/dl and 93.48 mg/dl respectively. There was similarity in the results between levels of protein content (4.56±0.19), 

protein carbonyl (1.20±0.08), protein thiol levels (1.42±0.10) and MDA (4.23±0.21) among diabetics in comparison to protein 

content (4.28±0.14), protein carbonyl (1.39±.0.097), protein thiols (1.04±0.05) and MDA (4.75±0.81) in controls treated with 

Iron Ascorbate a pro-oxidant mixture. 
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Introduction 
Type 2 diabetes mellitus (DM) is a chronic 

endocrine disorder in which prevalence has been 

escalating steadily all over the world. As a result of this 

trend, it is rapidly becoming an epidemic in many 

regions of the world with the number of people affected 

expected to double in the next decade due to increase in 

ageing population, thereby adding to the already 

existing burden for healthcare providers, especially in 

poorly developed countries. People afflicted with type 2 

DM are more prone to various forms of both short- and 

long-term complications, which often lead to their 

reduced life span. This tendency of increased morbidity 

and mortality is seen in patients with type 2 DM 

because of the increased prevalence of this type of DM, 

its insidious onset and delayed recognition, especially 

in resource challenged regions like India and Africa.1 

Type 2 DM is primarily due to lifestyle factors and 

genetic makeup which in turn leads to an interplay of 

insulin resistance and insulin defficiency.2 Numerous 

lifestyle factors are known to be important in the 

development of type 2 DM. These are lack of exercise, 

sedentary lifestyle, tobacco smoking and excessive 

consumption of alcohol.3 

Reactive oxygen species leading to oxidative stress 

plays a key role in the aetiopathogenesis of persistent 

and progressively deteriorative diseases such as 

malignancies, arthritis, senility, autoimmune disorders, 

cardiovascular and neurodegenerative diseases, diabetes 

being one among them. Various antioxidants are 

endogenously synthesized in the human body. They are 

also obtained exogenously through diet and 

supplements. These antioxidants act as free radical 

scavengers by preventing and repairing impairments 

caused by ROS and RNS, and hence can increase the 

immune defense and decrease the risk of malignancies, 

metabolic and degenerative diseases.4 

The concept of free radicals has been in vogue 

since the past fifty years; however the past two decades 

has seen a tremendous increase in the understanding of 

their roles in the development of diseases, and also of 

the beneficial effects of antioxidants on health.  

Oxidative stress can arise when cells cannot 

adequately cope up with the excess of free radicals 

formed. Oxidative stress which occurs due to increased 

generation of free radicals can damage cell membranes. 

Free radicals also have deleterious effects on other 

structures such as proteins, lipids, lipoproteins, and 

deoxyribonucleic acid.6 In other words; oxidative stress 

results from an imbalance between formation and 

deactivation of ROS/RNS. Biological free radicals are 

thus highly unstable entities that have electrons 

available to react with different organic substrates such 

as lipids, proteins, DNA. Free radicals can be formed 

due to non-enzymatic reactions of oxygen with organic 

compounds as well as those initiated by ionizing 

radiations. The nonenzymatic process can also occur 

during oxidative phosphorylation (i.e. aerobic 

respiration) in the mitochondria.7 
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ROS and RNS are produced from either 

endogenous or exogenous sources. The causative 

factors implicated in the generation of endogenous free 

radicals are ischemia, infection, heavy physical 

exercise, ageing, malignancies and mental stress. 

Exogenous factors implicated in the generation of 

ROS/RNS are air and water pollution, radiation, 

tobacco smoke, alcohol, heavy metals (Cd, Hg, Pb, Fe, 

As), certain drugs (cyclosporine, tacrolimus, 

gentamycin, bleomycin), industrial solvents and 

cooking (smoked meat, used oil, fat).8 After entry into 

the body by various routes, these exogenous 

compounds are degraded or metabolized into free 

radicals. 

Iron has both beneficial and deleterious effects on 

the body. In moderate quantities and in protein bound 

form, it is an essential micro nutrient for growth and for 

all aerobic metabolic processes, but it is deleterious in 

unbound free form. Because of its property to alternate 

between ferrous and ferric states by varying the ligands 

with which it is associated, Iron can be both a strong 

biologic oxidant and a reducing agent.9 

Circulating form of free iron is toxic. There are two 

iron binding proteins in the human body namely 

Transferrin and Ferritin. These mop up the free iron and 

thus prevent the production of free radicals. Transferrin 

is a high affinity protein which is involved in the 

transport of free iron, whereas ferritin is involved in the 

storage of iron. Iron stored in the ferritin molecule is 

internalized within the shell of the molecule as non 

toxic Fe3+. In the presence of high levels of reduced 

ascorbic acid, it enters the ferritin protein shell and is 

involved in the conversion of Fe3+ to toxic Fe2+ which 

then escapes out of the ferritin shell leading to 

production of billions of free radicals. Ferritin protein is 

an acute phase reactant that increases sharply in the 

presence of inflammation of any type, whereas 

transferrin is a reverse acute phase reactant that 

decreases in the presence of inflammation of any type.10 

Ascorbic acid (vitamin C) is a water-soluble 

micronutrient required for multiple biological functions. 

In a variety of other functions, the role of ascorbic acid 

in cellular metabolism can be accounted for by its 

reducing properties to protect cellular components from 

oxidative damage.11 

Vitamin C (ascorbic acid (AA) is well known for 

its antioxidant properties. Consequently, many other 

multidimensional aspects of this element are 

underestimated or even overlooked. In the present 

paper, we have tried to bring to the foreground some of 

these aspects, including the pro-oxidant property.12 

Pro-oxidant effect of Vitamin C: Paradoxically, 

ascorbic acid is also known to act as a pro-oxidant in 

vitro. Mixtures of ascorbic acid and copper or iron have 

been used for decades to induce oxidative modifications 

of lipids, proteins and DNA.13 Ascorbic acid may 

contribute to oxidative damage formation by reducing 

ferric Fe3+ to ferrous Fe2+ ions (and Cu2+ to Cu+), 

which in turn can reduce hydrogen peroxide (H2O2) to 

hydroxyl radicals. However, in general these vitamin C-

mediated Fenton reactions should be controlled in the 

human body due to efficient iron sequestration by metal 

binding proteins such as ferritin and transferrin. 

Consequently, it has been argued that the proxidant 

effect may not be relevant in vivo.14 Nevertheless, 

vitamin C supplements have not been recommended in 

people with high iron levels or in pathological 

conditions associated with iron overload such as 

thallesemia or hemochromatosis.15 Indeed, a 

mechanism has been provided by which vitamin C 

induces the decomposition of lipid hydro peroxides to 

genotoxic bi functional electrophiles in vitro without 

the need for free transition metal ions.16 

Paradoxically, in vitro L-ascorbic acid can also 

promote the generation of reactive oxygen species (OH, 

O2-, H2O2, and Fe3+ ion) in the presence of free Fe3+ 

or Cu2+. This pro-oxidant activity derives from the 

ability of L-ascorbic acid to reduce Fe3+ or Cu2+ to 

Fe2+ or Cu+, respectively, and to reduce O2 to O2 - 

and H2O2.17 However, after summarizing the results of 

in vivo studies that assessed the oxidation of LDL, 

lipids and proteins, no pro-oxidant activity contributed 

to L - ascorbic acid was evident.18 

L-ascorbic acid reduces Fe3+ to Fe2+ from non-

heme iron sources and thus enhances iron absorption.19 

In the presence of redox-active iron, L-ascorbic acid 

acts as a pro-oxidant in vitro and might contribute to the 

formation of hydroxyl radicals, which eventually may 

lead to lipid, DNA or protein oxidation.20 

 

Materials and Methods 
The study was conducted in the department of 

Biochemistry and department of Internal Medicine, 

BMCH and RC Chitradurga from January 2013 to 

December 2014. After taking due clearance from the 

Ethics committee; a written informed consent was 

obtained from all participants in this study. A total of 

100 patients with type 2 diabetes mellitus were selected 

from the institute’s Internal Medicine department. The 

diagnosis of type 2 diabetes mellitus was confirmed by 

glycosylated hemoglobin (>7). Hundred age and sex 

matched apparently healthy individuals with normal 

plasma glucose and with no symptoms suggestive of 

diabetes mellitus were taken as controls. Fasting plasma 

glucose was determined by using commercially 

available reagents in automated analyzer 21The 

estimation of glycosylated hemoglobin was done by 

cation exchange resin method, RBC membrane were 

prepared by Dodge et al,22 protein content by Lowry et 

al,23 protein carbonyl estimation was done by Levine et 

al24 method and protein thiols by Habeeb AFSA 

Method.25 

Data from both groups were tabulated in Microsoft 

Excel 2007 and statistical analysis of data was 

performed using SPSS (Version 20.0). Chi-square and 

Fisher Exact test has been used to find the significance 
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of protein, protein carbonyl and protein thiols between 

cases and controls. 

 

Results 
The random serum glucose, glycated hemoglobin, 

the RBC membrane protein content, protein carbonyl 

content, protein thiols and MDA were estimated in all 

type 2 DM cases and controls treated with iron –

ascorbate (proxidant) in vitro.  

Results showed that the mean levels of protein 

content, protein thiols were decreased; protein carbonyl 

and MDA were increased in type 2 DM cases in 

comparison with controls.  

There was similarity in the results between levels 

of protein content (4.56±0.19), protein carbonyl 

(1.20±0.08), protein thiol levels (1.42±0.10) and MDA 

(4.23±0.21) among diabetics in comparison to protein 

content (4.28±0.14), protein carbonyl (1.39±.0.097), 

protein thiols (1.04±0.05) and MDA (4.75±0.81) in 

controls treated with Iron Ascorbate a pro-oxidant 

mixture. 

 

 

Table 1: Comparison of study variables in type 2 diabetic cases and control with controls with iron ascorbate 

Variables Controls 

 

Cases Controls with Iron 

Ascorbate 

P value 

PROTEIN (mg/ml) 5.40±0.31 4.56±0.19 4.28±0.14 <0.001** 

PROTEIN CARBONYL (nmols 

/mg of protein) 

0.90±0.06 1.20±0.08 1.39±.0.097 <0.001** 

PROTEIN THIOLS 

 (nmols /mg of protein) 

2.12±0.12 1.42±0.10 1.04±0.05 <0.001** 

MDA 3.28±0.19 4.23±0.21 4.75±0.81 <0.001** 

Significantly more with P=<0.001** 

 

Discussion 
Definitive evidence suggest that free radicals are 

linked to oxidative stress and are involved in the 

aetiopathogenesis of severe disorders such as diabetic 

retinopathy, diabetic nephropathy bronchopulmonary 

dysplasia, intraventricular hemorrhage, and hypoxic-

ischemic encephalopathy.26 

In these oxidative stress-related pathologies, iron is 

release from iron stores and may cause cell damage by 

lipid and protein peroxidation.27 Heavy metals (Cd, Hg, 

Pb, As) and transition metals (Fe, Cu, Co, Cr) are 

involved in the aetiopathogenesis of nephropathy and 

carcinogenicity by inducing generation of significant 

quantities of free radicals.28, 29 

Ascorbic acid normally reduces free toxic iron, 

which can auto-oxidize to produce superoxide, but may 

promote lipid peroxidation when the concentration is 

insufficient to keep all the iron reduced. Ascorbate 

plays an important role in protecting cells against 

oxidative stress. Paradoxically, in the presence of 

Fe3+ or Cu2+, ascorbate can trigger the production of the 

same reactive oxygen species (OH, O2−, H2O2, and 

ferrous ion) it is known to destroy. The ability of 

ascorbate to reduce Fe3+ or Cu2+ to Fe2+ or Cu+, 

respectively, and to reduce O2 to O2− and H2O2accounts 

for its pro oxidant property.30 

 

Conclusion 
The present study suggested excess free radicals 

are generated due to hyperglycemia and its associated 

metabolic syndromes, it is also seen that similar results 

are observed when a combination of iron-ascorbate 

(pro-oxidant) is used. Therefore our study validates the 

membrane damage caused by free radicals in vivo due 

to diabetes mellitus and similar results when RBC 

membranes are treated with pro-oxidant in vitro. 
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