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Abstract: All around the world diabetes mellitus is the most common disease responsible for large number of
deaths. Sugar level fluctuations may result to several serious complications like diabetic retinopathy (16.66%),
neuropathy  (24.66%),  kidney  problems  (21.1%),  foot  ulcers (5.5%) and cardiovascular problems (23.6%).
There is a continual quest for recent and best medication which may upgrade or enhance the condition of life
of diabetic patients. Newly, the role of free radical and oxidative stress has been determined in pathogenesis
of diabetic complications such as diabetic neuropathy (DN). In this current work, we are trying to explore the
different biochemical processes through which excess production of free radical may result in diabetic
neuropathy. Various antioxidants studied in different diabetic human models and animal are assembled here for
better understanding. Additionally, this review will guide the viewer to determine their future directions in
remissions of diabetic neuropathy.
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INTRODUCTION arthritis [8,9]. Few studies by researcher supports that

Globally, diabetes is one of the major cause of occurrence and development of diabetic mellitus [10,11]
disability and deaths [1]. In the upcoming years, it has which further results in nephropathy, retinopathy and
been estimated that occurrence of diabetes may hike from neuropathy [12].
6 to 10% [2]. WHO found that 2.8% of globe population Diabetic neuropathy is known as a disorder of
(i.e. 171 million people) are suffering from  diabetes  and nerves found in diabetic patients. In diabetic neuropathy
till 2030, 4.4% of globe population (i.e.366 million people) nerves of peripheral nervous system are usually damaged.
are predicated to be affected [3]. Diabetes is a metabolic It is found that 60-70% of diabetic patients suffer from
aliment, distinguished by enhance blood sugar level neuropathy whereas, 11-32% of this patients experiences
which is due to lack of sufficient production of  insulin painful symptoms [13]. The pathogenesis of diabetic
and its usage by the blood/ cells. Additionally, this/it neuropathy are still been researched by many scientists.
causes impaired functioning in lipid, carbohydrate and Also, neuropathy is thought to be aggravated by
protein metabolism   resulting  in  chronic  complication ischemia, metabolic factors and chemical alteration in
[4, 5]. Unrestrained hyperglycemia generates chronic nerves. High  blood  concentration has been associated
dysfunction in several tissues and distinct complications to intensify the risk of diabetic neuropathy and various
in various organs for example, atherosclerosis in blood different theories have been proposed as to why this
vessels, myocardial infarction in heart, diabetic occurs. In diabetic state the level of serum advanced
retinopathy  in  eyes, diabetic nephropathy in kidney [5-7] glucation  end  products  (AGEs) has been observed.
and neuropathy in nerves. AGEs is formed when leftover blood glucose combines

Various  investigation  have been done determining with amino acid to form early reversible glycation
the relation between oxidative stress and several different products. Afterward, irreversible advanced glycation end
kinds of disorders like diabetes, cardiovascular disease, products are formed. AEGs are found to injury blood
cancer, post ischemic organ injury and rheumatoid vessels  due  to  increasing   blood   coagulation,  vascular

oxidative stress are/is one of the major reasons for the
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Fig. 1: General pathway of diabetic-induced neurovascular damage in diabetic neuropathy

Fig. 2: Types of diabetic neuropathy

permeability and effects on collagen [14]. Excessive metabolism which further contribute to nerve damage [15].
activation of polyol pathway raises the level of reactive Reduced nerve blood flow or nerve ischemia is also
oxygen molecules and sorbitol and decreases the level of involved in development of diabetic neuropathy. Lastly,
glutathione and nitric oxide. Over flow of sorbitol and in diabetic state, nerve fibre repair mechanism is impaired.
anyone of these elements leads to problems in cell Neurotropic  and nerve growth factors are down-regulated
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in diabetes, which contributes to decreased ability to SuperoxideProduction in Diabetic State and Development
repair damaged nerves (Fig. 1). Common conditions of Diabetic Neuropathy: Various in-vitro and animal
associated with diabetic neuropathy include experiments done in last 25 years implicated four major
mononeuropathy, third nerve palsy, diabetic amyotrophy, pathways (Fig. 3) for glucose metabolism and generation
mononeuropathy multiplex, autonomic neuropathy, of reactive oxygen species [16]. They are 1) increases
thoracoabdominal neuropathy and painful hexosamine pathway 2) Activation of PKC and then
polyneuropathy (Fig. 2). Diabetic neuropathy affects all further initiating a cascade of stress response 3) Glycation
peripheral nerves including motor nerves, autonomic of proteins non-enzymatically and yielding advanced
nervous system and pain fibres. Patient may have glycation end-products (AGEs) 4) polyol pathway
autonomic and sensorimotor neuropathy and other activation leading to fructose and sorbitol accumulation,
combination. Symptoms may vary depending on the nerve NADPH oxidase pathway imbalances and changes in
and gradually develop over years. Common symptoms signal transduction [16-19]. Each pathway is disturbed
include dysesthesia, erectile dysfunction, diarrhoea, through direct or in-direct consequence of hyperglycemia-
vision changes, muscle weakness, dizziness, anorgasmia, mediated superoxide overproduction by the mitochondrial
speech impairment etc. electron transport chain. Either suppression of superoxide

This review deals with causes of diabetic neuropathy deposition or euglycemia accumulates the vascular and
and role of antioxidants in the prevention of this disease. metabolic imbalance and further hinders both the initiation

Fig. 3: Mechanisms of the degeneration of nerves in diabetic state and involvement of free radicals i.e. reactive oxygen
species (ROS) formation



Advan. Biol. Res., 10 (1): 43-50, 2016

46

and progression of complications [16, 18, 20]. In diabetic tetrahydrobiopterin [27, 28]. The generation of SO in place
patient, unchecked superoxide accumulation and further of NO results due to the ability of iNOS reductase domain
up-regulation in AGE accumulation, polyol pathway to convert into oxygenase domain in other words
activity, hexasamine flux activation and PKC activity molecular oxygen in place of L-arginine [29, 30] resulting
trigger a feed-forward for progression of cellular in deficiency of tetrahydrobiopterin.
dysfunction. In nerves, this convergence of vascular and In diabetic state, peroxynitrite exposure generates
metabolic disturbances results to loss of neurotropic uncoupling state of eNOS through deplection of enzyme
support and impaired neural function and when untreated of zinc which favours the superoxide overproduction [31].
for long term produces apoptosis of Schwann cells and In hyperglycemia state, SO production increases by three
neurons [21-23]. Decrement in neurotropin-3 (NT-3), nerve times along with the increment of NO production [30].
growth factor (NGF), IGF-1 and ciliary neurotropic factor Increment in NO production metabolize L-arginine to get
in nerves of experimental animal model with diabetes are NO through an enzyme called NOS which is having 3
well correlated and documented with the presence of isoforms named as b NOS, c NOS, i NOS [32].
neuropathy [24-26]. Hyperglycemia state like conditions are majorly

Through four major pathways diabetic state produces responsible for initiation of i NOS from different stimuli
impaired axonal transport, neurotropism and gene [33] whereas free radical production from mitochondria is
expression 1) excess glucose is distract away from able to supresses e NOS, although NO is also been
glycolysis by polyol pathway that suppresses NADPH produced by body through other pathways [34]. In
and cellular antioxidant property. 2) Glucose form AGEs diabetic state NO availability suppresses by quenching
after oxidation that alter extracellular matrix and produces free superoxide which leads in decreased action of
ROS intermediates and further altering intracellular protein vasodilator system involved in general haemostasis of the
function. 3) PKC becomes activated indirectly by second vasculature [35, 36]. Peroxynitrite anion is found to be
messenger and directly by glycolytic intermediates and carcinogen as it can oxidase protein sulfhydryl group
further increment in inflammation of vascular disease and which starts lipid peroxidation and hindrances signal
oxidative stress. 4) Partial glycolysis causes deposition of transduction pathway [37]. Presence of nitrotyrosine may
glycolytic intermediates and further results to escape of be directly related to the generation of peroxynitrite [38].
fructose-6-phosphate along with hexosamine pathway In hyperglycemia, raised level of nitrotyrosine has been
that raises inflammation in nerves and further generation found in many experiments conducted in various studies
of ROS occurs. These processes are finally linked to [39], for example, in hyperglycemia state, nitrotyrosine
superoxide generation through increased glucose formation has been observed in monkeys’ arteries wall
respiration that produces free radicals in mitochondria and [40, 41]. Imbalance of NO and SO production via i NOS
activates the superoxide, producing glutathione overexpression leads to deposition of nitrotyrosine in
disulphide, NADPH oxidase and tricarboxylic acid cycle perfused heart of experimental rats [42]. Nitrotyrosine
& TCA. accumulation results in endothelial disturbance in

Superoxide, Nitric Oxide, Nitrotyrosine and indicating that endothelial cells are directly affected by
Peroxynitrite  Formation  in  Diabetic  Complications: nitrotyrosine [43]. Peroxynitrite initiation activates DNA
The foremost step for endothelial impairment of diabetes single strand breakage by nuclear enzymes DNA
is the increment in superoxide formation in hyperglycemia, polymerase. The quick activation of polymerase leads to
which activates various pathways responsible for endothelial cell response to reactive oxygen species,
increased risk of diabetic complications. Overproduced increased glucose level and nitrogen species formation
superoxides and their effect on PKC play an important role [44].
in regulating the endothelial dysfunction. The important
role in regulating the endothelial dysfunction is the over The Relationship Between Oxidative Stress and
production  of  superoxide and its action on PKC. SO and Pathogenesis Pathways in Diabetes: The unified
NO formation produces favourable environment for hypothesis considers that high-blood glucose can cause
peroxynitrite generation; which is able to oxidize over-production of oxygen free radicals and activate
tetrahydro-bioprotein. Generation of SO along with NO different pathways responsible for diabetic complications.
productions creates positive condition for the generation Polyol pathway and oxidative stress: In diabetic state,
of peroxynitrite which further has ability to oxide the  action  of  aldose  reductase  (AR)   rises   and   polyol

coronaries of perfused heart and healthy volunteers
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pathway gets activated, which further turns extra generates transforming growth factor-2 and cell adhesion
intracellular glucose to sorbitol. Sorbitol converts itself molecules. Additionally, it inhibits the generation of NO
into fructose and its metabolites [45]. As per one study, synthase and raises the level of VEGF and plasminogen
excessive free radical suppresses activity of GAPDH in activator inhibitor-1. These alterations lead to increase of
hyperglycemia state which results in the accumulation of endothelial cell permeability, vascular occlusion and
6-phosphate glucose which activates polyol pathway. damage to tissues. Also, by activation of PKC the activity
The  rise  of AR catalyse oxidative glutathione (GSSH) of NADPH oxidase and NF-KB increases thereby
inhibits glutathione reductase (GSR) to reductive increasing the inflammation of gene expression and finally
glutathione (GSH) which overall, suppresses major leading to oxidative stress [52]. 
intracellular antioxidant GSH [46]. It can aggravate the
oxidative stress, additionally; reduction of GSH and “Antioxidant Supplementation” A New Therapeutic
NADPH occurs due to over-activation of polyol pathway Approach For Diabetic Neuropathy: The above pathways
which raises susceptibility of the nerve cells against free suggest that hyperglycemia states are responsible for the
radical  damage.  Deposition of intracellular sorbitol raises generation of oxidative stress. When imbalance between
the osmotic pressure of the nerve cells and further the production of oxidant and oxidant scavengers
promotes oxidative stress, causing necrosis, swelling and happens nerve dysfunction occurs in diabetic
degeneration of neuron. neuropathy. Few examples of antioxidants are as follows:

AEG Pathways and Oxidative Stress: Through AEG Acetyl-L Carnitrine (LAC): Acetylated ester of l-
generation, reactive oxygen species or oxygen free carnitine or LAC has been studied in enhancing
radicals are produced. At cellular level, the toxic effects of neurophysiological factors and pain suppression. LAC
AGE is obtained by combination of specific receptor- has potential to be effective against diabetic neuropathy,
stimulation of intracellular signalling pathways, the but still needs to be validated in future studies.
receptors of advanced glycation end product (RAGE) that
promote oxidative stress [47, 48]. Expression of RAGE is Vitamin-C: When in diabetic patient vit-C was
expressed by many cells such as mesangial cells, administrated, the results showed the decrement in micro
macrophagocytes, endothelial cells, which are closely albuminuria. It alters the intracellular erythrocyte sorbitol
related to diabetic micro vascular complications. level and decreases neuropathic pain.
Generation of free radical, nuclear DNA degradation and
caspase-3 activation by stimulation of -Carotene: -carotene is one of the members of
phosphatidylinositol-3-kinase  are  induced   by  RAGE. carotenoids and is also known as pro-vitamin as it
All these alterations interfere with protein synthesis in converts itself into vitamin A. It is an antioxidant mainly
nerve cell, resulting to axonal degeneration and atrophy, found in algae and plants. Reactive oxidative species have
leading to functional and structural changes of nerve cells been found to decrease after the treatment of -carotene.
[49].

Hexosamine Pathway: In tissues, hexosamine pathway is neurological damage caused by hyperglycemia. Various
one of the body’s normal sugar metabolic pathways. animal models have confirmed the effect of vit-E in
About 1 to 3% of glucose enters through this pathway reduction of glycaemia and its neuro-protective effect.
[50, 51]. Generation of free radical by hyperglycemia Additionally, vit-E has also bright future in reaching stage
inhibits activity of GAPDH, leading to the deposition of 3 of clinical trials.
oxidized metabolites.

Alpha Lipoic Acid (ALA): ALA is a short fatty acid chain
PKC Pathway and Oxidative Stress: PKC is a threonine/ and an important co-factor for various enzymes
serine protein kinase, which is among the centre of complexes. It is an effective antioxidant when given
various intracellular signalling pathways and produces externally. In several animal studies ALA has been proved
important physiological functions. Generation of free to prevent or reverse diabetic induced nerve dysfunction
radical inhibits the activity of GADPH in diabetic state, via free radical production. ALA increases endoneurial
leading to increase conversion of dihydrogen acetone glucose uptake, improves conduction in the peripheral
phosphate (DHAP) to diacylglycerol (DAG) and further nerves fibres and blood flow in nerves of diabetic
activating PKC pathway. Stimulation of PKC pathway peripheral neuropathy model.

Vitamin-E: Vitamin E has the potential of reducing
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CONCLUSIONS 10. Faramawy, S.M. and R.A. Rizk, 2011.

Several experiments have been conducted in last few liposomes, J. Am. Sci., 7: 363-9.
decades and it has been shown that oxidative stress plays 11. Niedowicz, D. and D. Daleke, 2005. The role of
an important role in development of diabetic neuropathy. oxidative stress in diabetic complications, Cell
Preventive therapy is better than curative therapy and so Biochem Biophys, 43: 289-330.
in case of diabetic neuropathy complications antioxidants 12. Phillips,    M.,     R.N.    Cataneo,    T.    Cheema   and
along with anti-diabetic drugs may provide better therapy J. Greenberg, 2004. Increased breath biomarkers of
as in comparison with other therapies. oxidative stress in diabetes mellitus, Clin Chim Acta,
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