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IntRoduCtIon
Diabetes is a metabolic disorder characterised by elevated blood 
sugar that results from defects in insulin production and/or insulin 
action, and impaired function in the metabolism of carbohydrates, 
lipids and proteins which leads to macro and microvascular 
complications [1]. There are emerging evidences that oxidative stress 
makes significant contribution to the progression of diabetes and its 
associated complications. Type 1 diabetes is a chronic illness, usually 
caused by an autoimmune destruction of insulin-producing β-cells 
in the islets of the pancreas. As a consequence, the body produces 
none to very little insulin resulting in a relative or absolute deficiency 
of insulin. T2DM also referred as Non-Insulin Dependent Diabetes 
Mellitus (NIDDM) or adult-onset diabetes, includes patients who 
have insulin resistance and usually have relative insulin deficiency 
[2]. However, these patients do not need insulin administration for 
their treatment and survival of the patient. Majority of the patients 
with T2DM are obese, and obesity itself further contributes to 
insulin resistance to some extent. The non-obese individuals with 
T2DM may have an increased percentage of body fat distributed 
predominantly in the abdominal region. According to American 
Diabetes Association (ADA), T2DM accounts for ~90-95 % of all 
diabetes mellitus patients worldwide [3]. T2DM goes undiagnosed 
for many years because hyperglycaemia related complications 
develop slowly. The risk of developing T2DM increases with age, 
obesity, physical inactivity, family history of diabetes, ethnicity 
and hyperglycaemia during pregnancy [4]. It is often related with 
stronger genetic predisposition as compared to the autoimmune 
form of type 1 diabetes.

diabetes Mellitus in Indian Population
Diabetes is a global issue that kills and disables people at their 
most productive age or reduces their life expectancy. It is among 
the top 10 causes of death globally. Diabetes is a common threat 
and no country is immune to it. Diabetes mellitus is reaching an 
epidemic proportion in India. Diabetes is being implicated to a 
spectrum of complications and has shown a tendency to occur 
at a relatively younger age. The steady migration of people from 

rural to urban areas, the economic boom, and sedentary lifestyle 
are some of the major factors associated with increasing incidence 
of T2DM in India [5]. A recent study conducted by Indian Council 
of Medical Research (ICMR) to estimate the nationwide prevalence 
of diabetes in both urban and rural areas included three states and 
one Union Territory in the first phase. In this study, around 13000 
subjects were studied with equal representation of the rural and 
urban population. The outcome of study projected national estimate 
of 62.4 million patients with diabetes and 77.2 million with pre-
diabetes. The prevalence of diabetes was reported ranging from 
5.3% to 13.6% in different areas. The highest prevalence was 
reported in Ernakulum in Kerala (19.5%) and the lowest in Kashmir 
valley (6.1%), while most of the other areas had the prevalence rate 
above 10% [6]. Indians appear to be at higher risk of development 
of diabetes. Apart from the conventional risk factors driven by 
urbanisation, industrialization, globalisation and aging, other 
factors such as obesity, regional adiposity, higher percentage of 
body fat and genetic factors also contribute to the cause. Urban 
migration has been linked to the increasing prevalence of diabetes 
in Indians [5]. Urban migrants have higher weight, Waist-Hip Ratio 
(WHR), Body Mass Index (BMI), Systolic Blood Pressure (SBP), 
cholesterol, HOMA-IR, fat intake and comparatively low physical 
activity. Diabetes and its complications pose a significant economic 
burden on countries, healthcare systems, society, individuals and 
their families. International Diabetes Federation (IDF) estimated that 
in year 2017, the total healthcare expenditure on diabetes would 
have been USD 727 billion (20-79 years), which represents an 8% 
increase compared to the 2015 estimates [7].

Genetics and Molecular Mechanism of t2dM
The genetics of T2DM is complex and not clearly defined. Insulin 
resistance is an important factor in T2DM that develops at several 
levels, with decreased receptor concentration and kinase activity, 
defect in phosphorylation of insulin receptor substrate-1& 2 (IRS-1 
& 2), Phosphatidylinositide Kinase (PI-3-k) activity, translocation 
of Glucose Transporter-4 (GLUT 4) and the activity of intracellular 
enzymes [8]. Insulin binds to its receptors on adipocytes and 
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ABStRACt
Oxidative stress is one of the factors that lead to Type 2 Diabetes Mellitus (T2DM), a serious and a fast growing health problem 
worldwide. Numerous studies report that the pancreatic β-cells play an important role in T2DM progression but the underlying 
molecular mechanism has not been fully deciphered. The biochemical changes in diabetes mellitus lead to disturbance in oxidative 
milieu which in turn leads to several macro and microvascular complications in patients. Diabetes mellitus represents an ideal 
disease to study the adverse effects of oxidative stress and its treatment. The literature search performed using the terms: 
diabetes mellitus, the effect of oxidative stress on β-cells, role of oxidative stress in diabetes mellitus and antioxidant therapy 
based randomised human clinical trial have been reviewed. The present review is a brief account of the different characteristics 
of oxidative stress in diabetes and proposes their probable clarifications. The review also highlights the beneficial effects of anti-
oxidant therapy in diabetic patients by elimination of the excess reactive oxygen species efficiently and summarises the present 
knowledge on the role of oxidative changes in diabetes mellitus and their effect on β-cell function that may help in development of 
new therapeutic strategies for this disease.
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lipid peroxidation: Lipids are reported to be one of the primary 
targets of ROS and peroxidation of lipids produces highly 
reactive aldehydes, including malondialdehyde (MDA), acrolein, 
4-Hydroxynonenal (HNE), 4-Oxononenal (ONE), and isolevuglandins 
[18]. Significant alterations in lipid metabolism and structure have 
been reported in diabetes. The rise in lipid peroxidation is also a 
sign of weakening of defense mechanisms against enzymatic and 
non-enzymatic antioxidants. Hyperglycaemia is closely related to 
elevated lipid peroxidation, oxidative stress in diabetes mellitus 
and diabetes-induced secondary chronic complications including 
atherosclerosis and neural disorders [19].

Protein oxidation: Proteins are vital biomolecules of the cell and 
are involved in majority of the physiological functions including cell 
signaling and transport across the cell membrane. Proteins are 
potential target of ROS and their structure and function can be 
affected by modification. Carbonyl proteins are the potent biomarker 
of oxidative stress and their elevated levels have been recorded 
in different cells and plasma of diabetic patients [20]. Advanced 
Oxidation Protein Products (AOPPs) are formed by reactions 
between plasma proteins and chlorinated oxidants. However, further 
studies are required to investigate their role as potential marker of 
protein oxidation during oxidative stress [21].

effect of oxidative stress on β-cells death and dysfunction: The 
β-cells are essential for glucose homeostasis due to their ability to 
secrete insulin in response to nutrient uptake. These are among the 
most metabolically active tissues of the body that rely on oxidative 
phosphorylation for the generation of ATP and therefore plays an 
important role in insulin synthesis and secretion. ATP is synthesised 
by ATP synthase in mitochondria through coupling of the 
electrochemical H+ gradient to the oxidative phosphorylation of fuel 
(glucose or fatty acids). Glucose metabolism in β-cells leads to an 
elevated intracellular ATP:ADP ratio, which closes the ATP-sensitive 
K+ (KATP) channels, resulting in depolarization of the cell membrane 
that activates voltage-dependent Ca2+ channels, leading to Ca2+ 
entry and insulin release from the β-cells through exocytosis [22,23]. 
Aerobic cells produce ROS such as superoxide (O2-) and H2O2 
during oxidative phosphorylation in mitochondria as by-products 
[24]. When ATP levels are appropriate in the cells, an uncoupling 
process dissipates the electrochemical H+ gradient, which plays 
an important role in reducing the level of ROS [25]. Uncoupling 

skeletal muscle cells and increases the uptake of glucose from 
blood by stimulating the translocation of the cytosolic GLUT 4 to 
plasma membrane [9].

oxidative Stress in diabetes Mellitus
The relationship between oxidative stress and diabetes mellitus 
is shown in [Table/Fig-1]. Free radicals are short-lived reactive 
chemical species containing one or more unpaired electrons 
that induce damage to cells by oxidation of cell components and 
molecules [10]. These are usually very unstable reactive species 
and are said to be a necessary evil, as they play a cardinal role 
in origin and evolution of life. Free radicals are produced by 
both exogenous and endogenous substances in cells and their 
surroundings by non-enzymatic oxidation reactions of organic 
compounds and by reaction initiated by ionising radiations. 
This process may also occur in mitochondrion by oxidative 
phosphorylation [11]. Oxidative stress plays a key role in cellular 
injury. Hyperglycaemia can stimulate free radical production. When 
defense system of the body becomes impaired, it is unable to 
neutralise the Reactive Oxygen Species (ROS) generation resulting 
in an imbalance between ROS and cellular protection mechanism 
which leads to oxidative stress. Any imbalance between ROS and 
antioxidants is deleterious to health. ROS are also produced by 
neutrophils and macrophages during the process of respiratory 
burst in order to neutralise antigens [12]. Free radicals trigger the 
signaling pathways inside the cell, such as the Mitogen-Activated 
Protein Kinase (MAPK) and Extracellular-Signal-Regulated Kinase 
(ERK) pathways that alter gene expression, as well as promote 
Superoxide Dismutase (SOD) mediated cell death. They were 
mechanistically related to diminished insulin-dependent stimulation 
of insulin signaling elements and glucose transport activity that 
lead to insulin resistance [13]. In diabetes, ROS formed by non-
enzymatic glycation of proteins, glucose oxidation, and increased 
lipid peroxidation lead to damage of enzymes, cellular machinery 
and also augment insulin resistance due to oxidative stress 
[14]. Evidences have emerged suggesting that oxidative stress 
plays a decisive role in systemic inflammation that contributes 
to the pathophysiology of several macro and micro vascular 
complications [15]. Diabetes mellitus significantly changes the 
lipid profile and makes cells more susceptible to lipid peroxidation. 
Literature suggests that oxidised Lipoproteins (Ox-LDL) contribute 
to the cardiovascular complications in diabetes and LDL oxidation 
in diabetic patients is significantly increased as compared to 
corresponding controls. The lipids and apolipoprotein component 
of LDL form insoluble aggregates oxidatively that are responsible 
for oxidative damage in diabetic complications. Free radicals 
also have a role in stimulating signals for increased expression of 
antioxidant enzymes [11]. Hyperglycaemia causes tissue damage 
via multiple mechanisms including formation of Advanced Glycation 
End products (AGEs), augmented expression of the receptor for 
AGEs and their activating ligands, activation of protein kinase-C 
isoforms, and increased activity of the hexosamine pathway [16]. 
Free radicals play a major role in the onset and progression of 
late diabetic complications due to their ability to damage lipids, 
proteins, and DNA. The disturbance in levels of oxidative markers 
makes the tissues more susceptible to oxidative stress leading 
to the development of diabetic complications. Oxidative stress 
induced complications in diabetes mellitus include coronary 
artery disease, neuropathy, nephropathy, retinopathy, and stroke. 
Moreover, diabetic mortalities can be elucidated particularly by an 
increase in vascular disease other than hyperglycaemia [17].

oxidative Stress Induced Changes in diabetes
In diabetes mellitus, oxidative stress adversely affects the cellular 
physiology and is predominantly relevant and dangerous for the islet 
of pancreas.

[table/Fig-1]: Hypothetical scheme of the relationship between oxidative stress 
and diabetic complications. In diabetes, augmented auto-oxidation of glucose 
and the increased formation of Advanced Glycation End products (AGE) produce 
reactive oxygen species. The elevated flux of glucose through the first half of the 
polyol pathway consumes NADPH. This impairs the glutathione redox cycle so that 
antioxidant protection is reduced. These changes lead to endothelial dysfunction 
which is a key element in the progression of diabetic complications.
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Proteins (UCP) play a physiological role in thermoregulation of the 
body. Activation of uncoupling proteins leads to inhibition of ATP 
synthesis and ATP mediated release of insulin from the β-cells of 
the pancreas. There are five UCP homologues present in mammals 
namely, UCP1, UCP2, UCP3, UCP4 and UCP5. UCP1 is expressed 
in brown adipose tissue. UCP2 is found in tissues including heart, 
kidney, liver, brain, pancreas and white adipose tissue while UCP3 
is expressed in skeletal muscles and brown fat cells. However, the 
function and regulation of these UCPs remain unclear. Specifically, 
UCP2 appears to play a role in the regulation of ROS production, 
inflammation, cell proliferation and death of β-cells of the pancreas 
[26]. Moreover, common causes of ROS generation in β-cells are 
hyperglycaemia, hyperlipidemia, hypoxia and endoplasmic stress. 
Besides, β-cells contain only 50% of the SOD and 5% of H2O2 
scavenging enzymes as compared to liver cells. Thus, β-cells are 
highly susceptible to oxidative damage. UCP2 expression negatively 
regulates the insulin secretion due to its uncoupling activity which 
reduces mitochondrial ATP synthesis. Acute exposure of β-cells to 
high concentrations of glucose and free fatty acids stimulates insulin 
secretion, whereas chronic exposure results in desensitisation and 
suppression of insulin secretion [27] [Table/Fig-2].

various complications such as: neuropathy (33.6%), cardiovascular 
(23.6%), renal (21.1%), eye (16.6%) and foot ulcer (5.1%) [31].

Cardiovascular disease: There are ample evidences to show 
that patients with diabetes mellitus are at high risk for several 
Cardiovascular Disorders (CVDs). CVDs are the leading causes 
of diabetes-related morbidity and mortality [32]. Diabetes mellitus 
patients have elevated triglycerides, low HDL cholesterol and 
abnormalities in the structure of lipoprotein particles. The LDL 
cholesterol is predominantly present in small, dense form in 
diabetic patients and are more atherogenic than the large dense 
LDL particles present in healthy subjects because these can more 
easily penetrate which increases their susceptibility to oxidation and 
attachment to the arterial walls. Oxidised LDL is pro-atherogenic as 
it is recognised by the immune system as ‘foreign’, and causes 
several abnormal biological responses such as attracting leukocytes 
to the intima of vessel, improving the ability of leukocytes to ingest 
lipids and their differentiation into foam cells, and stimulating the 
proliferation of leukocytes, endothelial cells, and smooth muscle 
cells [33]. These episodes instigate the formation of atherosclerotic 
plaque. In diabetic patients, LDL particles can also become glycated 
that increases the half-life of LDL particles and therefore, increases 
the ability of the LDL to promote atherogenesis. Dyslipidemia in 
diabetes promotes endothelial dysfunction and affects vasodilatory, 
anti-atherogenic, and anti-inflammatory properties of healthy 
endothelium and thus leads to atherosclerosis [32].

diabetic nephropathy: Diabetic nephropathy is a public health 
problem worldwide that affects millions of people. Diabetes is a 
leading cause of Chronic Kidney Disease (CKD). Approximately 43% of 
diabetes mellitus patients in the United States have microalbuminuria, 
a marker of progression of CKD [34]. Hyperglycaemia in diabetes 
mellitus causes progressive structural changes in mesangium, 
glomerular basement membrane, and tubulo-interstitial tissue 
of kidney and is considered as the driving factor for diabetic 
nephropathy. However, several other studies have demonstrated 
variability in the development of renal complications despite 
comparable hyperglycaemic control. The progression of diabetic 
nephropathy is complex and multifactorial [35]. Uncontrolled diabetes 
mellitus results in non-enzymatic interaction of glucose with amino 
acids, groups of proteins, lipoproteins, and nucleic acids that leads 
to the formation of Advanced Glycosylation End Products (AGE); 
which is associated with pathophysiology of diabetic nephropathy 
through mechanisms that are either receptor-dependent or receptor-
independent. It modifies basement membrane proteins, cross-
links extracellular components and increases expression of type IV 
collagen. These alterations lead to structural changes of the surface 
charge, membrane permeability, proteolytic digestion, and membrane 
stability and disrupt intercellular interactions. This leads to impairment 
of tissue function and maintenance [36]. AGEs interact with a wide 

[table/Fig-2]: Proposed theory for UCP2 activation in β-cells.

effect of oxidative stress on β-cell proliferation: The number 
of β-cells in pancreas is usually constant after birth but some 
evidences indicate that under certain physiological or pathological 
conditions such as pregnancy, obesity or diabetes, these can 
regenerate. Some studies suggest that ROS, to some extent could 
stimulate β-cell regeneration. Forkhead box class O family member 
proteins (FOXOs) are transcription factors that regulate the β-cell 
proliferation and differentiation. Due to the increased production of 
ROS in β-cell, FoxO1 forms a complex with transcription factor along 
with promyelocyticleukaemia protein (Pml) and the NAD-dependent 
deacetylase sirtuin-1 (SIRT1), which helps in β-cell proliferation 
resulting in attenuation of β-cell development [Table/Fig-3] [28]. 
Elevated plasma glucose is clearly associated with induction of 
oxidative stress [11]. Moreover, recent study has established that 
lowering of the glucose concentration also reversibly increases ROS 
production in pancreatic β-cells [29]. These observations suggest 
that the production of ROS is both necessary and at the same time 
possibly hazardous for normal β-cell function [30].

diabetic Complications
Elevated blood glucose levels over prolonged period of time in 
uncontrolled diabetes mellitus can lead to a number of short and 
long-term macro and microvascular complications. Hyperglycaemia-
induced oxidative stress in diabetic patients is the most explored 
hypotheses to explain the onset of complications. A study conducted 
in 2011 on 20,000 T2DM Indian patients showed the prevalence of 

[table/Fig-3]: Effect of oxidative stress on β-cell proliferation.



Kailash Chandra et al., Diabetes Mellitus and Oxidative Stress: A Co-relative and Therapeutic Approach www.jcdr.net

Journal of Clinical and Diagnostic Research. 2019 May, Vol-13(5): BE07-BE121010

array of receptors such as macrophage scavenger receptor type I and 
II, AGE-R1, AGE-R2, AGE-R3, Receptor for AGE (RAGE), and CD-36 
on various cell types. RAGE activation leads to activation of several 
signal transduction pathways that lead to the generation of ROS and 
instigation of transcription factors, such as NF-kappa B that leads to 
the release of cytokines and growth factors including Transforming 
Growth Factor-β1 (TGF-β1), interleukin-1β and interleukin-6, insulin-
like growth factor-1, Tumour Necrosis Factor (TNF-α), and platelet-
derived growth factor that activate many pro-inflammatory conditions 
[35,37].

diabetic neuropathy: A common complication of type 1 and type 
2 diabetes is neuropathic pain. Distal Symmetrical Polyneuropathy 
(DSPN) is the most common clinical form of diabetic neuropathy. 
DSPN affects toes and distal foot and is found in more than 90% 
of the diabetic patients [38]. Diabetic Neuropathic Pain (DNP) is 
characterised by continuous tingling, burning, sharp, shooting, and 
lancinating pain, which can substantially affect the quality of life of 
the patients [39]. The pathogenesis of DNP is not fully understood 
but several risk factors are known to be associated with DNP 
including hyperglycaemia, older age, longer diabetes duration, 
drinking alcohol and cigarette smoking [38].

diabetic retinopathy: Chronic hyperglycaemia in diabetes 
mellitus triggers the several signaling pathways, including protein 
kinase C, activation of polyol pathway, elevated AGEs etc., that 
eventually lead to the functional and structural impairment to retinal 
cells [40]. Diabetic retinopathy is the most common microvascular 
complication of diabetes [41]. Currently, diabetic retinopathy 
affects almost 100 million people worldwide and is set to become 

an ever-increasing health burden. It falls into two categories: the 
earlier stage of Non-Proliferative Diabetic Retinopathy (NPDR) and 
the advanced stage of Proliferative Diabetic Retinopathy (PDR). 
The clinical features in NPDR patients are microaneurysm, retinal 
haemorrhage and intraretinal microvascular abnormalities, while 
PDR is characterised by the hallmark feature of pathologic pre-
retinal neovascularization [42]. A major additional categorization 
in diabetic retinopathy is diabetic macular edema, which is an 
important manifestation that characterises the most common 
cause of vision loss in patients with diabetic retinopathy.

diabetic foot ulcers: Approximately 6% of people with diabetes 
are affected by foot disease, that includes infection, ulceration, or 
destruction of tissues of the foot [43]. It can damage patients’ quality 
of life and affect social participation and livelihood.

Oxidative stress as a therapeutic target for management of 
diabetes mellitus: Oxidative stress is associated with many diseases 
linked with metabolic or vascular disorders. Thus, diabetes represents 
an ideal candidate for studying the significance of oxidative stress and 
its implication as potential target for treatment of the disease. Inhibiting 
the free radical formation by antioxidants serves as a novel therapeutic 
strategy to reduce oxidative stress and prevent diabetes-related 
vascular complications. The therapeutic efficacy of antioxidants has 
been evaluated in several randomised controlled trials and the study 
outcomes are summarised in [Table/Fig-4] [44-61]. Many adjuvants 
with strong pharmacotherapy potential for diabetes management 
have been shown to possess antioxidant properties in addition to their 
primary pharmacological actions. The antioxidant properties of these 
agents may be the contributing factor for their therapeutic efficacy.

Study Study outcome reference

T2DM patients with symptomatic peripheral neuropathy (n=328) Alpha-lipoic acid was effective in reducing neuropathic symptoms. [44]

30-year follow-up survey (n=338) Inverse relationship between Vitamin C consumption and onset of T2DM. [45]

Diabetic patients were supplemented with alpha-tocopherol 
capsules (orally, 100 IU/d) or placebo (n=35)

Vitamin E supplementation significantly lowered lipid peroxidation and lipid levels in diabetic 
patients. 

[46]

T2DM patients infused with vitamin C (n=10) Endothelial dysfunction in T2DM patients improved. [47]

T2DM patients (n=74)
Oral administration of lipoic acid significantly increased insulin-mediated glucose uptake 
(Improved insulin sensitivity). 

[48]

Type 1 and Type 2 diabetic patients with symptomatic 
polyneuropathy (n=50)

Antioxidant thioctic acid has beneficial effect on several attributes of nerve conduction. [49]

T2DM patients were given vitamin C (1250 mg) and vitamin E 
(680 IU) per day or matching placebo (n=30)

Short-term treatment with vitamin C and E in pharmacological doses lowered the rate of 
albumin excretion in T2DM patients with micro/macroalbuminuria.

[50]

T2DM patients received alpha-tocopherol (200 mg/day) (n=98)
Alpha-tocopherol supplementation was beneficial in decreasing blood lipid peroxide 
concentrations.

[51]

Diabetes subjects were enrolled in treatment group [aspirin 
(100 mg/day) and vitamin E (300 mg/day)] and placebo group 
(n=1,031). 

No beneficial effects were reported in prevention of cardiovascular disease in diabetic 
patients. 

[52]

Diabetic subjects were randomised to receive vitamin C (1,000 
mg) and vitamin E (800 IU) daily or matching placebo (n=49)

Oral antioxidant therapy improved endothelium-dependent vasodilation in type 1 but not in 
type 2 diabetes.

[53]

T2DM patients received 1000 mg of vitamin C daily (n=84)
Showed beneficial effects in T2DM patients by decreasing blood glucose and lipids and thus 
reducing the risk of complications.

[54]

Diabetes mellitus patients were randomised to vitamin E (400 
U/day) or placebo (n=1434)

Reduced the cardiovascular events in individuals with diabetes mellitus. [55]

Adults aged 40 years or more with type 1 or type 2 diabetes 
were supplemented with tocopherol (n=1276)

Revealed no significant beneficial effects. [56]

Middle-aged male smokers received either vitamin E (50 U/day) 
or β-carotene (20 mg/day), or both, or placebo for a median of 
6.1 years (n=29,133)

At base line, 1700 men had type 2 diabetes, of which, 662 were diagnosed with first ever 
macrovascular complication, and 1142 died during the 19-year follow-up. Alpha-tocopherol 
or β-carotene supplementation has no protective effect on macrovascular outcomes or total 
mortality of diabetic male smokers. 

[57]

T2DM patients were supplemented with vitamin C (n=70)
Oral supplementation of vitamin C with metformin reverses ascorbic acid levels, reduces FBS, 
and improves HbA1c. 

[58]

Effects of vitamin C supplementation (1g/day) among diabetic 
patients (n=30)

Vitamin C was effective in improving hyperglycaemia and hyperlipidemia [59]

Newly diagnosed T2DM patients treated with vitamin C and 
vitamin E (n=34). 

Antioxidant therapy with vitamin C and vitamin E in addition to oral hypoglycaemic agent 
reduced oxidative stress in patients.

[60]

Patients with newly diagnosed type 2 diabetes and 
supplemented with vitamin C (n=90).

Vitamin C in a dose of 2g/day as an add on therapy to oral hypoglycaemic agent produced 
improvement in lipid profile to desirable levels and thus reducing the risk of diabetic 
complications

[61]

[table/Fig-4]: Summary of randomised controlled trial on antioxidant therapy in diabetes mellitus patients [44-61].
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ConCLuSIon
Free radical production in body is a continuous process as part of 
normal function. Though, excess free radical production instigating 
from endogenous or exogenous sources might play a role in onset of 
diabetes and its complications. Oxidative stress in diabetes causes 
over production of mitochondrial superoxide in endothelial cells of 
both large and small vessels, as well as in the myocardium and leads 
to many micro and macro-vascular complications. The inhibition 
and scavenging of reactive oxygen species and reactive nitrogen 
species formation offer novel therapeutic strategy for management 
of oxidative stress and prevention of subsequent pathologic 
complications associated with diabetes mellitus. Antioxidants 
play important role in neutralisation of free radicals and reduce the 
associated tissue damage by scavenging them and promote their 
decomposition. Therefore, supplementation of antioxidants may 
be a valuable strategy for controlling diabetes complications and 
enhancing antioxidant capacity. Despite the potential advantages 
of antioxidant pharmacotherapy, additional systematic randomised 
trial is required to explore and assess the efficacy and safety scores 
of the current therapeutic strategy. In future, more research into the 
pathophysiology of oxidative stress and well-planned antioxidant 
therapy, especially on mechanistic approach in diabetic patients will 
be the main target area of research to get any fruitful conclusion.
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