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ABSTRACT 
Diabetic neuropathy (DN) is a group of multifactorial disorder in diabetic patients, which affects neuronal function of the whole body and is accompanied by 
nephropathy and angiopathy. Its prevalence increases with duration of diabetes and hyperglycaemia which can induce oxidative stress resulting in activation of 
multiple pathways which can damage the neurons alone or in combination. Symptoms of DN are prominent early in type 2 than in type 1. Neuropathic pain 
which can occur continuously only in 20-30% of the patients, otherwise pain was not reported. The drugs available for DN were not able to cure the disease 
but provide only symptomatic relief and were also associated with major side effects. Current therapy provided in this review alleviates the symptoms in 
clinical trials and thus will be recommended in order to stop the progression of disease. Despite the recent understanding regarding the pathogenesis of disease, 
till date only two drugs were approved by FDA for DN, α-lipoic acid is available in several countries and epalrestat in Japan, which is also associated with side 
effects but they are tolerable.   
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INTRODUCTION  
Diabetes mellitus sometimes called “sugar diabetes”, affects 
an increasing percentage of our population each year1. 
Diabetic Neuropathies (DNs) are among the most frequent 
complications of diabetes mellitus. DNs are a heterogeneous 
group of conditions characterized by a progressive loss of 
nerve fiber function involving different components of the 
somatic and autonomic nervous systems. They can be focal 
or diffuse, proximal or distal. The prevalence of painful 
diabetic peripheral neuropathy (PDN) is about 20% in 
patients with type 2 diabetes and 5% in those with type 1. 
The progression of neuropathy is dependent on the degree of 
glycemic control in both Type 1 and Type 2 diabetes.  
Causative factors include persistent hyperglycemia, 
microvascular insufficiency, oxidative and nitrosative stress, 
defective neurotrophism, and autoimmune-mediated nerve 
destruction which may lead to pain2. Neuropathic pain which 
significantly decreases a person’s quality of life can be 
described as a sensation of paresthesia, numbness and 
burning that is caused by the sustained, abnormal processing 
of CNS neuronal input. The constant pain, which affects 16–
26% of people with diabetes, can lead to other health issues, 
such as constant fatigue, depression and anxiety which 
predominantly cause weakness, ataxia and incoordination 
predisposing to falls and fractures3. Over a period of years 
nerve damage caused by diabetes may lead to complications 
of the digestive tract and sexual organs, which can cause 
indigestion, diarrhea or constipation, dizziness, bladder 
infections and impotence4. The progression of neuropathy is 
also associated with potentially modifiable cardiovascular 
risk factors, including an elevated triglyceride level, a high 
body mass index and hypertension5. Currently, there is no 
cure for this pain. Treatment of neuropathy should therefore 
focus on to reduce macrovascular risk factors including 
hyperglycemia, blood pressure, and lipid control and lifestyle 
modifications including exercise and weight reduction, 
smoking cessation, a diet rich in omega-3 fatty acids, and 
avoidance of excess alcohol consumption6. Other known 
causes include genetic factors, damaging chemical agents 
such as chemotherapy drugs, and HIV. 

Despite advances in the understanding of the metabolic 
causes of neuropathy, treatments aimed at interrupting the 
pathological processes have been limited. Thus, with the 
exception of tight glucose control, treatments are for 
symptomatic relief, that is reducing pain and other symptoms. 
Diagnosis  
Asymptomatic DN is still capable of leading to increased 
morbidity and mortality. The major morbidity is foot 
ulceration, which can lead to gangrene and ultimately to limb 
loss. Globally, an amputation occurs every 30 seconds. Even 
after its wide prevalence, neither endocrinologists nor non-
endocrinologists have been trained to recognize the 
condition7 and even when patients are symptomatic, less than 
one-third of physicians recognize the cause or discuss this 
with their patients. A careful clinical examination is needed 
for the diagnosis because asymptomatic neuropathy is 
common8.The importance of the skin biopsy as a tool for 
diagnosing DPN is increasingly being recognized9-11. For 
quantifying neuropathic pain questionnaires or pain scales 
used are McGill Pain Questionnaire (frequently used), Brief 
Pain Inventory (BPI)12, The Neuropathic Pain Questionnaire 
(NPQ)13 and  the Neuropathic Pain Scale for monitoring the 
effects of therapy are some commonly used for diabetic 
neuropathy14. 
When patients present with the "burning foot or hand 
syndrome," evaluation of glucose tolerance and features of 
the metabolic syndrome such as waist circumference, plasma 
triglyceride and high-density lipoprotein cholesterol levels as 
well as blood pressure become mandatory. Therapeutic 
lifestyle changes15 and the use of topiramate16 can reverse 
this form of neuropathy and alleviate symptoms with nerve-
fiber regeneration 
 Initial Therapy Of Symptomatic Neuropathy 
1.   Exclude nondiabetic causes: 
Ø Malignant disease (e.g., bronchogenic carcinoma) 
Ø  Metabolic 
Ø Toxic (e.g., alcohol) 
Ø  Infective (e.g., HIV infection) 
Ø Iatrogenic (e.g., isoniazid, vinca alkaloids) 
Ø  Medication-related (chemotherapy, HIV treatment) 
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2.   Providing patients a full explanation of their condition, 
allaying their fears and  misconceptions, and informing them 
that the pain may resolve in time and information on practical 
measures, e.g., bed cradle to  lift bedclothes off of 
hyperaesthetic skin. 
3.   Assess level of blood glucose control and blood glucose 
profiles regularly. 
4. Before trying a systemic medication, some doctors 
recommend treating localized diabetic periperal neuropathy 
with lidocaine patches. 
Treatment Based On Pathogenic Mechanisms 
Various pathogenic pathways are responsible for diabetic 
neuropathy. They contribute to oxidative stress and 
sometimes one pathway can stimulate other pathway leading 
to further nerve damage causing diabetic neuropathy. 
Hyperglycemia is the main contributing factor to DN, so 
appropriate glycemic control is the main therapeutic pathway 
in order to treat DN. The pathways responsible for DN are 
polyol pathway, PKC pathway, AGE pathway, PARP 
pathway and hexosamine pathway. Agents acting on these 
pathogenic pathways will be able to prevent the further 
complications. Hyperglycemia induces an increased presence 
of markers of oxidative stress, such as superoxide and 
peroxynitrite ions, and that antioxidant defense moieties are 
reduced in patients with diabetic peripheral neuropathy17. 
Myo-ionositol level is decreased and nerve blood flow is also 
reduced in DN (Figure No. 1). 
Therapies known to produce symptomatic relief are therefore 
recommended. Therapies that are under investigation are as 
follows:- 
Ø Aldose Reductase (AR) inhibitors,  
Ø Antioxidants, 
Ø Advanced Glycation End product (AGE) inhibitors,   
Ø Protein Kinase C (PKC) inhibitors, and  
Ø Glycemic control with Insulin 
Ø Myoinositol  
Ø Agents increasing nerve blood flow 
Aldose Reductase Inhibitors 
Aldose reductase inhibitors reduce the flux of glucose 
through the polyol pathway, inhibiting tissue accumulation of 
sorbitol and fructose. Increases in sorbitol concentrations 
result in cellular and organ injury18. Additionally, excessive 
accumulations of sorbitol results in the decrease of myo-
inositol in the peripheral nerves. When myo-inositol is 
decreased, there is a resulting decrease in Na+,K+-ATPase 
activity, which is essential for nerve conduction. As a result 
of the increased polyol pathway activity and the 
overutilization of NADPH by the enzyme aldose reductase, a 
number of other homeostatic mechanisms are compromised. 
NADPH depletion results in decreased nitric oxide (NO) and 
reduced glutathione production. Decreased in NO may lead to 
decreased vasodilation while decreased glutathione results in 
increased reactive oxygen species, leading to impaired 
endothelial cell function19. 
There exists a variety of structurally diverse aldose reductase 
inhibitors (ARIs) (Table 1). These compounds can be 
divided into two general classes, those containing a 
carboxylic acid moiety and those having a cyclic imide 
represented by a spirohydantion or related ring system. 
Recently, arylsulphonylnitromethanes have emerged as a new 
class. At present, only epalrestat is effective and is taken 
orally in a dose of 50 mg three times daily before meals20.  
(Table 2 and 3) 
At the present time, although the preliminary data for these 
agents is promising, none of the AR agents are available for 

use in the United States; however, as additional studies with 
these newer agents, ranirestat23 and fidarestat will emerge. 
Antioxidants 
α-lipoic acid (thioctic acid), an anti-oxidant that is a non-
prescription dietary supplement has shown benefit in a 
randomized controlled trial that compared once-daily oral 
doses of 600 mg to 1800 mg compared to placebo, although 
nausea occurred in the higher doses. The Symptomatic 
Diabetic Neuropathy 2 (SYDNEY 2) trial showed significant 
improvement in neuropathic symptoms and neurologic 
deficits in 181 diabetic patients with 3 different dosages of α-
lipoic acid compared with placebo over a 5-week period24. 
(Table 4) 
Advanced Glycation End Product Inhibitor 
Benfotiamine, a transketolase activator that reduces tissue 
advanced glycation end products (AGE). Its effectiveness in 
treating diabetic polyneuropathy has demonstrated in several 
studies. Benfotiamine in the Treatment of Diabetic 
Polyneuropathy (BEDIP) 3-week study demonstrated 
subjective improvements in neuropathy score in the group 
that received 200 mg/d of benfotiamine tablets, with a 
pronounced decrease in reported pain levels25. The use of 
benfotiamine in combination with other antioxidant therapies 
such as α-lipoic acid will soon be commercially available 
under the name Nutrinerve. 
Protein Kinase C Inhibitors 
Protein kinase C activation is a critical step in the pathway to 
diabetic microvascular complications. It is activated by both 
hyperglycemia and disordered fatty-acid metabolism 
resulting in increased production of vasoconstrictive, 
angiogenic, and chemotactic cytokines including 
transforming growth factor-β, vascular endothelial growth 
factor, endothelin, and intercellular adhesion molecules. A 
multinational, randomized, phase-2, double-blind, placebo-
controlled trial with ruboxistaurin (a protein kinase C-β 
inhibitor) failed to achieve the primary end points although 
significant changes were observed in many domains26.Results 
from a smaller, single center study showed improvement in 
symptom scores, endothelium dependent skin blood flow 
measurements, and quality of life scores in the ruboxistaurin-
treated group27. 
Glycaemic Control with Insulin 
The main objective of treatment of diabetic neuropathy is 
glycaemic control optimization. There is evidence that less 
frequent and less severe peripheral nerve complications is 
associated with good diabetic control.  
The Diabetes Control and Complications Trial (DCCT) in 
1995 showed that diabetes neuropathy reduced by 64% with 
intensive glucose management by insulin pump or by three or 
more daily insulin injections in patients with type 1 diabetes 
mellitus at 5 years compared with conventional therapy. The 
DCCT also established that the occurrence or worsening of 
peripheral neuropathy28 is associated with poor glycaemic 
control, but whether decreased in neuropathic pain intensity 
in glycaemic control is still a matter of debate. 
Myo-Inositol  
As the polyol pathway gets activated, there is a depletion of 
myo-inositol, so it was given from outside will be able to 
restore the level of nerve myo-inositol. 
Agents Increasing Nerve Blood Flow 
 Diabetic neuropathy lead to increase in nerve hypoxia and 
thus decrease in nerve blood flow was observed, therefore 
agents which will be able to increase nerve blood flow will 
proved to beneficial in neuropathy. These include 
vasodilators, such as ACE inhibitors and prostaglandin 
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analogues which were effective upto phase II in randomized 
clinical trials. A compound called PhVEGF165 gene transfer, 
phase III clinical trials are ongoing which leads to increase in 
angiogenesis. 
C-Peptide Replacement Therapy 
In animal models of type 1 diabetes mellitus, C-peptide 
replacement has shown improvement of nerve function29. 
Moreover, it is known to enhance endoneurial blood flow 
through stimulatory effects on endothelial nitric oxide 
synthase30. Results concluded from humans have shown that 
C-peptide had significant improvement in sensory nerve 
conduction velocities, vibration perception, and autonomic 
nerve function31-32. In a recent exploratory, multicenter, 
randomized placebo-controlled study including 6 weeks of 
treatment in 139 patients demonstrated improvement in 
sensory nerve conduction velocities, vibration perception, 
and neurologic impairment scores33. 
Drug therapy for symptomatic relief in diabetic 
neuropathy 
Analgesics  
Studies conducted on humans have demonstrated that these 
drugs [paracetamol, salicylates and non-steroidal anti-
inflammatory drugs (NSAIDs)] are considered ineffective or 
poorly effective against neuropathic pain34-35. 
Tricyclic Antidepressants 
These have been first line choice for treatment of neuropathic 
pain. Their analgesic effect mainly involves their action on 
descending norepinephrine-related inhibitory systems 
independent of antidepressant effect. These drugs act through 
monoamine reuptake inhibition and blockade of NMDA 
receptors as well as sodium channels36. Efficacy of these 
drugs (amitriptyline, imipramine, clomipramine) has been 
demonstrated in several placebo-controlled studies37-38. Their 
efficacy was similar across all of these drugs39. 
One notable side effect is cardiac toxicity, which can lead to 
fatal arrhythmias. Other side effects are dose-dependent 
include sedation, anticholinergic effects (dry mouth, 
sweating, constipation, urinary retention blurred vision, 
tachycardia,), adrenolytic effects (orthostatic hypotension, 
impotence) and weight gain. The main contraindications 
include prostatic adenoma, recent myocardial infarction, 
glaucoma and heart conduction abnormalities. Thus all the 
above side effects limit their use in neuropathic pain.  
Selective Serotonin-Norepinephrine Reuptake Inhibitors 
(SSNRIs) 
These agents are effective in treatment of pain based on the 
significant role of norepinephrine in endogenous pain 
modulation through the descending norepinephrine inhibitory 
pathway. Well-conducted studies have shown some efficacy 
with duloxetine in PDN40-41. A significant improvement in 
sleep disturbance and Quality of Life (QoL) has also been 
reported. Duloxetine (30 or 60 mg tablets) is approved by 
FDA only for the pain associated with diabetic neuropathy. 
Liver disease, renal failure (creatinine clearance < 30 
mL/min) and glaucoma are contraindications for duloxetine. 
Also, the drug can raise blood pressure, and must not be 
combined with inhibitors of CYP1A2 (fluvoxamine, 
ciproflaxine, enoxacine). Venlafaxine has also shown 
efficacy in PDN42, but is not approved for treating painful 
neuropathy. 
Selective Serotonin Reuptake Inhibitors (SSRIs) 
SSRIs such as fluoxetine, paroxetine, sertraline and 
citalopram are found to be no more efficacious than placebo 
in several controlled trials and thus are not recommended to 
treat painful neuropathy. Side effects are rarely serious and 

permanent disabilities did not occur. These drugs cause 
sedation and weight gain, which leads to worsen of diabetic's 
glycemic control. They can be used at dosages that also 
relieve the symptoms of depression, a common comorbidity 
of diabetic neuropathy. 
Anticonvulsants 
This class of drugs includes gabapentin, pregabalin and 
carbamazepine. A number of randomized controlled studies 
have shown effectiveness of gabapentin against neuropathic 
pain43-44. An analgesic effect through decrease in the release 
of glutamate by gabapentin have probably related to its 
binding to the alpha-2-delta subunit of the voltage-gated 
calcium channels of the central nervous system. However, a 
recent double-blind randomized controlled trial showed that a 
slow-release formulation given once a day was equally 
effective for PDN45. Only few interactions with concomitant 
pharmacological treatments occur as gabapentin is not 
significantly metabolized in humans. Dosage in renal 
impaired patients needs to be adjusted as gabapentin is only 
eliminated by the kidney as unchanged drug46. The common 
side effects include somnolence, dry mouth, dizziness, weight 
gain, peripheral oedema, headache and gastrointestinal 
disorders.  
Pregabalin a recently marketed, having mechanisms of action 
similar to gabapentin. The efficacy of pregabalin for 
neuropathic pain has been reported in several studies47-51. 
Pregabalin is only eliminated by the kidneys so dosages need 
to be adjusted in patients with renal impairment52. The 
reported side effects are somnolence, dizziness, 
gastrointestinal disorders, dry mouth, headache, weight gain 
and peripheral oedema. Recently pregabalin was approved 
for central as well as peripheral neuropathic pain. 
Early studies on carbamazepine suggested that it might be 
effective in PDN53-54 and it is approved for neuropathic pain 
in adults in France. A number of dose-related side effects are 
reported including hepatitis, haematological complications 
(agranulocytosis), severe dermatological reactions (Stevens–
Johnson syndrome) and cognitive dysfunction. 
Carbamazepine is fully metabolized in the liver (CYP450, 
3A4), thus multiple drug interactions occur and an active 
metabolite is produced. 
Opioids  
In PDN, extended-release oxycodone has proved its efficacy 
in several studies55-56. Opioids must be only used when the 
patient does not respond to non-opioid therapy. The notable 
side effects include drowsiness, constipation, dizziness, 
nausea and dry mouth; the frequency of all these adverse 
events contributes to limit the continuation of treatment in 
fewer patients beyond 1 year57. 
Tramadol, agonistic at the opioid receptors and the recapture 
of monoamines was inhibited by it. In several studies its 
efficacy was proven, with a possible effect on allodynia58. It 
is available in the form of immediate or delayed-release 
capsule, although the tolerance of extended-release form is 
better. The main side effects include nausea, constipation, 
dizziness, headache, somnolence, dry mouth and urinary 
disorders. Increase in risk of seizure is reported when it is 
combined with tricyclic antidepressants, or in patients with 
epilepsy. (Table 5) 
NMDA Receptor Antagonists 
Agents including ketamine and dextromethorphan, have 
demonstrated effectively in reducing postoperative pain and 
analgesic consumption59. Recently, a combination of 
dextrometorphan and quinidne in patients with PDN 
suggested a significant impact on pain intensity rating scale, 
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pain relief rating scale and patients’ diary assessments of 
sleep and pain intensity60. 
Comparison of Treatment 
A comparison between 2 or more drug in various studies was 
demonstrated and found to have great impact in PDN. In 
severl good quality studies61-62, Amitriptyline was compared 
with gabapentin, it was that concluded that both these agents 
are similar in efficacy. In another study, amitriptyline and 
duloxetine were shown to be equally effective63. Another 
study of good quality, on a limited number of patients, found 
to have similar effectiveness between amitriptyline and 
lamotrigine with regards to pain64. However, drowsiness 
occurred notably with amitriptyline, although serious side 
effects were reported with lamotrigine. A meta-analysis for 
comparing the efficacy of pregabalin, duloxetine and 
gabapentin65 concluded that duloxetine was most effective 
among all the drugs. 
Patients, who are unable to tolerate amitriptyline must be 
treated with desipramine, which is equally efficient as 
amitriptyline for relieving pain in diabetic neuropathy. The 
mechanism of action of these antidepressants having 
analgesic potential in diabetic neuropathy may be mediated 
through blockade of norepinephrine reuptake.  
Non-Pharmacological Treatments  
Patients unresponsive to pharmacological therapy may be 
reffered to physical or invasive treatments, such as central 
neurostimulation. In patients with diabetes, physical therapy 
is found to effective66.This may be an alternate to reduce 
dependency on pain relieving drug treatment. Certain 
physiotherapy techniques can helpful in relieving symptoms 
with diabetic neuropathy such as deep pain in the extremities, 
tingling or burning sensation in lower portion, muscle cramps 
or weakness, sexual dysfunction, and diabetic foot67. 
A painless electric current via electrical stimulation with low 
frequqency current is done through Transcutaneous electrical 
nerve stimulation (TENS) and interferential current (IFC), to 
relieve neuropathic pain, reduce oedema, relieve stiffness, 
improve mobility and heal resistant foot ulcers68. 
Patients with foot ulcers having diabetes neuropathy are 
trained through gait training or posture training, and teaching 
the basic principles of off-loading can help prevent and/or 
stabilize foot complications. Off-loading techniques can 
induce the use of crutches or foot splints. Individuals using 
prosthesis as they have lost their limbs due to diabetic 
neuropathy, gait re-training would also be beneficial for 
them68. 
Muscle strength and reduced muscle wasting can be 
maintained by general muscle strengthening exercises69. 
Exercises which place excess pressure on feet such as 
walking long distance or running is contraindicated but 
aerobic exercise such as swimming and riding a stationary 
bicycle have impact in peripheral neuropathy70.  
Various other methods including Heat, therapeutic ultrasound 
and short wave diathermy have been useful for treating 
diabetic neuropathy68. Sexual dysfunction occurred through 
neuropathy can be improved using Pelvic floor muscle 
exercises. 
Now-a-days, Photo Energy Therapy devices are frequently 
used to treat neuropathic symptoms. These devices emit near 
infrared light (NIR Therapy) at a wavelength of 880 nm. 
Vasodilation of the capilaries and venuoles in the 
microcirculatory system occur as this wavelength stimulates 
the release of Nitric Oxide. This increase in circulation 
contributes to decrease pain intensity in diabetic and non-
diabetic patients71. Photo Energy Therapy devices seems to 

overcome the root cause of neuropathies i.e. poor 
microcirculation, which cause pain and numbness in the 
lower extremities72-73. 
Electrical Spinal Cord Stimulation 
In 25 patients, three prospective case series and one 
retrospective cohort study were conducted. After 1 year of 
spinal cord stimulation (SCS), it was concluded that 50% 
pain relief occurred in 63% of patients and analgesics usage 
was also reduced (60% complete withdrawl) in most SCS-
treated patients.  No any major adverse events were reported. 
The pain-relieving effect of SCS in painful diabetic 
polyneuropathy is shown many studies and promising results 
were reported74. 
General Measures  
General measures include change in life style of the patient 
such as elevation of the head of the bed (by 15-25cm at 
night), increased salt (10-12 d/day) and water intake (>20 
oz/day), eating more frequent small meals after 2-3 hours. 
Patients with a neurogenic bladder should be advised to a 
frequent urinal discharge, so as to reduce the amount of 
residual urine. It is advised to the patient for a healthy weight, 
quit smoking, taking antihypertensives and the use of natural 
remedies for diabetes. (Table 6) 
Patient should be encouraged to daily inspection of the feet, 
regular pedicure and alertness to trivial injuries. Infections 
commonly occur in diabetes so proper skin care must be 
advised in patients with cutaneous sensory loss, impaired 
sweating, and vascular disease. These measures will decrease 
the risk of developing foot ulceration. 
Therapy of dysfunctioning organs 
In diabetes, gatric emptying is delayed, nocturnal diarrhoea 
occur along with erectile dysfunction. Metoclopramide is 
used to treat delayed gastric emptying and with short courses 
of either tetracycline or erythromycin nocturnal diarrhoea can 
be treated. Erectile dysfunction may be corrected by either 
oral sildenafil or direct vasodilator injection into the copora 
cavernosa or penile implants. A urologist must be consulted 
during dysfunctioning of urinary bladder and erectile 
dysfunction. 
Other Drugs In Clinical Trials 
SB-509 
SB-509 is recently in phase II trials for treatment of diabetic 
neuropathy. 
SB-509 contains the gene (DNA) for a protein. When it was 
injected into legs, the drug enters the muscle and nerve cells 
around the injection site and promotes these cells to make a 
protein. This protein causes cells to increase production of 
another protein called vascular endothelial growth factor 
(VEGF), which may improve the structure and function of 
nerves. In addition, there are changes in the levels of 28 
additional proteins in cells. These proteins function to 
promote the growth of cells, help synthesize products, affect 
immune cells and some have unknown functions. This 
increase in VEGF proteins may protect and repair the 
damaged nerves caused by diabetic neuropathy. 
Quigley QR333   
The Quigley Corporation (NASDAQ: QGLY) announced in 
2009 that their recently completed Phase 2 double-blinded, 
placebo-controlled, clinical trial of diabetic peripheral 
neuropathy, demonstrated a significant improvement in two 
key measures of distal sensory nerve function in the group 
treated with QR333. The compound was applied topically to 
the feet of subjects suffering from painful diabetic 
neuropathy and over the course of 12 weeks, it significantly 
improved both maximal conduction velocity (p=0.05) and 
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compound sensory amplitude (p=0.05) in the sural nerve. 
These are well established, validated and objective 
electrophysiologic measures of the onset and progression of 
diabetic nerve damage. A positive finding was detected in 
subjects suffering from neuropathy. 
DRUGS APROVED BY FDA 
The only two drugs approved by the FDA for diabetic 
peripheral neuropathy which have sufficient efficacy are the 
antidepressant duloxetine and the anticonvulsant pregabalin. 
Pregabalin is a highly potent and higher-effective analog of 
gabapentin. Evidence of its efficacy is derived from three 
pivotal clinical trials in diabetic painful neuropathy75.  
CONCLUSION  
In diabetes mellitus, either insulin depletion or resistance to 
insulin occur, resulting in hyperglycaemia and abnormalities 
in carbohydrate protein and fat metabolism. This persistence 
hyperglycaemia often leads to microvascular and 
macrovascular complications such as neuropathy, 
nephropathy or retinopathy. 
In diabetic neuropathy, there occurs altered neuronal 
structure and function due to oxidative stress through 
activation of several biochemical pathways.  
Treatment should emphasize on optimising glycaemic control 
and patient education. Till date, suitable treatment for 
controlling diabetic neuropathy still await except two drugs 
approved by FDA. Several drugs have been declined in 
clinical trials due to intolerable side effects and some are yet 
to be in some phase of clinical trial which will have great 
impact in diabetic neuropathy. A combination of treatment 
also serves as an effective means of therapy in many studies 
and provides hope in order to stop the progression of disease. 
Even though research is going on and fruitful result from 
preclinical studies have been reported, but whether these will 
be beneficial in therapeutics is still a matter of debate. 
REFERENCES 
1. Kate E. Schemmel, Rosalyn S. Padiyarab, Jennifer J. D'Souza. Aldose 

reductase inhibitors in the treatment of diabetic peripheral neuropathy: a 
review Journal of Diabetes and Its Complications 2010; 20: 354–360. 

2. Vinik AI. Advances in diabetes for the millennium: new treatments for 
diabetic neuropathies. Med Gen Med 2004; 6(Suppl 3):13. 

3. Vinik EJ, Hayes RP, Oglesby A, et al. The Development and validation 
of the Norfolk QOLDN, a new measure of patients' perception of the 
effects of diabetes and diabetic neuropathy. Diabetes Technol Ther 
2005; 7:497-508. 

4. Ardid D, Guilbaund G. Antinocieptive effects of acute and chronic 
injection of tricyclic antidepressants drugs in a new model of mono 
neuropathy in rats. Pain 1992; 49: 279-287. 

5. Tesfaye S, Chaturvedi N, Eaton SE, et al (EURODIAB Prospective 
Complications Study Group). Vascular risk factors and diabetic 
neuropathy. N Engl J Med 2005; 352:341-350. 

6. Gaede P, Vedel P, Larsen N, et al. Multifactorial intervention and 
cardiovascular disease in patients with type 2 diabetes. N Engl J Med 
2003; 348:383-393. 

7.  Herman WH, Kennedy L. Underdiagnosis of peripheral neuropathy in 
type 2 diabetes. Diabetes Care 2005; 28:1480-1481. 

8. Boulton AJ, Malik RA, Arezzo JC, Sosenko JM. Diabetic somatic 
neuropathies. Diabetes Care 2004; 27:1458-1486. 

9. Kennedy WR, Wendelschafer-Crabb G, Johnson T. Quantitation of 
epidermal nerves in diabetic neuropathy. Neurology 1996; 47:1042-
1048. 

10. Polydefkis M, Hauer P, Griffin JW, McArthur JC. Skin biopsy as a tool 
to assess distal small fiber innervation in diabetic neuropathy. Diabetes 
Technol Ther 2001; 3:23-28. 

11. Pittenger GL, Ray M, Burcus NI, et al. Intraepidermal nerve fibers are 
indicators of small-fiber neuropathy in both diabetic and nondiabetic 
patients. Diabetes Care 2004; 27:1974-1979. 

12.  Sorensen L, Molyneaux L, Yue DK. The relationship among pain, 
sensory loss, and small nerve fi bers in diabetes. Diabetes Care 2006; 29 
(4): 883 -7. 

13.  Gore M, Dukes E, Rowbotham DJ, et al. Clinical characteristics and 
pain management among patients with painful peripheral neuropathic 
disorders in general practice settings. Eur J Pain 2007; 11(6): 652 -64. 

14.  Malik RA, Tesfaye S, Newrick PG, et al. Sural nerve pathology in 
diabetic patients with minimal but progressive neuropathy. Diabetologia 
2005; 48 (3): 578 -585. 

15. Smith AG, Russell J, Feldman EL, et al. Lifestyle intervention for pre-
diabetic neuropathy. Diabetes Care 2006; 29: 1294-1299. 

16. Rice A, Barlow P, Pittenger G, et al. Topiramate improves 
neurovascular function, epidermal nerve fiber morphology, and 
metabolism in patients with diabetes. Diabetes Care In press.  

17.  Ziegler D, Sohr CG, Nourooz-Zadeh J. Oxidative stress and antioxidant 
defense in relation to the severity of diabetic polyneuropathy and 
cardiovascular autonomic neuropathy. Diabetes Care 2004; 27:2178-
2183. 

18.  Oyama, T., Miyasita, Y., Watanabe, H., et al. The role of polyol 
pathway in high glucose-induced endothelial cell damages. Diabetes 
Research and Clinical Practice 2006; 73: 227−234. 

19.  Oka, M., & Kato, N. Aldose reductase inhibitors. Journal of Enzyme 
Inhibition 2001; 16: 465−473. 

20. Sweetman, SC (Ed. 2007). Epalrestat. Martindale — the complete drug 
reference (35th ed., pp. 398). London: Pharmaceutical Press.  

21. Hotta, N., Sakamoto, N., Shigeta, Y., et al. Clinical investigation of 
epalrestat, an aldose reductase inhibitor, on diabetic neuropathy in 
Japan: multicenter study. Journal of Diabetes and its Complications, 
1996; 10: 168−172.  

22. Hotta, N., Toyota, T., Matsuoka, K., et al. Clinical efficacy of fidarestat, 
a novel aldose reductase inhibitor, for diabetic peripheral neuropathy. 
Diabetes Care, 2001; 24:1776−1782. 

23. Bril V, Buchanan RA. Long-term effects of ranirestat (AS-3201) on 
peripheral nerve function in patients with diabetic sensorimotor 
polyneuropathy. Diabetes Care 2006; 29:68-72. 

24. Ziegler D, Ametov A, Barinov A, et al. Oral treatment with alpha-lipoic 
acid improves symptomatic diabetic polyneuropathy: the SYDNEY 2 
trial. Diabetes Care 2006; 29:2365-2370. 

25. Haupt E, Ledermann H, Köpcke W. Benfotiamine in the treatment of 
diabetic polyneuropathy-- a three-week randomized, controlled pilot 
study (BEDIP study) [erratum in Int J Clin Pharmacol Ther 
2005;43:304]. Int J ClinPharmacol Ther 2005; 43:71-77. 

26.  Vinik AI, Bril V, Kempler P, et al (the MBBO Study Group). Treatment 
of symptomatic diabetic peripheral neuropathy with protein kinase C 
beta-inhibitor ruboxistaurin mesylate during a 1- year randomized, 
placebo-controlled, double-blind clinical trial. Clin Ther. 2005; 27:1164-
1180. 

27.  Casellini CM, Barlow PM, Rice AL, et al. A 6-month, randomized, 
double-masked, placebocontrolled study evaluating the effects of the 
protein kinase C-beta inhibitor ruboxistaurin on skin microvascular 
blood flow and othermeasures of diabetic peripheral neuropathy. 
Diabetes Care. 2007; 30:896-902. 

28.  Diabetes Control and Complications Trial Research Group. The effect 
of intensive diabetes therapy on the development and progression of 
neuropathy. Ann Intern Med 1995; 122:561–8.   

29. Kamiya H, Zhang W, Sima AA. C-peptide prevents nociceptive sensory 
neuropathy in type 1 diabetes. Ann Neurol. 2004; 56:827-835. 

30.  Stevens MJ, Zhang W, Li F, Sima AA. C-peptide corrects endoneurial 
blood flow but not oxidative stress in type 1 BB/Wor rats. Am J Physiol 
Endocrinol Metab. 2004; 287:E497-E505. 

31.  Ekberg K, Brismar T, Johansson BL, et al. Amelioration of sensory 
nerve dysfunction by C-Peptide in patients with type 1 diabetes. 
Diabetes 2003; 52:536-541. 

32.  Johansson BL, Borg K, Fernqvist-Forbes E, Odergren T, Remahl S, 
Wahren J. C-peptide 

 improves autonomic nerve function in IDDM patients. Diabetologia 1996; 
39:687-695. 

33. Ekberg K, Brismar T, Johansson BL, et al. C-Peptide replacement 
therapy and sensory nerve function in type 1 diabetic neuropathy. 
Diabetes Care 2007; 30:71-76.  

34. Attal N, Cruccu G, Baron R, Haanpää M, Hansson P, Jensen TS, et al. 
EFNS guidelines on the pharmacological treatment of neuropathic pain: 
2009 revision. Eur J Neurol 2010; 17:1113–88. 

35. Argoff CE, Backonja M-M, Belgrade MJ, Bennett GJ, Clark MR, Cole 
BE, et al. Consensus guidelines: treatment planning and options. Mayo 
Clin Proc 2006; 81:S12–25. 

36.  Dick IE, Brochu RM, Purohit Y, et al. Sodium channel blockade may 
contribute to the analgesic efficacy of antidepressants. J Pain 2007; 8: 
315–324.  

37. Jose VM, Bhansali A, Hota D, Pandhi P. Randomized double-blind 
study comparing the efficacy and safety of lamotrigine and amitriptyline 
in painful diabetic neuropathy. Diabet Med 2007; 24:377–383. 

38. Gilron I, Bailey JM, Tu D, Holden RR, Jackson AC, Houlden RL. 
Nortriptyline and gabapentin, alone and in combination for neuro-pathic 
pain: a double-blind, randomised controlled crossover trial. Lancet 2009; 
374:1252–1261.  



Kaur Parminder et al. IRJP 2012, 3 (3) 

Page 27 

39. Saarto T, Wiffen PJ. Antidepressants for neuropathic pain. Cochrane 
Database Syst Rev 2005; 20:CD005454. 

40.  Raskin J, Pritchett YL, Wang F, et al. A double-blind, randomized 
multicenter trial comparing duloxetine with placebo in the management 
of diabetic peripheral neuropathic pain. Pain Med 2005; 6:346–356. 

41.  Wernicke JF, Pritchett YL, D’Souza DN, et al. A randomized controlled 
trial of duloxetine in diabetic peripheral neuropathic pain. Neurology 
2006; 67:1411–1420. 

42.  Kadiroglu AK, Sit D, Kayabasi H, et al. The effect of venlafaxine HCl 
on painful peripheral diabetic neuropathy in patients with type 2 diabetes 
mellitus. J Diabetes Complications 2008; 22:241–245. 

43. Irving G, Jensen M, Cramer M, et al. Efficacy and tolerability of gastric-
retentive gabapentin for the treatment of postherpetic neuralgia: results 
of a double-blind, randomized, placebo controlled clinical trial. Clin J 
Pain 2009; 25:185–192. 

44.  Wiffen PJ, McQuay HJ, Edwards JE, Moore RA. Gabapentin for acute 
and chronic pain. Cochrane Database Syst Rev 2005; 3:CD005452.  

45. Sandercock D, Cramer M, Wu J, et al. Gabapentin extended release for 
the treatment of painful diabetic peripheral neuropathy. Diabetes Care 
2009; 32:e20. 

46. Girardin F, Desmeules JA, Piguet V, Dayer P. Utilité de la gabapentine 
dans les douleurs neurogènes. Med Hyg 2003; 61:1352–1357 

47. Tolle T, Freynhagen R, Versavel M, et al. Pregabalin for relief of 
neuropathic pain associated with diabetic neuropathy: a randomized, 
double-blind study. Eur J Pain 2007; 12:203–213.  

48.  Freynhagen R, Strojek K, Griesing T, et al. Efficacy of pregabalin in 
neuropathic pain evaluated in a 12-week, randomised, double-blind, 
multicentre, placebo-controlled trial of flexible and fixed dose regimens. 
Pain 2005; 115:254–263.  

49.  Freeman R, Durso-Decruz E, Emir B. Efficacy, safety, and tolerability 
of pregabalin treatment for painful diabetic peripheral neuropathy: 
findings from seven randomized, controlled trials across a range of 
doses. Diabetes Care 2008; 31:1448–1454.  

50.  Arezzo JC, Rosenstock J, Lamoreaux L, Pauer L. Efficacy and safety of 
pregabalin 600 mg/d for treating painful diabetic peripheral neuropathy: 
a double-blind placebo-controlled trial. BMC Neurol 2008; 16:8–33. 

51.  Richter RW, Portenoy R, Sharma U, et al. Relief of painful diabetic 
peripheral neuropathy with pregabalin: a randomized, placebo-
controlled trial. J Pain 2005; 6:253–260. 

52. Moore RA, Straube S, Wiffen PJ, et al. Pregabalin for acute and chronic 
pain in adults. Cochrane Database Syst Rev 2007; 3:CD007076.  

53. Rull JA, Quibbera R, Gonzalez-Millan H, Castaneda OL. Symptomatic 
treatment of peripheral diabetic neuropathy with carbamazepine 
(Tegretol): double blind crossover trial. Diabetologia 1969; 5:215–218. 

54.  Rompel H, Bauermeister PW. Aetiology of migraine and prevention 
with carbamazepine (Tegretol): results of a double-blind, crossover 
study. S Afr Med J 1970; 44:75–78. 

55. Gimbel JS, Richards P, Portenoy RK. Controlled-release oxycodone for 
pain in diabetic neuropathy: a randomized controlled trial. Neurology 
2003; 60:927–934. 

56. Watson CP, Moulin D, Watt-Watson J, et al. Controlled-release 
oxycodone relieves neuropathic pain: a randomized controlled trial in 
painful diabetic neuropathy. Pain 2003; 105:71–78. 

57. Attal N, Cruccu G, Baron R, et al. EFNS guidelines on the 
pharmacological treatment of neuropathic pain: 2009 revision. Eur J 
Neurol 2010; 17:1113–1188.  

58. Freeman R, Raskin P, Hewitt DJ, et al. Randomized study of 
tramadol/acetaminophen versus placebo in painful diabetic peripheral 
neuropathy. Curr Med Res Opin 2007; 23:147–161. 

59. McCartney CJ, Sinha A, Katz J. A qualitative systematic review of the 
role of N-methyl-D-aspartate receptor antagonists in preventive 
analgesia. Anesth Analg 2004; 98:1385–1400.  

60. Thisted RA, Klaff L, Schwartz SL, et al. Dextromethorphan and 
quinidine in adult patients with uncontrolled painful diabetic peripheral 
neuropathy: A 29-day, multicenter, open-label, doseescalation study. 
Clin Ther 2006; 28:1607–1618. 

61. Gilron I, Bailey JM, Tu D, et al. Nortriptyline and gabapentin, alone and 
in combination for neuro-pathic pain: a double-blind, randomised 
controlled crossover trial. Lancet 2009; 374:1252–1261. 

62. Morello CM, Leckband SG, Stoner CP, et al. Randomized double-blind 
study comparing the efficacy of gabapentin with amitriptyline on 
diabetic peripheral neuropathy pain. Arch Intern Med 1999; 159:1931–
1937. 

63. Kaur H, Hota D, Bhansali A, et al. A comparative evaluation of 
amitriptyline and duloxetine in painful diabetic neuropathy: a 
randomized, double-blind, cross-over clinical trial. Diabetes Care 2011; 
34:818–822.   

64.  Jose VM, Bhansali A, Hota D, Pandhi P. Randomized double-blind 
study comparing the efficacy and safety of lamotrigine and amitriptyline 
in painful diabetic neuropathy. Diabet Med 2007; 24:377–83. 

65. Quilici S, Chancellor J, Löthgren M, et al. Metaanalysis of duloxetine 
vs. pregabalin and gabapentin in the treatment of diabetic peripheral 
neuropathic pain. BMC Neurol 2009; 9:6. 

66.  Kalra Sanjay, Bharti Kalra, Naresh Sharma, Sunita Sharma. 
Physiotherapy in the Management of Diabetes Mellitus: Utilty and 
Benefits. The Internet Journal of Pain, Symptom Control and Palliative 
Care 2010; 8. 

67.  Diabetic Neuropathy. PubMed Health. 2010-04-19. 
68.  Kalra, Sanjay; Bharti Kalra, Naresh Sharma. Prevention and 

Management of Diabetes: The Role of the Physiotherapist. Diabetes 
Voice 2007; 52 (3): 12–14. 

69.  Borges, Cristiane; Karine Castao, Patricia Souto, Tatiane Zan, Jose 
Pompeu, Thiago Fukuda. Effects of Resisted Exercise on Muscular 
Strength, Spasticity and Functionality in Chronic Hemiparetic Subjects: 
A Systematic Review. The Journal of Applied Research 2009; 9 (4): 
147–158.  

70.  Typpo, Omaha. Importance of Physical Activity in Neuropathy. 
Demand Media Inc 2010. 

71.  Rader A, Barry T. A proposed mechanism for pain relief following NIR 
or MIRE therapy. Diabetic Microvascular Complications Today 2006: 
27–28.  

72.  Leonard DR, Farooqi MH, Myers S. Restoration of sensation, reduced 
pain, and improved balance in subjects with diabetic peripheral 
neuropathy: a double-blind, randomized, placebo-controlled study with 
monochromatic near-infrared treatment. Diabetes Care 2004; 27 (1): 
168–172. 

73.  Prendergast JJ, Miranda G, Sanchez M. Improvement of sensory 
impairment in patients with peripheral neuropathy. Endocr Pract 2004; 
10 (1): 24–30. 

74. Wouter A. Pluijms, Rachel Slangen, Elbert A. Joosten, et al. Electrical 
spinal cord stimulation in painful diabetic polyneuropathy, a systematic 
review on treatment efficacy and safety European Journal of Pain 2011; 
15: 783–788 

75. Sonnett TE, Setter SM, Campbell RK. Pregabalin for the treatment of 
painful neuropathy. Expert Rev Neurother 2006; 6:1629–1635. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Kaur Parminder et al. IRJP 2012, 3 (3) 

Page 28 

R isk factors
H yperlip idem ia, S m oking, A ge,
H ypertension , In su lin  resistance  H yperglycem ia 

P o lyo l
pathw ay P K C  

pathw ay

G lucose 

N A D P H   

N A D P

S orb ito l

F ructose 

A G E  pathw ay
R O S /R N S

N A D
N A D H

P IP 2  ↓

D A G  ↓

P K C -α↓

N a+K +AT P ase ↓  

C ellu lar in ju ry &  death

A G E  
pathw ay

A ctivation  o f 
R A G E

R O S /R N S

N F -ƙB activation

A ltered  gene ep ression &  ↑  in  
cytokines

PA R P 
pathw ay

T C A→  
R O S /R N S

D N A dam age

PA R P activation

H exosam ine
pathw ay

F -6 -P

G lu -6 -P
G FAT

U D P -N -A c

A ctivation  
o f T N F -α , 

PA I-1

Insu lin  resistance

O O ther causes
G enetic  facto r, H IV, 

chem otherapeu tic  agen ts 

 
 

FIG. 1 PATHOGENESIS OF DIABETIC NEUROPATHY 
 

TABLE 1.   ALDOSE REDUCTASE INHIBITORS (Oka and Kato, 2001) 
S. No. Classes Agent Availability 

1. Acetic acid 
Compounds 

Epalrestat21 
 

Alrestatin 
Tolrestat 

Zenarestat 
Zopolrestat 

NZ-314 

Japan developed by Ono. 
 

Agents were withdrawn due to adverse 
effect or ineffectiveness. 

2. Spirohydantoins 
 

Sorbinal 
Fidarestat22 

 
Japan 

3. Succinimide 
 

AS-3201 (ranirestat) In Phase III trials in the US 

 
TABLE 2. RECENT PATENT AGENTS OF COMPOUNDS AS ALDOSE REDUCTASE INHIBITORS IN DIABETIC NEUROPATHY 

Patent 
Number 

Filing 
date 

Inventor 
 

Aldose  reductase inhibitors 
 

Route of 
Administration 

US 0131536 
 

Nov, 2007 
 

Ahmed 
Massoud 

Flavonoids from licorice 
 

Oral 

US 0047370 
 

Apr, 2008 
 

Sam 
Schwartz 

Alpha lipoic acid 
 

Topical 

 
TABLE 3. RECENT PATENT AGENTS OF ALDOSE REDUCTASE INHIBITORS IN COMBINATION WITH OTHER AGENTS FOR 

DIABETIC NEUROPATHY 
Patent 

 
Filing date 

 
Inventor 

 
Aldose 

Reductase 
Inhibitor 

Other 
Agents 

 

Route of 
Administration 

CA 2690086 
 

Jul, 2008 
 

Tsuno 
 

Ranistat 
 

AMPA 
receptor 

antagonists 

Oral 

US 0186908 
 

Aug, 2008 
 

Norman 
Cameron 

 

Epalrestat, Tolrestat, 
zopolrestat, 
AD-5467, 
SNK-860, 

AND-138, zenarestat, 
sorbinil, imirestat, 

minalrestat 

Statin drug, 
ACE 

inhibitor, 
angiotensin 
II antagonist 

 

Oral or 
Parenteral 
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TABLE 4. ANTIOXIDANTS IN CLINICAL TRIALS 

S. No. Drug Sponsor Phase 
1. Ascorbic acid 

(vitamin C) 
Washington State University Phase I 

2. N-acetylcysteine University of Turin, Italy Phase III 
3. Allopurinol, α-lipoic acid, 

nicotinamide 
University of Michigan Phase III 

4. Metanx (a medicinal food) Pamlab, L.L.C., USA Phase IV 
5. Hemoderivative of calf blood 

(Actovegin) 
Nycomed, Denmark Phase III 

6. Controlled nitric oxide releasing patch Fundacion Cardiovascular de Colombia Phase III 
7. BK-C-0701 Bukwang, Pharmaceutical Phase III 

 
TABLE 5. ORAL SYMPTOMATIC THERAPY OF PAINFUL NEUROPATHY 

S. No. Drug Class Drug [Daily Dose (mg)] Advantages Side Effects 
1. Tricyclics Amitriptyline(25–150 ) 

Imipramine  (25–150) 
 

Low cost 
Antidepressant effect at high 

doses 

cardiac toxicity 
anticholinergic effects 

adrenolytic effects 
2. SSNRIs Duloxetine (30-60) 

 
Easy and rapid dose titration 

Taken daily 
Antidepressant/antianxiety 

effects 

Adverse events 
Drug interactions 

3. Anticonvulsants Gabapentin (900-1,800) 
Pregabalin (160-600) 

Lamotrigine (200-400) 
Carbamazepine (upto 800) 

No major drug interactions 
Antianxiety effect 

Adverse events 
Titration 

TID 
Cost 

4. Opioids Tramadol  (50-400) 
Oxycodone CR* (10-60) 

Beneficial effect on possibly 
associated inflammatory pain 

Adverse events 
Physical dependence 

All medications in this table have demonstrated efficacy in randomized, controlled studies.*Oxycodone controlled release (CR) may be useful as an 
add-on therapy in severe symptomatic neuropathy. 

 
TABLE 6. NUTRITIONAL TREATMENT FOR DIABETIC NEUROPATHY 

S. No. Treatment Mechanism of action Conclusion 
1. Gamma-linolenic acid 

(GLA) 
Produce deformable RBCs, Regenerate 

veins/capillaries, over long period stimulate nerve 
growth 

Stimulate COX 1 expression and production of 
PGI2 

2. Vitamin E Synergistic to GLA Protects PGI2, improve capillary permeability 
3. Niacin Improve blood circulation, expand capillaries Participates in glucose metabolism & in nervous 

system 
4. Taurine Dec. TNFα over expression Increase insulin sensitivity 

 
 


