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Abstract

Original Article

Introduction

Of the various types of micro‑  and macrocomplications 
associated with diabetes, the most common and serious 
complication is the nerve damage characterized by numbness 
in hands and feet, effecting the proper functioning of organs 
such as kidney and heart to complete paralysis of body.[1] 
These series of neurological conditions are referred to as 
diabetic neuropathy  (DN). There are four most common 
types of DN, namely peripheral neuropathy  (PN) also 
known as distal neuropathy, autonomous neuropathy  (AN), 
proximal neuropathy also called as diabetic amyotrophy or 
radiculoplexus neuropathy, and mononeuropathy (MN) also 
called as focal neuropathy. There are other types of DN, 
which are less common, such as chronic sensorimotor Distal 
Polyneuropathy (DPN) and amyotrophic neuropathy.[2]

The most commonly recognized is the PN, with effecting 
over 50% of patients suffering with diabetes including Type I and 
II. PN is defined as peripheral nerve dysfunction in type 2 diabetic 
patients. PN is most commonly characterized by localizing 
where nerve is damaged. The neuropathy depends on length 
and is diffused that type of PN is then called as distal symmetric 

polyneuropathy.[3] The symmetrical neuropathies include acute 
sensory neuropathy, DPN, and autonomic neuropathy. The 
most common is DPN.[4] Diabetes and DN are related and are 
grouped into two categories, i.e., the focal or diffuse neuropathy, 
which is caused due to damage by diabetes. It is characterized 
by damage to three of nerve fibers, i.e., peripheral somatic or 
autonomic nerve fibers. The focal neuropathy refers to damage 
caused either to single nerve or mononeuropathy and multiple 
peripheral nerves or mononeuropathy multiplex, cranial nerves, 
regions of the brachial or lumbosacral plexuses (plexopathy), or 
the nerve roots (radiculopathy). The diabetic nerves also have 
increased susceptibility to compression. The most common 
cranial neuropathy affects the third nerve, producing unilateral 
headache, diplopia, and ptosis with papillary sparing (diabetic 
ophthalmoplegia).

Objective: Diabetic neuropathy (DN) is a microvascular complication of diabetes that arises due to damage to nerves. It arises due to 
hyperglycemia and the pathways that it follows are most commonly initiated by reactive oxygen species‑induced oxidative stress. Methodology: 
There are various growth factors and receptors involved in the process, and the usual understanding of its origin is rather unclear. Until now, 
no absolute cure exists for the treatment of DN; however, there are a lot of pharmacological and nonpharmacological treatment options that 
are recommended and can help to ease the pain associated with DN. This paper reviews these options that are divided into broad categories of 
pharmacological and nonpharmacological treatment options. Results: The pharmacological treatment options include the use of natural plants 
with antioxidant and anti‑inflammatory potential, thymosin, Pregabalin, duloxetine, anticonvulsants, and antinociceptive agents. Conclusions: 
Whereas, the nonpharmacological treatments suggest the surgery, supplements, acupuncture, exercises such as yoga, and transcutaneous 
electrical nerve stimulation therapy. Both of these can help patients, especially if consider collectively.
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The risk of developing the DN increases with progressive 
age and for the period of time the patient is suffering from 
diabetes. The diabetic neuropathic pain starts usually during 
early diagnosis or prediabetes.[5] Furthermore, an elevated 
blood pressure, an increased level of cholesterol poor oral 
health,[6] sleep deprivation, mental health,[7] depression,[8] 
and likely the hereditary factors can also be categorized as 
risk factors for developing DPN.[9]  Although the neuropathy 
increases the duration of diabetes, PN is not always associated 
with diabetes. The Rochester DN Study reported that one‑tenth 
of patients with DM had neurologic deficits unrelated to the 
disease.[10] The unhealthy nutrition and adopting inactive style 
aids in dysbiosis and chronic systemic inflammation, and there 
is adequate research suggesting it to be the contributing factor 
in the development of prediabetes, diabetes, and metabolic 
syndrome‑associated neuropathies.[11] Bladder function is 
common in patients with DN.[12] Alcohol intake can alter 
the intake and absorption of various minerals, nutrients, 
and especially vitamins such as lack of riboflavin (Vitamin 
B2), niacin (Vitamin B3), pyridoxine (Vitamin B6), folate 
(Vitamin B9), cobalamin (Vitamin B12) found to be associated 
with neuropathy.[13] High dose of thiamine (Vitamin B1) can 
decrease the oxidative stress‑induced hyperglycemia in rats 
by inhibiting hepatic ADP ribosylation.[14]

The blood sugar level needs to be well controlled or else 
constant elevated sugar level can lead to various severe 
complications such as permanent blindness, kidney failure, 
lower limb amputation, and other long‑established harmful 
effects that disturb the well‑being of an individual. In chronic 
condition, the kidneys can be effected by diabetes causing 
diabetic kidney disease. According to one report, 44% of 
all new cases of kidney failure requiring renal replacement 
therapy were caused by diabetes mellitus.[15] This nephropathy 
is due to the fact that diabetes activates renin-angiotensin-
aldosterone system (RAAS) directly, which increases the 
pressure state inside glomerulus. This results in mesangial 
expansion resulting in cell damage that responds by producing 
cytokines that produce inflammation, the generation of 
Reactive Oxygen Species (ROS) that results in endothelial 
dysfunction. The expansion of mesangial cells affects the 
process of leg podocytes expanding which has 2 effects. The 
first is a decrease in surface area for filtration and the second 
is to cause the filtration system to leak causing larger protein 
molecules to be filtered out of the blood. When the patients 
have severe DM, it can cause decline of excitatory cholinergic 
fibers and neuronal density.[16] Neuropathy, nephropathy, 
and retinopathy all of these are considered as microvascular 
complications of diabetes.[4] Furthermore, diabetes and 
neurodegeneration are strongly related. Hippocampus of the 
brain is effected by diabetes and the research indicates that it 
is damaged by glucose. This gives rise to beta‑amyloid, an end 
product of glycosylation. This is further altered by glucose 
to increase inflammatory predisposition in the brain, making 
it a major concern in diseases such as Alzheimer’s diseases. 
Diabetic patients are also at risk of getting a stroke or prone to 

other neurodegenerative diseases. Seeking professional help 
from health‑care professionals could relieve the pain and it’s 
associated and related.[17,18]

This review is an effort to follow the works that are already 
documented[19,20] and exploring it further with recent literature. 
There are some reviews which focused particularly on drugs 
such duloxetine,[21] pregabalin, or tricyclic antidepressants 
(TCAs)[22,23] and their effect in the management of pain.[24] 
Griebeler et al. proved the analgesic as an effective measure 
using systematic meta‑analysis of a number of reviews.[25] 
Quattrini and Tesfaye analyzed the different types of instruments 
that are used for the assessment of neuropathic pain.[26] Some 
researchers on the other hand discussed pathophysiology and 
epidemiology of DN pain.[27] Robust meta‑analysis of all the 
pharmacological and nonpharmacological treatment options 
is not found in abundance.[28,29] The use of nanoparticle for 
pharmacological treatment is also abundantly utilized.[30,31] This 
review is an attempt to summarize all these methodologies in 
one place.

Pathophysiology of Diabetic Neuropathy

The origin of DPN is not widely understood but is believed to 
influence multiple pathways and activate ROS species, causing 
oxidative stress.[32] This causes the release of cytokinesis which 
in turn results in inflammation and elicits a sensation of pain.

The pathways involved in pathophysiological diabetic 
neuropathic pain are all related to metabolic conditions and / or 
cell redox.[33,34] This metabolic pathway is a polyol pathway with 
a model that explains the possible developments performed by 
the final model of glycosylation products and oxidative stress 
theory. One of these pathways is the sorbitol-aldose reductase 
(AR) pathway, also known as the polyol pathway. This is a 
two‑step process where glucose is first converted to sorbitol by 
AR and then to fructose sorbitol dehydrogenase.[35,36] Targeting 
this pathway by inhibiting metabolic reflux is likely to be 
beneficial in treating DPN.[37] The way polyol pathway works 
is that it results in the increase of sugar alcohol compound such 
as sorbitol. This increase causes a decline in the activity of Na⁺/
K⁺‑ATPase also known as the Na⁺/K⁺ pump. This is followed by 
building up of axonal sodium. These processes eventually will 
cause structural damage and damage to axoplasmic transport. 
Due to the fatal increase in glucose levels, the product is 
produced from the process of glycosylation and glycation of 
free amino groups occurs on proteins, lipids, and nucleic acids. 
Basement membrane endothelial cells lose its functionality 
upon glycosylation, declining vasodilation and elevating 
macrophages and inflammatory cytokines. ROS is produced 
when the level of nitric oxide is reduced due to structural 
damage caused by glycosylation. These can cause cell death 
and damage, which subsequently disturbs the vasodilation 
of microvascular perfusion, resulting in severe deficiency of 
blood supply to the damaged region.[38]

Other pathways that are involved are the hexosamine pathways.
[39] The protein kinase C pathway, which refers to a group of 
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12 isoenzymes that bind diacylglycerol.  Elevated level of 
diacylglycerol is associated with increased glucose level. 
DN arises from activation of this pathway by the synthesis 
of diacylglycerol from glycolytic intermediates.[40] Inhibitor 
of this pathway can improve Na+, K+, and ATPase activity as 
well as improve the nerve conduction velocity and neuronal 
blood flow, thus beneficial in treating DN.[41] The final pathway 
of advanced glycation products results in an increase in the 
amount of glycation and its accumulation in plasma proteins 
alters cellular signaling and enzyme activity that gives rise to 
diabetic complications such as DN.[42] These advanced glycated 
end products are found in peripheral nerves of patients with 
diabetes, and targeting generation and degeneration is found 
to be effective in controlling DN.[43,44] Polymerase pathways 
(ADP - ribose) (PARP), pathways followed by increased ROS 
species that cause oxidative stress and apoptosis -induced along 
with inflammation are also some of the common pathways 
recommended for DN.[45] This pathway individually is not very 
dangerous but when working collectively will develop a state 
of imbalance in the cell powerhouse and this alters the redox 
state of the cell resulting in the production of ROS species. 
An elevated level of ROS causes activation of the PARP 
pathway, which regulates the expression of genes involved in 
promoting inflammatory reactions and neuronal dysfunction. 
Decreased nutrients to the neuronal brain or neuronal ischemia 
and decreased blood flow due to a narrowing known as 
neurovascular flow are both of these conditions caused by 
high glucose levels in the blood and are responsible for DN.

Brain‑derived neurotropic factor  (BDNF) binds to TrkB 
receptors in the neuron to form a complex, which causes 
the tyrosine residue formation and the phosphorylation of 
TrkB. BDNF is believed to be involved in changing the 
plasticity of spinal neural pathway and is the center for 
pathological pain. The downstream regulatory element 
antagonist modulator  (DREAM) protein is involved in the 
pain process, which inhibits the expression of prodynorphin 
gene. A  group of researchers proved that mice that are 
deficient in this DREAM protein show reduce analgesia in 
several thermal, mechanical, chemical, or visceral pain. It 
also shows an increase in spinal prodynorphin mRNA, which 
is thought to be responsible for this reduced thermal behavior 
of mice. The involvement of DREAM protein in the DNP is 
yet to be researched further to understand it more properly. 
Some evidence suggest the involvement of linked microglia 
and other nonneuronal cells in the development of DNP. 
Activation of these microglia releases neuromodulators and 
cytokinesis to develop DNP. An experiment was performed 
in which a microglial activation inhibitor, minocycline was 
given to diabetic rats with DPN. Rats that are hyperglycemic 
showed increased tactile allodynia and nociceptive behavior. 
These were complemented by increased expression of spinal 
OX‑42, BDNF, and DREAM protein levels. Administration 
of minocycline decreased tactile allodynia and nociceptive 
behavior. It also inhibited the diabetic‑induced increase in 
spinal expressions of OX‑42, BDNF, and DREAM proteins. 

Thus, minocycline could decrease DNP by controlling spinal 
BDNF and DREAM protein expressions.[46]

Nociceptors are those receptors located at the free nerve endings 
of unmyelinated C fibers and lightly myelinated Ad fibers that 
are associated with neuropathic pain;[47] these are activated by 
different stimuli such as mechanical, thermal, or chemical. 
One of the forms of these receptors known a mechanosensitive 
nociceptor is activated by mechanical pressure and stress. 
Neuropathic pain is also associated with lipid metabolites 
release like lysophosphatidic acid  (LPA), which occurs 
when the tissue is damaged. These lysophosphatidylcholine 
acts by coupling its receptors with G protein. Release of 
proinflammatory cytokines and inflammatory mediators 
promotes the hyperalgesia and allodynia along changing 
intracellular signaling, which is observed in neuropathic pain. 
The pain experience is promoted by secondary messengers and 
nitric oxide signaling pathways.[48] It is believed that LPA1 
and LPA3 are specifically involved in the pain promotion due 
to DN.[49]

Diabetic Peripheral Neuropathy Treatments

They are classified under two major categories that include the 
most commonly prescribed pharmacological pathway using 
drugs and the use of nonpharmacological treatment options 
such as exercise, therapies, and ancient Chinese therapies 
such as acupuncture.

Pharmacological treatments
There are a variety of the most recommended and 
commonly used medications for DNP including the use of 
Hydroxychloroquine [50,51] or intravenous infusion of lidocaine.
[52,53] and phenytoin[54] were highly preferred treatments in the 
past, with the emergence of seizures as a popular treatment 
option two decades ago.[55] Currently, the use of antagonists 
and analgesics explored using target receptors[56.57] such as 
metamizole[58] is more common.

Phytotherapy
Natural secondary metabolites such as flavonoids,[59] 
terpenoids, and alkaloids have diverse biological applications 
including in the management of neuropathic pain by acting as 
an antioxidant agent.[60] These modify the activity of protein 
kinase C, by modulating the central nervous system (CNS) 
neurotransmitter systems, which helps in the modulation of 
neuropathic pain. The proposed therapies for the neuropathic 
management are inadequate and have shown less effectiveness 
with more severe side effects, making it as debating and well 
researched topic among scientists. Natural products (NPs) or 
their secondary metabolites pose less side effects and more 
effectiveness while reliving neuropathic pain.[48,61] Oral herbal 
medications are suggested as a possible treatment options to 
lower blood glucose level and relieve diabetes associated 
complication.[62‑64]

The major complication that diabetic patients with 
hyperglycemia face is the microvascular complication. This 
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complication arises from the increase in ROS species is 
experience with hyperglycemia. An experiment was performed 
on albino diabetic rats in which methanolic extracts of two 
plants Allium cepa and Allium sativum by acting as prescribed 
antioxidant agents were given to rats in a dose -dependent 
manner to determine its effect on DN, after hyperalgesia and 
oxidative stress marker trials were evaluated and shown that 
diabetic -induced rats reduced thermal hyperalgesia with 
weight maintained and decreased plasma glucose levels were 
shown. Thus, the extract of outer scales of onion because of the 
greater phenolic component showed significant improvement 
and can be used as a treatment option.[65] Rosmarinus officinalis 
commonly known as rosemary is a medicinal herb that is 
high in antioxidants and shows various biological activities. 
Antinociceptive and neuroprotective effects of leaf extract 
were evaluated in the model of DU pain. The study was 
performed on animal models where diabetes was induced 
in rats by administered of single intraperitoneal injection of 
streptozotocin (STZ). The leaves were shade dried, powdered, 
extracted, and concentrated to dryness, which was then freeze 
dried. The plant contains phytochemical constituents such as 
carnosol, rosmanol, carnosic acid, methyl carnosate, caffeic 
acid, and rosmarinic acid. HPLC of the extract was performed 
which determined 4.5% rosmarinic acid as the main phenolic 
compound of the extract. Control group received citrate 
buffer injection. Serum glucose concentrations using glucose 
oxidase–peroxidase assay confirmed the diabetes in rats. 
≥250 mg/dl glucose level indicated diabetic rats. The diabetic 
rats were given the RE or saline once every day through 
oral gavage for 3 weeks. CO2 anesthesia was used to kill the 
rats at the end of 4 weeks past the STZ injection. The result 
indicated that the reduction of level of biochemical markers 
of apoptosis, caspase‑3, and Bax:Bcl‑2 ratio, which was 
activated during diabetes. The suppression of these markers 
results in decreased cell toxicity of hyperglycemia. Decrease 
of Bax expression reduced hyperglycemia, whereas caspase‑3 
inhibition reduces neuropathic pain. Other side effects of 
high glucose levels include motor deficit and neuropathic 
pain, inflammation is also reduced by the extract. Diabetes 
is associated with oxidative stress that causes apoptosis, 
rosmarinic acid into flavonoids have antioxidant potential 
to reduce this stress.[66] Another plant Salvia libanotica is a 
traditional antidiabetic plant rich in phenolic compounds.[67] 
The root extract was used on diabetic mice with induced DNP 
and its effect to thermal latency was measured with common 
tail flick and hotplate method. Treatment of mice with the 
extract showed significant improvement with hyperalgesic 
response in thermal tests, the hot plate latency was also 
improved by 8  week from 29.3%–36.6% for all doses of 
extract, and this latency was further improved to 61.6% after 
8 weeks. Thus, it is demonstrated that dose-dependent SLF 
extract enhances peripheral nerve function as well as catalase 
activity and hyperglycemia in diabetic rats demonstrating its 
effectiveness. It alleviates hyperalgesia in pain conditions and 
can provide clinicians promising drugs for the management of 
the symptoms of DN.[68]

Deguelin is a natural rotenoid s suggested to possess 
antidiabetic properties by acting as a natural antioxidant 
agent. DN was induced nu the use pf streptozotocin, and the 
mice were treated with deguelin for 14 days. After the end of 
experiment, it was proved that it majorly inhibited mechanical 
and thermal hyperalgesia, as well as cold allodynia. It also 
improved the nerve conduction velocity in the DN rats, which 
is beneficial in controlling neuropathic pain. The expression 
level of caspase‑3 was decreased, and an elevated sodium, 
potassium, and ATPase activity was observed in sciatic nerves. 
Hyperglycemia is managed with a decrease in increased 
glucose levels achieved with the use of deguelin. This in turn 
reduces oxidative stress and neuritis, and increases levels of 
H2S, nuclear respiratory factor 2 and heme oxygenase - 1. 
Thus, deguelin can be effective against the DN; however, 
further clinical studies need to be conducted to be sure.[69]

Curcuma caesia extract, locally known as black turmeric, is an 
herb belonged to the family Zingiberaceae. The in vitro assay 
of the methanolic extract of Curcuma caesia was also found 
to be effective against type 2 diabetes against yeast cell.[70] It 
has a smooth muscle relaxant property and anti‑inflammatory 
activity with an ability to reduce oxidative stress and acts as 
potential chemoprotective and DN agent.[71]

Painful diabetic peripheral neuropathy  (DPN) may be 
associated with low Vitamin D levels.[72] DN is associated with 
subclinical inflammation. Hyperglycemia activates cytokines, 
DPN shows increased levels of cytokine proinflammatory 
mediators.[73]

Death of neuron and cognitive decline that is most commonly 
present with diabetes is reduced with apigenin by decreasing 
the level of ROS and nitric oxide synthase. It is a phenol‑rich 
compound present in plants such as celery thyme and parsley. 
It shows antioxidant activity by suppressing ROS level. 
A study was performed to determine its effect on peripheral 
nerve degeneration. It was shown that has a neuroprotective 
effect against peripheral nerve degeneration according to four 
key phenotypes: axonal degradation, myelin fragmentation, 
transdedifferentiation, and proliferation of Schwann cells via 
Krox20‑ and extracellular signal‑regulated kinase‑independent 
processes. This allows the scientists to suggest it as a treatment 
option for peripheral neurodegenerative diseases.[74]

Curcumin has also been reported to reduces blood glucose and 
glycosylated hemoglobin levels and prevented weight loss 
with its effective against DN.[75] The alkaloid‑rich fraction of 
the herb coronaria and its consistent glaucine may be used for 
DNP in the future as it has shown promising antihyperglycemic 
and antinociceptive potential.[76] Naturally obtained hybrid 
molecules that are synthesized when active compounds of 
these natural plants are conjugated together. These hybrid 
molecules are a novel and effective approach used to treat a 
lot of diseases including diabetes complications.[77]

Thymosin β4
As shown in Table 1, Thymosin β4 (Tβ4) is a protein with 
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anti‑inflammatory activity and neurons recovery efficiency 
induced by diabetes during PN. Dysregulated microRNA 
assembly, which among other serious complications also 
causes inflammation and is a cause of DN. miR - 146a 
regulates IRAQ1, tumor necrosis protein -adapting factor 
6 and kappa Nuclear Factor - light -chain activated B cell 
enhancer and transcription factor; Nuclear factor kappa - light 
chain - activated B cell enhancer. The activation of NFkB 
downregulates proinflammatory mediators and suppresses 
the TRAF6 communicate to the cells of spinal cord, which 
reduces the neuropathic pain. An animal model proved that 
administration of miR‑146a reduces the DPN. It does so 
by upregulating the Tβ4 and stimulates oligodendrocyte 
differentiation by repression of pathways that aid the 
inflammation. It was found by RT - PCR, hyperglycemic mice 
reduced miR - 146a expression and this was reversed with Tβ4 
treatment. DPN treatment with Tβ4 enhances the neurovascular 
remodeling, which benefits the loss of neurological functions. 
miR‑146a may facilitate the beneficial effects of Tβ4 by 
suppressing proinflammatory mediators.[82]

Tau proteins are the proteins that stabilize the microtubules 
of cytoplasm and are abundantly present in neurons of 
CNS. The hyperphosphorylation of this protein causes 
neurodegeneration disorders. Glycemic variability  (GV) is 
also thought to induce DN through the same mechanism by 
inhibiting Akt cell signaling and GSK3Beta. GV also induces 
DPN through oxidative stress and apoptosis in neurilemma 
cell, which causes inflammation by activating NF‑kB pathway. 
An experiment on diabetic rats was conducted to determine 
the effect of GV on DN. Nevers of both CNS and peripherical 
nervous system are damaged during diabetes, which is 
characterized by progressive cognition impairment, dementia, 
and Alzheimer’s.[45] During diabetes, the neuronal damage 
induced by oxidative stress and apoptosis of hippocampus 
occur, which is a cognitive organ. GV disrupts hyperglycemia 
by promoting the hyperphosphorylation of Tau protein and 
effects the cognitive function in rats.[83]

Antiepileptic medicine
Cutaneous diabetic microangiopathy is associated with 
impaired vascular endothelial growth factor  (VEGF)‑A 
expression in patients with type  2 diabetes. Epidermal 
VEGF‑A confirms that VEGF‑A expression significantly 
decreases in patients with diabetes with neuropathy compared 
to subjects without diabetes.[84] The chances of developing 
painful DN increase with hyperglycemia, the longer duration 
of period the patient has diabetes, and sedentary lifestyle of 
an individual.[85,86] One of the suggested treatment options to 
consider that is clinically recognized is the administration 
of pregabalin. It relives pain and inflammation commonly 
experienced in DN. It decreases the sensation of pain by 
binging strongly to alpha‑2‑delta subunit of voltage‑gated 
calcium channels at the presynaptic terminals.[87]

Anticonvulsants
Gabapentin reduces DN pain in DPN to a significant number 

in 50% in large population of patients. It is similar in chemical 
structure to that of pregabalin, but it has sixfold higher affinity for 
receptor binding and therefore more effective in reducing the pain 
from DPN.[38] Animal model r shows that the use of retigabine 
(ezogabine) activates voltage -gated potassium channels. The 
analgesic effect of the antiallodynic (anticonvulsant) retigabine 
was reversed when blockers of channels were used. Voltage‑gated 
potassium channels are in the process and the drugs designed 
to target these channels can be effective in treating DPNP.[88] A 
study performed showed that activation of Kv7 channels can 
be reversed with retigabine, an activator of these channel, in a 
dose‑dependent manner and this helps reduce the DPN; thus, 
targeting activation of kv7 activation channel can be effective. 
These voltage‑gated potassium channels are considered to be 
involved in majority of the diabetic peripheral neuropathy (DPN) 
associated with diabetes.[89]

The role of hGAT1 has long been known to be involved in 
the mechanism of NP, and the use of GAT1 is known to be 
effective in controlling pain. The analgesic action of TGB 
which works on a similar mechanism by inhibiting GAT1 
was studied in a rat model by inducing them to use DPN 
using STZ and standard oxaliplatin. It was found that it works 
on GABAergic system by making GABA more available at 
synaptic loci. Thus, TGB can also be used as a clinical trail 
medicine for controlling neuropathic pain.[90] A group of three 
compounds of 3,3‑diphenyl‑propionamides previously known 
to possess anticonvulsant agent was checked for its analgesic 
action. A rat model of acute pain that is a hot plate was used to 
determine its antinociceptive activity. The result suggested that 
two of these three compounds JOA 122 and JOA 123 showed 
significant antinociceptive activity in the mode of tonic pain 
when tested in neuropathic model using mouse induced with 
DN using STZ‑induced PN and formalin test using oxaliplatin. 
These compounds are thought to act via voltage‑gated sodium 
channels (Nav1.2) to which it shows high affinity.[91] Another 
study showed that the painful DN can be improved using 
duloxetine and venlafaxine, pregabalin and oxcarbazepine, 
TCAs, atypical opioids, and botulinum toxin.[92] Reducing 
the production of Chondroitin Sulfate genetically suppresses 
apoptosis signals and controls the development of diabetes 
-associated neuropathy.[93]

The use of anticonvulsant such as pregabalin to control DPN 
has also been suggested and the clinical data demonstrated 
that the use of more than 300 mg/day have proven effective 
in some patients and therefore approved as a monotherapy for 
DPN. Opioid use, lidocaine patches and capsaicin creams are 
also recommended but there are not enough clinical trials to 
support them.[94]

A study was performed on randomly categorized 457 patients 
suffering with diabetes into placebo and duloxetine drug group 
to determine the effect of drug in its inhibition of neuropathic 
pain. The results showed a significant decrease in pain score 
of 50% with <20% discontinuation of medication due to drug 
-related complications and side effects. It is the reabsorption 
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of serotonin and norepinephrine (5HT and NE) and this double 
inhibition makes it an effective pain reliever in DPN. Effective 
dosing duloxetine can be considered a useful drug for treating 
pain, inflammation, and mostly pain in the DN.[95]

Antinociceptive
Docosahexaenoic acid is a polyunsaturated fatty acid 
which shows antinociceptive effect by oral administration 
of mice; it also shows antiallodynic effect with preventive 
thermal hyperalgesia mechanism adopted in a STZ‑induced 
neuropathic pain model. It decreased the excitability of 
dorsal root ganglion neurons by decreasing sodium and 
increasing potassium currents. Female Wister rats caused 
diabetes by injecting STZ, hyperalgesia and tactile allodynia 
test performed. Ipsilateral local peripheral administration 
of DHA produced a dose‑dependent antihyperalgesic effect 
on formalin‑induced hyperalgesia. A  maximum effect was 
observed for 562 µg/paw of DHA and 1000 µg/paw of 
gabapentin Peripheral administration of DHA or gabapentin 
exhibited an antihyperalgesic effect against thermal‑induced 
hyperalgesia. After 14 weeks, the diabetic and nondiabetic rats 
were compared and tactile allodynia was induced. DHA and 
gabapentin were introduced which attenuated tactile allodynia. 
The local administration of DHA reverted the hyperalgesia 
and allodynia in neuropathic pain in SID rats. The µ and δ 
receptors are involved in the antihyperalgesic effect of DHA in 
neuropathic pain induced in diabetic rats. This effect is likely 
due to a purely local peripheral action.[96]

Metformin is used as an antidiabetic drug for type 2 diabetes 
and shows hypoglycemic activity. Mice were given metformin 
and exposed to a hot plate to measure its increased latency for 
the nociceptive response. Injured sciatic nerve and mechanical 
allodynia appeared only after one day, The therapeutic effect 
was observed after eight days of surgery, and it was found 
that three doses of metformin weakened the mechanical 
allodynia caused by chronic narrowing injury. Another similar 
experiment proved that metformin treated in high doses of 
PWT increased significantly compared to the control group. 
The antinociceptive activity of metformin can be facilitated 
by activation of opioidergic pathway. It, however, should be 
further investigated aiming its repositioning in the treatment 
of patients with different painful conditions.[97]

Tricyclic antidepressant drugs
TCAs or γ‑aminobutyric acid (GABA) analogs are the most 
common treatments used for the treatment of neuropathic pain. 
They are used for decades and found to be effective in treating 
diabetic neuropathic pain.[98] There are few reports regarding its 
ability to increase the risk of falling down or fracture in older 
patients suffering with type 2 diabetes having DNP.[99] Despite 
these contradictory reports, it is widely used for the treatment 
of neuropathic pain. Antidepressants and antiepileptic 
drugs inhibit the ion channels and its neurotransmitter as a 
mechanism to contract the pain developed.

High doses of non-selective anti-inflammatory COX inhibitors 
such as nonsteroidal anti-inflammatory drugs have adverse 

side effects while selective COX-2 inhibitor drugs such as 
celecoxib (Celebrex) however have fewer side effects. Vioxx 
increases the risk of heart attack and was shortly banned 
after its production in the market. When the peripheral nerve 
is damaged or compressed, an ideal drug stabilizes as well 
prevents the progression of central sensitization to pain. 
Antidepressants and antiepileptic are those drugs that work 
by blocking the ion channel and thus the transmission of pain. 
These drugs, however, are not without side effects and effect 
the nervous system in one or other way.

Electric current is produced by nerves and muscles, the speed 
of this current down the nerve activates the muscle. Julius 
Bernstein called this as action potential. This action potential 
generates depolarizes and nerve self‑propagate. It occurs 
because the nerve fiber is electrically charged with the outer 
surface of the nerve fiber positive compared to the inner surface 
and this supports self -propagation.  Nerves have ions and 
these ions move through selective ion channels embedded in 
the membrane. These ion channels are closed while the axons 
are at rest, but when the action potential arrives through the 
nerve cell body, this causes voltage changes and these channels 
like sodium and potassium are voltage gated. The difference in 
potential opens up the sodium channel allowing the charged 
sodium to move through into the nerve fiber and this causes 
the membrane potential to change from negative to positive. 
This positive potential causes the sodium gates to close and 
opens the potassium channels allowing positive potassium 
ions to flow down the nerve making membrane potential to a 
negative. The ion channel proteins also work alongside these 
gates to maintain the concentration of these ions at a hemostasis 
level by pumping the sodium ions out and potassium into the 
nerve. A high concentration of potassium ions inside the axon 
and a high concentration of sodium ions outside the axon is 
maintained by these proteins.

When a nerve is damaged, the concentration of these ion 
channels increases in the damaged area of the finer nerve 
and it alters the depolarization characteristics of these fibers. 
Therefore, medications that target this channel such as 
seizure medications and antidepressants are commonly used 
for the treatment of neuropathic pain. The neurotransmitter 
acetylcholine targets muscle cell membrane receptors. The 
transmission can be a fast electrical or slow chemical 
transmission. There are both excitatory and inhibitory synaptic 
chemical transmission in the brain. The membrane potential 
of the target neuron is reduced by the stimulus emitter and 
increases b. The balance between these two determines whether 
an action in the target neuron will occur or not. The brain 
contains amino acids as stimulus transmitters and glutamate 
because the main inhibitory transmitters are amino acids, 
GABA. The voltage‑gated calcium ions are opened up when 
the action potential reaches the axon terminal allowing the 
calcium ions to flow in the neuron. This releases tiny synaptic 
vesicles filled with neurotransmitter which fuse with the 
surface membrane releasing their neurotransmitter contents 
into the synapse. Receptors such as acetylcholine function 
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with ion channels and activate the second messengers of target 
neurons, activating protein genes. The neurotransmitters hold 
the ability to alter the density of synaptic receptors on the target 
neuron over time. Simple electrical transmissions can carry 
information more diverse and faster through synapses than 
chemical receptors.[100] Calcium voltage gates are reported to 
be involved in DPN. A report suggested the use of pregabalin 
to be effective in relieving the pain and improving the sleep 
more than that of placebo when the drug is administered in 
a dose‑dependent manner.[101] However, it is also reported 
to increase the weight gain, cause dizziness, tiredness, alter 
vision, euphoria, etc.[102] Mirogabalin monobenzone sulfonate 
is an alternative supplement drug for the treatment of painful 
DN. This indicates a binding affinity for the 2 d - 1 and 2 
d - 2 subunits of the voltage -dependent Ca2 + channel and 
a slower separation rate. In a clinical trial, 834 DPN patients 
with type 1 or 2 diabetes and older than 20 years were selected 
for the trial and grouped into the mirogabalin and placebo 
groups. Depending on the dose given to the patient during 
the experiment while the average pain score was assessed at 
the end of the 14th week.The overall result indicated reducing 
the pain and associated sleep interference in patients with 
DPNP.[103] Serotonin-norepinephrine reuptake inhibitors, TCA, 
and gabapentin have also been reported to reduce NUP. Use 
of opioid drugs is associated with the risk of over dosage, 
addiction, and subsequent addiction to it.[104]

Alpha‑lipoic acid and acetyl‑L‑carnitine
Alpha‑lipoic acid and acetyl‑L‑carnitine  (all placebo 
controlled) is a supplement for DN. Alpha‑lipoic acid was more 
effective than placebo for the outcome of pain.[105]

Nonpharmacological treatments
The use of nonpharmacological treatment options is often less 
explored and can be beneficial in relieving diabetic neuropathic 
pain.

Surgical treatment
Surgical treatment such as nerve decompression surgery to 
relieve pain at the nerve root is one of the proven ways to 
reduce DPN pain. One study was performed on participants 
who had type or two diabetes and experienced DN pain. 
Patients who were part of this experiment rated the average 
pain experienced greater than five on the ten-point McGill Pain 
questionnaire and the total neuropathy score value was greater 
than or equal to 2 for the visual analog item.  Intervention 
group underwent surgery procedure where decompression 
of the common peroneal, tibial, and deep peroneal nerves 
was performed. Control group received usual care. Patients 
included in both control and groups were checked after three, 
six, and then after 12 months. The group that performed the 
surgery reported an improvement that was threefold more than 
that of control group. Thus, the use of surgical procedure for 
the betterment of DPN to decompress lower limb nerves can 
be used as a treatment option.[106]

Hemoglobin HbA1c glycation occurs when blood glucose 
rises and attaches to hemoglobin, DPN in diabetes 2 and its 

association with increased glycemic levels and HbA1c requires 
optimization to control neuropathy. Trans -renal pancreas 
(SPK), an insulin -providing agent can normalize HbA1c but 
it is often accompanied by hypoglycemia in patients with type 
2 diabetes. The normalized HbA1c levels and its relation with 
retinopathy and nephropathy in patients with poorly controlled 
type  2 diabetes were investigated using 671  patients with 
hyperglycemia.[107]

Supplement
Folic acid supplement shows protective effect against diabetic 
peripheral neuropathy in rats. A study was conducted in 
which over a period of 16 weeks 38 patients suffering from 
DPN were given | temporary folic acid supplementation 37 
was characterized as a placebo group and at the end of the 
experiment the nerve conduction velocity related to folic acid 
and homocysteine concentrations was determined. The result 
indicated that decreased homocysteine was accompanied 
by increased serum levels of folic acid. Nerve conduction 
velocity was highly effected by folic acid intake.[108] The use 
of folate administration along with Vitamin B to patients with 
DN and type 2 diabetes may improve insulin resistance and 
homocysteine (hcy) level.[109]

Diabetic retinopathy (DR) leads to loss of vision and is the 
most commonly associated complication of diabetes. Current 
treatment options include controlling blood pressure and 
glycose level in the blood with constant eye checkup and 
photocoagulation in advance stage. Postsurgery treatment 
usually involves the use of VEGF inhibitors; however, majority 
of patients respond low to these inhibitors. Members of the 
NOX family are associated with ROS production and oxidative 
stress on DR.  This ROS is also responsible for expression of 
VEGF and cytokine, an inflammatory mediator. Hcy, an amino 
acid, is present in high level in the blood of DR and induces 
ROS production. Vitamin B9/folic acid is known to decrease 
hcy accumulation along with downregulation of genes that are 
linked with angiogenesis, inflammation, and oxidative stress in 
a diabetic mouse suffering from type 2 diabetes. It decreased 
retinal thinning and the serum level of hcy.[110]

The daily use of Vitamin B complex that comprises 
nonenzymatic antioxidants such as Vitamin B1, Vitamin B6, 
and Vitamin B12 in the treatment of pediatric patients with 
type 1 diabetes for decreasing the effects of DN has been 
investigated. 80 children were included in the study; they were 
divided into two groups of 40 in each group, with one group 
receiving the complex drug and the other matching placebo. 
Microalbuminuria was observed in all patients from the last 
6 months included in the study, all of whom were Vitamin B 
deficient and had low HSY levels compared with controls. The 
administered drug of Vitamin B complex tablet decreased the 
total cholesterol and triglyceride level and decreased the hcy 
level, cystatin C, and glycose level by decreasing HbA1c.[111]

Increased magnesium level along with low level of Vitamin B6 
is found to be elevated in patients with DN. Lipid peroxidation 
induced by oxidative stress in patients with DN can be treated 
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with antioxidant vitamins. Magnesium with zinc and Vitamin 
E and C was administered to patients suffering from DN 
having type 2 diabetes. The Michigan Neuropathy Screening 
instrument questionnaire determined that the severity of 
DN. Magnesium supplementation with micronutrients did not 
improve the nerve conduction velocity in patients and the low 
dose of Vitamin B group supplementation also had no effect in 
improvement of the symptoms. However, the use of Vitamin C 
and Vitamin E with zinc, magnesium can increase the severity 
in DN patients by reducing oxidative stress.[112]

The use of Vitamin B is, however, not appreciated by 
all studies. One study showed that the use of Vitamin B 
complex (B6, B12, and folic acid) can do more harm in patients 
suffering from both type 1 and 2 diabetes showing symptoms 
of DN. The oral administration of the complex decreased 
hcy level but also decreased the glomerular filtration rate and 
renal function and increased the risk of MI and stroke and was 
found to be associated with renal and vascular toxicity.[113] 
Another study showed that the use of folic acid, Vitamin B6, 
and Vitamin B12 lowers hcy level, but it did not decrease 
the risk of developing the type 2 diabetes among women at 
high risk for CVD.[114] High doses of Vitamin B6 and Vitamin 
B12m can cause an increase in hip fractures in postmenopausal 
women.[115] However, the use of Vitamin C, Vitamin B2, and 
folate has been reported to reduce the risk of developing 
diabetes in Japanese women.[116]

Homocysteine is a by‑product of transmethylation reactions 
and detoxified by methionine synthetase, which is dependent 
on Vitamin B12 and folate as coenzymes for its proper 
function. Low folate and vitamin concentrations reducing 
homocysteine damage are also associated with an increased 
risk of cardiovascular complications.  It acts as an indicator 
in DN. Vitamin B DR and its association with homocysteine 
were determined by clinical trials. The deficiency of B6, 
B12, and folic causes hyperhomocysteinemia; however, 
only B12 deficiency was found to be associated with DR. 
Supplementation of B12 and folic acid can reduce hcy level. 
Lower B12 level increased hcy in DR patients, suggesting it 
as an independent risk factor. It was also found that B12 level 
was significantly lower in DR than DNP.[117]

Endothelial cells, pericytes, and Muller cells are three important 
components of the inner blood–retinal barrier (iBRB), playing 
a key role during the development of DR. Thiamine can 
decrease the progression of retinopathy and the metabolic 
damage caused in microvascular cells due to hyperglycemia. 
Thiamine protects the iBRB from inner stress and apoptosis.

Different types of human cells were exposed to hyperglycemic 
conditions in the presence and absence of thiamine 
supplementation. IntHG elevated the MMP2 and MMP9 
expression and normalized by thiamine in all cell types, 
whereas TIMP‑1 increased in HRP only. The expression 
of angiotensin 2, VEGF, and HIF‑1α in HMEC increased 
when hyperglycemic conditions were provided to cells. 
These expressions were encountered by thiamine. Thiamine 

supplementation can neutralize the damage caused to the nerve 
due to diabetes and can be further investigated for its effect 
as a DN agent.[118]

Acupuncture
A study was performed to analyze the effective of 
electroacupuncture for the treatment of DPN. The study was 
designed to allot the participants into two groups randomly. 
One group received the electroacupuncture with needle 
connected to the electroacupuncture device passing current of 
2 Hz‑120 Hz and 80% of the bearable intensity at different 12 
points. The needle was inserted at the acupuncture point with 
deqi sensation. The placebo group receiving a superficial needle 
(3‑5 mm) was performed without a deqi sensation, creating a 
false motion like rotating the acupuncture at a non-acupuncture 
point matched to each of the actual acupuncture points. The 
needles were connected to the device with similar light and 
sound heard by the participants, but no electric current was 
passed through the needles.[119]

The use of electroacupuncture in treating DPN (in Chinese 
“xiaokezheng”) has proven to be effective. DPN is considered as a 
peripheral nerve injury due to hyperglycemia‑induced oxidative 
stress with endoplasmic reticulum stress  (ERS)‑induced 
apoptosis as the major apoptotic mechanism involved in the 
process. Under the condition of oxygen‑deficient environment, 
entrance of reactive species or disturbance of calcium 
hemostasis, errors in protein folding, and alteration of calcium 
hemostasis will cause an ERS. This ERS can induce apoptosis 
by activating unfolded protein responses, completing signal 
transduction with a combination of 3 types of transmembrane 
proteins (protein kinase R - such as Endoplasmic Reticulum 
Kinase, Inositol Requires Enzyme 1a, Activating Transcription 
Factor - 6 and glucose regulated protein) 78 (GRP78). The 
GRP78 is associated with protein folding and transduction. 
Its overexpression occurs during stress and it stabilizes ER 
and prevents apoptosis. Caspase‑12 of caspase family member 
involves the apoptotic pathway of ER. Acupuncture is long 
known to treat pain and discomfort, which is appreciated 
over Western medicine because of no toxicity. Manual 
twirling, low‑frequency electrical stimulation of the inserted 
needles (electroacupuncture) has found to be effective in DPN 
treatment. GRP78 and caspase‑12 were used as targets to 
investigate the intervention effect and mechanism of “adjusting 
internal organs and dredging channel” electroacupuncture 
act on DPN by immunofluorescence staining technique and 
Western blot technique in STZ‑diabetic rats to elucidate its 
action mechanism. The sciatic nerves of rats were assessed 
for the levels of GRP78 and caspase‑12 after 12  weeks 
of consecutive treatment; electroacupuncture reduced 
pathological injury of sciatic nerves in diabetic rats with 
effectively downregulated GRP78 and caspase‑12 and reduced 
cell apoptosis of sciatic nerves in DPN rats. Electroacupuncture 
treatment improved DPN by downregulating GRP78 and 
caspase‑12 and reducing cell apoptosis of sciatic nerves in 
diabetic rats, further inhibiting the occurrence of endoplasmic 
reticulum stress and thus preventing sciatic nerve injuries.[120]
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Acupuncture for DPN appears to improve symptoms. However, 
the application and type, duration, and time of acupuncture have 
an effect on reduction of pain in DN.[121] One report suggested 
that the use of Japanese acupuncture Kiiko‑Matsumoto 
decreased neuropathy‑associated pain more than those whose 
received traditional Chinese acupuncture technique. However, 
using one of these types still results in an overall decrease in 
pain assessed by the McGill Short Form Pain Score.[122]

Gua Sha
Gua Sha or caogio is a traditional Chinese therapy also known 
as coining. It is often studied for pain relieving technique 
to cure back and neck pain.[123‑126] It involves press stroking 
an area of the body with a smooth‑edged instrument to 
intentionally create transient petechiae and ecchymosis. One 
report suggested its benefit in reliving DN pain. 119 patients 
were selected for the study; they were divided into two groups 
with 60 received the Gua Sha treatment and 59 received the 
normal care. Dropout from both groups was low and did not 
significantly altered the result. The Toronto Clinical Scoring 

System  (TCSS) was used to assess clinical neuropathy. 
Clinical neuropathy was determined using TCSS which 
ranged from a score of 0, indicating no neuropathy and the 
highest score was 19. The performance sensory function was 
used to determine the Vibration Perception Threshold. The 
device used produced vibration amplitudes with the highest 
representing the worse performance of sensory dysfunction. 
The ankle brachial index and fasting plasma glucose were also 
determined for patients with normal values equal to or higher 
than 0.97 and fasting plasma glucose was 3.9-6.1 mmol / L. 
After Gua Sha intervention. There were significant differences 
between the test and control groups. Sha Cave treatment has 
reduced the symptoms of neuropathy and improved sensory 
function. It also decreases peripheral artery disease and was 
effective in controlling the plasma glucose level. It was 
shown that the therapy seems to increase microperfusion 
and produces a response against inflammation and protects 
the immune system by upregulating the heme oxygenase‑1, 
which has both cytoprotective and antinociceptive effects as 
well as anti‑inflammatory and immunoregulatory properties. 
Animal models proved its effectiveness in the treatment of 
DN and it seems to reduce the associated pain symptoms with 
it. Another possible mode of action that is proposed for the 
Gua Sha therapy is that the skin receptors and nociceptors 
may possibly be involved in the meditation effects of Gua 
Sha therapy.[127]

Therapeutic exercises
Moderate exercise is usually recommended for type 2 diabetes 
patients, especially those with DPN symptoms. The amount 
of exercise is essential for proper nerve function. Usually, 3 
sessions a week each ranging between 90 and 180 min has 
proved to be effective. High level of physical activity such 
as exercise enhances the microvascular function in T2DM. 
Balance with combination of resistance exercises has shown 
to be effective in improving the impaired balance that is 
associated with DN and is recommended to be included 
in the exercise regime as a part of therapy.[128] Meditation 
and techniques to relax muscles are found to be effective in 
relieving the pain.[129]

Table 1: Natural compounds effective against diabetic neuropathy pain

Active compounds Mechanism References
Cephalendra indica Inhibition of oxidative stress, AGE’s level in sciatic nerve was also found to be significantly reduced in 

diabetic rats
[78]

Deguelin Deguelin attenuated DN by decreasing oxidative stress and plasma glucose levels via the Nrf2 signaling 
pathway

[69]

SalA SalA protected against DPN by antioxidative stress, attenuating neuroinflammation, and improving 
mitochondrial function via Nrf2

[79]

Naringenin Combination with naringenin attenuated the diabetic condition but also reversed neuropathic pain 
through modulation of oxidative‑nitrosative stress, inflammatory cytokine release and MMP inhibition 
in the diabetic rats

[80]

Quercetin Quercetin alleviate diabetic neuropathic pain by inhibiting mTOR/p70S6K pathway ‑ mediated changes 
of synaptic morphology and synaptic protein levels in spinal dorsal horn neurons of db/db mice

[81]

AGE: Advanced glycated end products, DN: Diabetic neuropathy, Nrf2: Nuclear respiratory factor 2, DPN: Distal polyneuropathy, MMP: Matrix 
metalloproteinases, SalA: Salvianolic acid A, mTOR: Mammalian target of rapamycin, p70S6K: p70 ribosomal protein S6 kinase

Graphical Abstract
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Lifestyle interventions are designed for weight loss intentions 
with a recommended diet and moderate -intensity aerobic 
physical activity. The participants were compared with general 
care group that received general dietary and exercise advice. 
This lifestyle intervention in DN, an improvement in mobility 
and the nerve fiber density, was observed in the group that 
received DN physical activity intervention as compared to 
standard care intervention group.[130]

Transcutaneous electrical nerve stimulation
Recently, TENS has been used to treat DN pain. To study 
the potential for increased leg pain in patients with PF, 
DN, and CN with the use of Trans Cutaneous Magnetic 
Stimulation (TCMS). Of the 17 patients enrolled in this trial, 
14 patients with PF, DN, and CN experienced an increase in 
pain 24 hours after treatment with a single TCMS treatment 
without adverse events. A sham treatment arm and duration 
of response is planned.[131] Simultaneous use of ENS and 
amitriptyline is found to be beneficial in reducing pain in 
DN patients. In another study, the experiment patients were 
treated for approximately 1.7 years with sessions averaging 
34 min and lasting 1.9 times a day. The result indicated that 
about 76% of patients reported great improvement in NP. 
Another study was performed by German scientists where 
19 patients were used as a treatment and that experiment 
also reported positive results.[132]

Controlling hyperglycemia would logically control the DN. 
However, one study suggested its effect to be significant 
in patients with type  1 diabetes and less to no effect on 
type  2  patients. Bariatric surgery and afterward weight 
loss also improved the symptoms of DN, but not enough 
literature is available to establish a relationship between 
the two.[133]

Cognitive behavioral therapy
Cognitive behavioral therapy (CBT) is a phycological treatment 
approach, conducted to study the effect of CBT in DN pain. 
The participants were all over 18 years old and suffering from 
diagnosed type 2 diabetes with reported chronic neuropathic 
pain for at least 3 months. A self‑assessment scale, West Haven 
Yale Multidimensional Pain Inventory (WHYMPI), was used 
to measure the degree of neuropathic pain. The patients were 
randomly sorted into the group of treatment as usual and CBT. 
The 4‑month follow‑up showed that the patients who received 
CBT recorded a lower pain severity as compared to that of 
control and this may be an effective treatment in reducing pain 
that is associated with DNP.[134]

Conclusions

The DN is a common complication experienced with patients 
suffering from diabetes for a longer time. The pain that 
results due this DN is discomforting and effects the quality 
of individual life. There are a number of ways this can be 
relieved; this includes the use of medical plants or more 
followed traditional pharmacological paths that include 
allopathic medicines such as antidepressants, anticonvulsants, 

or antinociceptive agents. Some of these are FDA approved, 
whereas other are in clinical trial. The nonpharmacological 
treatment options are often less discussed and highlighted; 
however, research indicates that it can be effective; this 
includes techniques such as Gua Sha, acupuncture, and 
therapeutic exercises.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Dodda  D, Ciddi  V. Plants used in the management of diabetic 

complications. Indian J Pharm Sci 2014;76:97‑106.
2.	 Herder C, Roden M, Ziegler D. Novel insights into sensorimotor and 

cardiovascular autonomic neuropathy from recent‑onset diabetes and 
population‑based cohorts. Trends Endocrinol Metab 2019;30:286‑98.

3.	 Callaghan BC, Price RS, Feldman EL. Distal symmetric polyneuropathy: 
A review. JAMA 2015;314:2172‑81.

4.	 Pandey  P, Sayyed  U, Tiwari  RK, Siddiqui  MH, Pathak  N, Bajpai  P. 
Hesperidin induces ROS‑mediated apoptosis along with cell cycle 
arrest at G2/M phase in human gall bladder carcinoma. Nutr Cancer 
2019;71:676‑87.

5.	 Calcutt NA. Diabetic neuropathy and neuropathic pain: A (con)fusion of 
pathogenic mechanisms? Pain 2020;161:S65‑86.

6.	 Jivanescu A, Bondor C, Sima D, Vonica C, Cosma DT, Steigmann L, 
et al. (2020). 558-P: Poor Oral Health Predicts Progression of Diabetic 
Neuropathy. Diabetes. 69. 558-P. 10.2337/db20-558-P.

7.	 Naranjo  C, Ortega‑Jiménez P, Del Reguero  L, Moratalla  G, Failde  I. 
Relationship between diabetic neuropathic pain and comorbidity. 
Their impact on pain intensity, diabetes complications and quality of 
life in patients with type‑2 diabetes mellitus. Diabetes Res Clin Pract 
2020;165:108236.

8.	 Davoudi  M, Taheri  AA, Foroughi  AA, Ahmadi  SM, Heshmati  K. 
Effectiveness of acceptance and commitment therapy  (ACT) on 
depression and sleep quality in painful diabetic neuropathy: A 
randomized clinical trial. J Diabetes Metab Disord 2020;19:1081‑8.

9.	 Rosenberger DC, Blechschmidt V, Timmerman H, Wolff A, Treede RD. 
Challenges of neuropathic pain: focus on diabetic neuropathy. J Neural 
Transm (Vienna) 2020;127:589‑624.

10.	 Argoff  CE, Cole  BE, Fishbain  DA, Irving  GA. Diabetic peripheral 
neuropathic pain: clinical and quality‑of‑life issues. Mayo Clin Proc 
2006;81:S3‑11.

11.	 Rowin  J. Integrative neuromuscular medicine: Neuropathy 
and neuropathic pain: Consider the alternatives. Muscle Nerve 
2019;60:124‑36.

12.	 Vonica C, Bondor C, Sima D, Cosma DT, Veresiu LA, Gavan N, et al.  
(2020). 547-P: Associations between Bladder Symptoms and Diabetic 
Neuropathy in a Romanian Cohort of Patients with Diabetes. Diabetes. 
69. 547-P. 10.2337/db20-547-P.

13.	 Koike H. Myelopathy and neuropathy associated with alcoholism. In: 
Neuroscience of Alcohol. London: Elsevier; 2019. p. 195‑205.

14.	 Kohda, Yuka, Junpei Ueda, Rie Azuma, Yuuka Nakatani, Hiroto 
Murase, Kanta Matsui, Yuka Takezoe, Eiko Nagata, Risa Matsui, 
Takao Tanaka and Hitoshi Matsumura. “Thiamine supplementation 
modulates oxidative stress by inhibiting hepatic adenosine diphosphate 
(ADP)-ribosylation in obese diabetic rats.” Fundamental Toxicological 
Sciences 6 (2019):1-8.

15.	 Bouhairie  VE, McGill  JB. Diabetic kidney disease. Mo Med 
2016;113:390‑4.

16.	 Brasileiro  AD, Garcia  LP, de Carvalho da Silva  S, Rocha  LB, 
Pedrosa AL, Vieira AS, et al. Effects of diabetes mellitus on myenteric 
neuronal density and sodium channel expression in the rat ileum. Brain 
Res 2019;1708:1‑9.

17.	 Verdile  G, Fuller  SJ, Martins  RN. The role of type  2 diabetes in 



Munir: Possible pharmacological and nonpharmacological treatments for diabetic polyneuropathy

Matrix Science Pharma  ¦  Volume 5  ¦  Issue 2  ¦  April-June 2021 33

neurodegeneration. Neurobiol Dis 2015;84:22‑38.
18.	 Bharadwaj P, Wijesekara N, Liyanapathirana M, Newsholme P, Ittner L, 

Fraser P, et al. The link between type 2 diabetes and neurodegeneration: 
Roles for amyloid‑β, amylin, and tau proteins. J  Alzheimers Dis 
2017;59:421‑32.

19.	 Javed  S, Petropoulos  IN, Alam  U, Malik  RA. Treatment of painful 
diabetic neuropathy. Ther Adv Chronic Dis 2015;6:15‑28.

20.	 Spruce MC, Potter J, Coppini DV. The pathogenesis and management of 
painful diabetic neuropathy: A review. Diabet Med 2003;20:88‑98.

21.	 Sultan A, Gaskell H, Derry S, Moore RA. Duloxetine for painful diabetic 
neuropathy and fibromyalgia pain: Systematic review of randomised 
trials. BMC Neurol 2008;8:29.

22.	 Ziegler  D, Fonseca  V. From guideline to patient: A  review of recent 
recommendations for pharmacotherapy of painful diabetic neuropathy. 
J Diabetes Complications 2015;29:146‑56.

23.	 Wong MC, Chung JW, Wong TK. Effects of treatments for symptoms of 
painful diabetic neuropathy: Systematic review. BMJ 2007;335:87.

24.	 Huizinga  MM, Peltier  A. Painful diabetic neuropathy: 
A management‑centered review. Clin Diabetes 2007;25:6‑15.

25.	 Griebeler  ML, Morey‑Vargas  OL, Brito  JP, Tsapas  A, Wang  Z, 
Carranza Leon  BG, et  al. Pharmacologic interventions for painful 
diabetic neuropathy: An umbrella systematic review and comparative 
effectiveness network meta‑analysis. Ann Intern Med 2014;161:639‑49.

26.	 Quattrini  C, Tesfaye  S. Understanding the impact of painful diabetic 
neuropathy. Diabetes Metab Res Rev 2003;19 Suppl 1:S2‑8.

27.	 Benbow  SJ, Cossins  L, MacFarlane  IA. Painful diabetic neuropathy. 
Diabet Med 1999;16:632‑44.

28.	 Munir S, Ahmad S, Gul A. A Holistic View of the Biology of Pancreatic 
Cancer and Targeted Therapeutic Approaches to Treat the Cancer. 
Preprints 2021, 2021020107 10.20944/preprints202102.0107.v1.

29.	 Munir, S. Sources of ROS Species an Its Harmful and Benefical 
Effects on Human Health. Preprints 2021, 2021010606 (doi: 10.20944/
preprints202101.0606.v1).

30.	 Munir S, Gul A. An overview of strategic non‑biological approaches for 
the synthesis of cupper nanoparticles. Acta Chem Malays 2020; 5(1):24-
37.

31.	 Ahmad S, Jalil Q, Munir S, Barkatullah, Khan S, Ullah R, et  al. 
Polymers encapsulated aspirin loaded silver oxide nanoparticles: 
Synthesis, characterization and its bio‑ applications. Sains Malays 2019; 
48:1887‑97.

32.	 Pang  L, Lian  X, Liu  H, Zhang Y, Li  Q, Cai Y, et  al. Understanding 
diabetic neuropathy: Focus on oxidative stress. Oxid Med Cell Longev 
2020;2020:9524635.

33.	 Streck EL, Czapski GA, da Silva CG. Neurodegeneration, Mitochondrial 
Dysfunction, and Oxidative Stress”, Oxidative Medicine and Cellular 
Longevity, vol. 2013, Article ID 826046, 2 pages, 2013.

34.	 Li H, Liu S, Wang Z, Zhang Y, Wang K. Hydrogen sulfide attenuates 
diabetic neuropathic pain through NO/cGMP/PKG pathway and 
μ‑opioid receptor. Exp Biol Med (Maywood) 2020;245:823‑34.

35.	 Lorenzi M. The polyol pathway as a mechanism for diabetic retinopathy: 
Attractive, elusive, and resilient. Exp Diabetes Res 2007;2007:61038.

36.	 Chung SS, Ho EC, Lam KS, Chung SK. Contribution of polyol pathway 
to diabetes‑induced oxidative stress. J Am Soc Nephrol 2003;14:S233‑6.

37.	 Oates PJ. Polyol pathway and diabetic peripheral neuropathy. Int Rev 
Neurobiol 2002;50:325‑92.

38.	 Watterworth B, Wright TB. Diabetic Peripheral Neuropathy. Pain. 
Springer, Cham. https://doi.org/10.1007/978-3-319-99124-5_194; 
2019. p. 911‑3.

39.	 Sandireddy  R, Yerra  VG, Areti  A, Komirishetty  P, Kumar  A. 
Neuroinflammation and oxidative stress in diabetic neuropathy: 
Futuristic strategies based on these targets. Int J Endocrinol 
2014;2014:674987.

40.	 Meier M, King GL. Protein kinase C activation and its pharmacological 
inhibition in vascular disease. Vasc Med 2000;5:173‑85.

41.	 Duby  JJ, Campbell  RK, Setter  SM, White  JR, Rasmussen  KA. 
Diabetic neuropathy: An intensive review. Am J Health Syst Pharm 
2004;61:160‑73.

42.	 Singh VP, Bali A, Singh N, Jaggi AS. Advanced glycation end products 
and diabetic complications. Korean J Physiol Pharmacol 2014;18:1‑14.

43.	 Goh SY, Cooper ME. Clinical review: The role of advanced glycation 

end products in progression and complications of diabetes. J  Clin 
Endocrinol Metab 2008;93:1143‑52.

44.	 Rhee SY, Kim YS. The Role of Advanced Glycation End Products in 
Diabetic Vascular Complications. Diabetes Metab J 2018;42:188‑95.

45.	 Solanki ND, Bhavsar SK, Pandya DT. Role of phytotherapy in diabetic 
neuropathy and neurodegeneration: From pathogenesis to treatment. 
J Phytopharmacol 2018;7:116‑52.

46.	 Ismail  CAN, Suppian  R, Aziz  CBA, Long  I. Minocycline attenuates 
the development of diabetic neuropathy by modulating DREAM and 
BDNF protein expression in rat spinal cord. J Diabetes Metab Disord 
2019;18:181‑90.

47.	 Kalteniece A, Ferdousi M, Azmi S, Mubita WM, Marshall A, Lauria G, 
et al. Corneal confocal microscopy detects small nerve fibre damage in 
patients with painful diabetic neuropathy. Sci Rep 2020;10:3371.

48.	 Singh  H, Bhushan  S, Arora  R, Singh Buttar  H, Arora  S, Singh  B. 
Alternative treatment strategies for neuropathic pain: Role of Indian 
medicinal plants and compounds of plant origin  – A review. Biomed 
Pharmacother 2017;92:634‑50.

49.	 Ueda H, Neyama H, Matsushita Y. Lysophosphatidic Acid Receptor 1‑ 
and 3‑Mediated Hyperalgesia and Hypoalgesia in Diabetic Neuropathic 
Pain Models in Mice. Cells 2020; 9(8):1906.

50.	 Baidya A, Guha S, Kumar S, Shankar A. Effect of hydroxychloroquine 
on HbA1c and lipid parameters in T2DM subjects with diabetic 
neuropathy who are on statins. Am Diabetes Assoc. Diabetes 2020 Jun; 
69(Supplement 1): 585.

51.	 Chen YM, Lin  CH, Lan TH, Chen  HH, Chang  SN, Chen YH, et  al. 
Hydroxychloroquine reduces risk of incident diabetes mellitus in lupus 
patients in a dose‑dependent manner: A population‑based cohort study. 
Rheumatology (Oxford) 2015;54:1244‑9.

52.	 Kastrup  J, Petersen  P, Dejgård A, Angelo  HR, Hilsted  J. Intravenous 
lidocaine infusion  –  a new treatment of chronic painful diabetic 
neuropathy? Pain 1987;28:69‑75.

53.	 Kastrup  J, Angelo  H, Petersen  P, Dejgård A, Hilsted  J. Treatment of 
chronic painful diabetic neuropathy with intravenous lidocaine infusion. 
Br Med J (Clin Res Ed) 1986;292:173.

54.	 McCleane GJ. Intravenous infusion of phenytoin relieves neuropathic 
pain: A  randomized, double‑blinded, placebo‑controlled, crossover 
study. Anesth Analg 1999;89:985‑8.

55.	 Tremont‑Lukats  IW, Megeff  C, Backonja  MM. Anticonvulsants for 
neuropathic pain syndromes: Mechanisms of action and place in therapy. 
Drugs 2000;60:1029‑52.

56.	 Aiyer R, Mehta N, Gungor S, Gulati A. A systematic review of NMDA 
receptor antagonists for treatment of neuropathic pain in clinical 
practice. Clin J Pain 2018;34:450‑67.

57.	 Knezevic  NN, Tverdohleb  T, Nikibin  F, Knezevic  I, Candido  KD. 
Management of chronic neuropathic pain with single and compounded 
topical analgesics. Pain Manag 2017;7:537‑58.

58.	 Zajaczkowska  R, Kwiatkowski  K, Pawlik  K, Piotrowska  A, 
Rojewska E, Makuch W, et al. Metamizole relieves pain by influencing 
cytokine levels in dorsal root ganglia in a rat model of neuropathic pain. 
Pharmacol Rep 2020;72:1310‑22.

59.	 Caro‑Ordieres T, Marín‑Royo G, Opazo‑Ríos L, Jiménez‑Castilla L, 
Moreno JA, Gómez‑Guerrero C, et al. The Coming Age of Flavonoids 
in the Treatment of Diabetic Complications. J Clin Med 2020; 9, 346.

60.	 Moradi  B, Abbaszadeh  S, Shahsavari  S, Alizadeh  M, Beyranvand  F. 
The most useful medicinal herbs to treat diabetes. Biomed Res Ther 
2018;5:2538‑51.

61.	 Jain A, Sharma R, Gahalain N, Chaudary J, Gupta G. Herbal plants used 
in diabetic complications: An overview. J Pharm Res 2011;4:986‑8.

62.	 Forouzanfar  F, Hosseinzadeh  H. Medicinal herbs in the treatment of 
neuropathic pain: A review. Iran J Basic Med Sci 2018;21:347‑58.

63.	 Al‑Aboudi A, Afifi  FU. Plants used for the treatment of diabetes in 
Jordan: A review of scientific evidence. Pharm Biol 2011;49:221‑39.

64.	 Raafat  K, Samy  W. Amelioration of diabetes and painful diabetic 
neuropathy by Punica granatum L. extract and its spray dried 
biopolymeric dispersions. Evid Based Complement Alternat Med 
2014;2014:180495.

65.	 Bhanot A, Shri R. A comparative profile of methanol extracts of Allium 
cepa and Allium sativum in diabetic neuropathy in mice. Pharmacognosy 
Res 2010;2:374‑84.



Munir: Possible pharmacological and nonpharmacological treatments for diabetic polyneuropathy

Matrix Science Pharma  ¦  Volume 5  ¦  Issue 2  ¦  April-June 202134

66. � Rasoulian  B, Hajializadeh  Z, Esmaeili‑Mahani  S, Rashidipour  M, 
Fatemi  I, Kaeidi  A. Neuroprotective and antinociceptive effects of 
rosemary  (Rosmarinus officinalis L.) extract in rats with painful 
diabetic neuropathy. J Physiol Sci 2019;69:57‑64.

67. � Boukhary R, Aboul‑Ela M, Al‑Hanbali O, El‑Lakany A. Chemical 
constituents from Salvia fruticosa libanotica. Pharmacognosy Journal. 
2018;10(1):45-48.

68. � Raafat  K, Boukhary  R, Aboul‑Ela  M, El‑Lakany  A. Endogenous 
Lebanese plants treating diabetes and related complications. Nat Prod 
Chem Res 2013;1:112‑20.

69. � Chen  J, Liu  W, Yi  H, Hu  X, Peng  L, Yang  F. The natural rotenoid 
deguelin ameliorates diabetic neuropathy by decreasing oxidative 
stress and plasma glucose levels in rats via the Nrf2 signalling pathway. 
Cell Physiol Biochem 2018;48:1164‑76.

70. � Majumder  P, Mazumder  S, Chakraborty  M, Chowdhury  SG, 
Karmakar S, Haldar PK. Preclinical evaluation of Kali Haldi (Curcuma 
caesia): A promising herb to treat type‑2 diabetes. Orient Pharm Exp 
Med 2017;17:161‑9.

71. � Grover M, Shah K, Khullar G, Gupta J, Behl T. Investigation of the 
utility of Curcuma caesia in the treatment of diabetic neuropathy. 
J Pharm Pharmacol 2019;71:725‑32.

72. � Shillo P, Selvarajah D, Greig M, Gandhi R, Rao G, Wilkinson ID, et al. 
Reduced vitamin D levels in painful diabetic peripheral neuropathy. 
Diabet Med 2019;36:44‑51.

73. � Sari  A, Akdoğan Altun  Z, Arifoglu Karaman  C, Bilir Kaya  B, 
Durmus  B. Does vitamin D affect diabetic neuropathic pain and 
balance? J Pain Res 2020;13:171‑9.

74. � Kim  M, Jung  J, Jeong  NY, Chung  HJ. The natural plant flavonoid 
apigenin is a strong antioxidant that effectively delays peripheral 
neurodegenerative processes. Anat Sci Int 2019;94:285‑94.

75. � Salehi B, Ata A, V Anil Kumar N, Sharopov F, Ramírez‑Alarcón K, 
Ruiz‑Ortega A, et al. Antidiabetic potential of medicinal plants and 
their active components. Biomolecules. 2019 Oct; 9(10):551.

76. � Raafat  K, El‑Lakany  A. Phytochemical and antinociceptive 
investigations of anemone coronaria active part ameliorating diabetic 
neuropathy pain. Planta Med Int Open 2018;5:e5‑13.

77. � Choudhary S, Singh PK, Verma H, Singh H, Silakari O. Success stories 
of natural product‑based hybrid molecules for multi‑factorial diseases. 
Eur J Med Chem 2018;151:62‑97.

78. � Kishore L, Singh R. Effects of different homeopathic potencies of 
Cephalendra indica in treatment of neuropathic pain in streptozotocin 
induced diabetes. Bulletin of Faculty of Pharmacy, Cairo University. 
2017; 55:273–280. doi: 10.1016/j.bfopcu.2017.06.002.

79. � Xu C, Hou B, He P, Ma P, Yang X, Yang X, et al. Neuroprotective effect 
of salvianolic acid a against diabetic peripheral neuropathy through 
modulation of Nrf2. Oxid Med Cell Longev 2020;2020:6431459.

80. � Singh P, Bansal S, Kuhad A, Kumar A, Chopra K. Naringenin ameliorates 
diabetic neuropathic pain by modulation of oxidative‑nitrosative stress, 
cytokines and MMP‑9 levels. Food Funct 2020;11:4548‑60.

81. � Wang  R, Qiu  Z, Wang  G, Hu  Q, Shi  N, Zhang  Z, et  al. Quercetin 
attenuates diabetic neuropathic pain by inhibiting mTOR/p70S6K 
pathway‑mediated changes of synaptic morphology and synaptic 
protein levels in spinal dorsal horn of db/db mice. Eur J Pharmacol 
2020;882:173266.

82. � Wang L, Chopp M, Lu X, Szalad A, Jia L, Liu XS, Wu KH, Lu M, 
Zhang ZG. miR‑146a mediates thymosin β4 induced neurovascular 
remodeling of diabetic peripheral neuropathy in type‑II diabetic mice. 
Brain Res 2019; 1707: 198‑207.

83. � Yang J, Zhao Z, Yuan H, Ma X, Li Y, Wang H, et al. The mechanisms of 
glycemic variability accelerate diabetic central neuropathy and diabetic 
peripheral neuropathy in diabetic rats. Biochem Biophys Res Commun 
2019;510:35‑41.

84. � Sugimoto K, Murakami H, Deguchi T, Arimura A, Daimon M, 
Suzuki S, Shimbo T, and Yagihashi S. Cutaneous microangiopathy in 
patients with type 2 diabetes: impaired vascular endothelial growth 
factor expression and its correlation with neuropathy, retinopathy and 
nephropathy. J Diabetes Investigation. 2019 Sep;10(5):1318-1331.

85. � Garoushi  S, Johnson  MI, Tashani  OA. A  cross‑sectional study to 
estimate the point prevalence of painful diabetic neuropathy in Eastern 
Libya. BMC Public Health 2019;19:78.

86. � Adams AS, Schmittdiel JA, Altschuler A, Bayliss EA, Neugebauer R, 
Ma L, et al. Automated symptom and treatment side effect monitoring 
for improved quality of life among adults with diabetic peripheral 
neuropathy in primary care: A  pragmatic, cluster, randomized, 
controlled trial. Diabet Med 2019;36:52‑61.

87. � Azmi  S, ElHadd  KT, Nelson  A, Chapman  A, Bowling  FL, 
Perumbalath A, et al. Pregabalin in the management of painful diabetic 
neuropathy: A narrative review. Diabetes Ther 2019;10:35‑56.

88. � Djouhri L, Malki MI, Zeidan A, Nagi K, Smith T. Activation of Kv7 
channels with the anticonvulsant retigabine alleviates neuropathic 
pain behaviour in the streptozotocin rat model of diabetic neuropathy. 
Journal of Drug Targeting, 27:10, 1118-1126.

89. � Djouhri L, Malki MI, Zeidan A, Nagi K, Smith T. Activation of Kv7 
channels with the anticonvulsant retigabine alleviates neuropathic 
pain behaviour in the streptozotocin rat model of diabetic neuropathy. 
J Drug Target 2019;27:1118‑26.

90. � Fijałkowski Ł, Sałat K, Podkowa A, Zaręba P, Nowaczyk A. Potential 
role of selected antiepileptics used in neuropathic pain as human 
GABA transporter isoform 1  (GAT1) inhibitors‑Molecular docking 
and pharmacodynamic studies. Eur J Pharm Sci 2017;96:362‑72.

91. � Rapacz A, Obniska J, Koczurkiewicz P, Wójcik‑Pszczoła K, Siwek A, 
Gryboś A, et  al. Antiallodynic and antihyperalgesic activity of new 
3,3‑diphenyl‑propionamides with anticonvulsant activity in models of 
pain in mice. Eur J Pharmacol 2018;821:39‑48.

92. � Waldfogel JM, Nesbit SA, Dy SM, Sharma R, Zhang A, Wilson LM, 
et  al. Pharmacotherapy for diabetic peripheral neuropathy pain and 
quality of life: A systematic review. Neurology 2017;88:1958‑67.

93. � Ishiguro H, Ushiki T, Kawasaki A, et al. Genetically reduced 
chondroitin sulfate prevents the progression of diabetic neuropathy. 
Am Diabetes Assoc 2018. Diabetes 2018 Jul; 67(Supplement 1).

94. � Xu L, Zhang Y, Huang Y. Advances in the treatment of neuropathic pain. 
In: Translational Research in Pain and Itch.  Advances in Experimental 
Medicine and Biology, vol 904. Springer, Dordrecht; 2016. p. 117‑29.

95. � Goldstein  DJ, Lu  Y, Detke  MJ, Lee  TC, Iyengar  S. Duloxetine 
vs. placebo in patients with painful diabetic neuropathy. Pain 
2005;116:109‑18.

96. � Landa‑Juárez AY, Pérez‑Severiano  F, Castañeda‑Hernández 
G, Ortiz  MI, Chávez‑Piña AE. The antihyperalgesic effect of 
docosahexaenoic acid in streptozotocin‑induced neuropathic pain in the 
rat involves the opioidergic system. Eur J Pharmacol 2019;845:32‑9.

97. � Augusto  PSA, Braga AV, Rodrigues  FF, Morais  MI, Dutra  MMGB, 
Batista  CRA, et  al. Metformin antinociceptive effect in models of 
nociceptive and neuropathic pain is partially mediated by activation of 
opioidergic mechanisms. Eur J Pharmacol 2019;858:172497.

98. � Leo  RJ, Khalid  K. Antidepressants for chronic pain: Certain agents 
may mitigate pain associated with neuropathy, fibromyalgia, headache, 
and IBS. Curr Psychiatry 2019;18:8‑19.

99. � Randolph AC, Lin YL, Volpi E, Kuo YF. Tricyclic Antidepressant 
and/or γ‐aminobutyric acid–analog use is associated with fall risk in 
diabetic peripheral neuropathy. J Am Geriatr Soc 2019 Jun;67(6):1174-
1181.

100. � Baloh RW. Treatment of Chronic Neuropathic Pain. Sciatica and 
Chronic Pain. Springer International Publishing AG, part of Springer 
Nature 2019. p. 89‑107.

101. � Rosenstock J, Tuchman M, LaMoreaux L, Sharma U. Pregabalin for 
the treatment of painful diabetic peripheral neuropathy: A double‑blind, 
placebo‑controlled trial. Pain 2004;110:628‑38.

102. � Onakpoya IJ, Thomas ET, Lee JJ, Goldacre B, Heneghan CJ. Benefits 
and harms of pregabalin in the management of neuropathic pain: 
A rapid review and meta‑analysis of randomised clinical trials. BMJ 
Open 2019;9:e023600.

103. � Baba M, Matsui N, Kuroha M, Wasaki Y, Ohwada S. Mirogabalin for 
the treatment of diabetic peripheral neuropathic pain: A randomized, 
double‐blind, placebo‐controlled phase 3 study in Asian patients. J 
Diabetes Invest 2019 Sep; 10(5):1299-1306.

104. � Callaghan  BC, Reynolds  E, Banerjee  M, Kerber  KA, Skolarus  LE, 
Burke  JF. Longitudinal pattern of pain medication utilization in 
peripheral neuropathy patients. Pain 2019;160:592‑9.

105. � Amato Nesbit  S, Sharma  R, Waldfogel  JM, Zhang A, Bennett  WL, 
Yeh HC, et al. Non‑pharmacologic treatments for symptoms of diabetic 



Munir: Possible pharmacological and nonpharmacological treatments for diabetic polyneuropathy

Matrix Science Pharma  ¦  Volume 5  ¦  Issue 2  ¦  April-June 2021 35

peripheral neuropathy: A  systematic review. Curr Med Res Opin 
2019;35:15‑25.

106. � Best  TJ, Best  CA, Best  AA, Fera  LA. Surgical peripheral nerve 
decompression for the treatment of painful diabetic neuropathy of the 
foot – A level 1 pragmatic randomized controlled trial. Diabetes Res 
Clin Pract 2019;147:149‑56.

107. � Ishibashi  F, Taniguchi  M, Kosaka  A, Uetake  H, Tavakoli  M. 
Improvement in neuropathy outcomes with normalizing HbA1c in 
patients with type 2 diabetes. Diabetes Care 2019;42:110‑8.

108. � Mottaghi T, Khorvash F, Maracy M, Bellissimo N, Askari G. Effect 
of folic acid supplementation on nerve conduction velocity in diabetic 
polyneuropathy patients. Neurol Res 2019;41:364‑8.

109. � Lind  MV, Lauritzen  L, Kristensen  M, Ross AB, Eriksen  JN. Effect 
of folate supplementation on insulin sensitivity and type 2 diabetes: 
A  meta‑analysis of randomized controlled trials. Am J Clin Nutr 
2019;109:29‑42.

110. � Lei XW, Li Q, Zhang JZ, Zhang YM, Liu Y, Yang KH. The protective 
roles of folic acid in preventing diabetic retinopathy are potentially 
associated with suppressions on angiogenesis, inflammation, and 
oxidative stress. Ophthalmic Res 2019;62:80‑92.

111. � Elbarbary  NS, Ismail  EAR, Zaki  MA, Darwish  YW, Ibrahim  MZ, 
El‑Hamamsy  M. Vitamin B complex supplementation as a 
homocysteine‑lowering therapy for early stage diabetic nephropathy in 
pediatric patients with type 1 diabetes: A randomized controlled trial. 
Clin Nutr 2020;39:49‑56.

112. � Farvid  MS, Homayouni  F, Amiri  Z, Adelmanesh  F. Improving 
neuropathy scores in type  2 diabetic patients using micronutrients 
supplementation. Diabetes Res Clin Pract 2011;93:86‑94.

113. � House  AA, Eliasziw  M, Cattran  DC, Churchill  DN, Oliver  MJ, 
Fine A, et al. Effect of B‑vitamin therapy on progression of diabetic 
nephropathy: A randomized controlled trial. JAMA 2010;303:1603‑9.

114. � Song Y, Cook NR, Albert CM, Van Denburgh M, Manson JE. Effect 
of homocysteine‑lowering treatment with folic Acid and B vitamins 
on risk of type 2 diabetes in women: A randomized, controlled trial. 
Diabetes 2009;58:1921‑8.

115. � Meyer HE, Willett WC, Fung TT, Holvik K, Feskanich D. Association 
of high intakes of vitamins B6 and B12 from food and supplements 
with risk of hip fracture among postmenopausal women in the nurses’ 
health study. JAMA Netw Open 2019;2:e193591.

116. � Eshak ES, Iso H, Muraki  I, Tamakoshi A. Among the water-soluble 
vitamins, dietary intakes of vitamins C, B2 and folate are associated 
with the reduced risk of diabetes in Japanese women but not men. 
British Journal of Nutrition, (2019). 121(12), 1357-1364. doi:10.1017/
S000711451900062X.

117. � Satyanarayana  A, Balakrishna  N, Pitla  S, Reddy  PY, Mudili  S, 
Lopamudra  P, et  al. Status of B‑vitamins and homocysteine in 
diabetic retinopathy: Association with vitamin‑B12 deficiency and 
hyperhomocysteinemia. PLoS One 2011;6:e26747.

118. � MMazzeo A, Beltramo E, Trento M, Porta M. High glucose and 
hypoxia‑induced damage in the inner blood retinal barrier is 
counteracted by thiamine supplementation. Diab Vasc Dis Res. 2019. 
17(1):147916411987842.

119. � Lee  S, Kim  JH, Shin  KM, Kim  JE, Kim  TH, Kang  KW, et  al. 
Electroacupuncture to treat painful diabetic neuropathy: Study 
protocol for a three‑armed, randomized, controlled pilot trial. Trials 

2013;14:225.
120. � Pan H, Huang H, Zhang L, Ma S, Yang H, Wang H. Adjusting internal 

organs and dredging channel. electroacupuncture treatment prevents 
the development of diabetic peripheral neuropathy by downregulating 
GRP78 and caspase‐12 in streptozotocin‐diabetic rats. Journal of 
diabetes. 2019:11;928 - 937.

121. � Nash J, Armour M, Penkala S. Acupuncture for the treatment of lower 
limb diabetic peripheral neuropathy: a systematic review. Acupuncture 
in Medicine. 2019:37:3-15.

122. � Ahn AC, Bennani T, Freeman R, Hamdy O, Kaptchuk TJ. Two styles 
of acupuncture for treating painful diabetic neuropathy  –  A pilot 
randomised control trial. Acupunct Med 2007;25:11‑7.

123. � Nielsen A, Knoblauch NT, Dobos GJ, Michalsen A, Kaptchuk TJ. The 
effect of Gua Sha treatment on the microcirculation of surface tissue: 
A pilot study in healthy subjects. Explore (NY) 2007;3:456‑66.

124. � Lauche R, Wübbeling K, Lüdtke R, Cramer H, Choi KE, Rampp T, 
et al. Randomized controlled pilot study: Pain intensity and pressure 
pain thresholds in patients with neck and low back pain before 
and after traditional East Asian “gua sha” therapy. Am J Chin Med 
2012;40:905‑17.

125. � Marion  T, Cao  K, Roman  J. Gua Sha, or coining therapy. JAMA 
Dermatol 2018;154:788.

126. � Yuen  JW, Tsang WW, Tse  SH, Loo WT, Chan  ST, Wong  DL, et  al. 
The effects of Gua sha on symptoms and inflammatory biomarkers 
associated with chronic low back pain: A randomized active‑controlled 
crossover pilot study in elderly. Complement Ther Med 2017;32:25‑32.

127. � Xie X, Lu L, Zhou X, Zhong C, Ge G, Huang H, et al. Effect of Gua Sha 
therapy on patients with diabetic peripheral neuropathy: A randomized 
controlled trial. Complement Ther Clin Pract 2019;35:348‑52.

128. � Gu Y, Dennis SM, Kiernan MC, Harmer AR. Aerobic exercise training 
may improve nerve function in type  2 diabetes and pre‐diabetes: 
A systematic review. Diabetes Metab Res Rev 2019;35:e3099.

129. � Izgu  N, Gok Metin  Z, Karadas  C, Ozdemir  L, Metinarikan  N, 
Corapcıoglu D. Progressive Muscle Relaxation and Mindfulness 
Meditation on Neuropathic Pain, Fatigue, and Quality of Life in 
Patients With Type 2 Diabetes: A Randomized Clinical Trial. J Nurs 
Scholarsh 2020;52:476‑87.

130. � Zilliox L, Ilieva N, Zhan M, Russell J. A Randomized Lifestyle 
Intervention Study Improves Mobility and Neuropathy in Diabetes. 
AAN Enterprises; 2019;92(15 (Suppl 1)): P3.4-018.

131. � Shamim E, Yarngo L, Rapp A, Greenberg L, Fischell R. Pilot 
Cross‑Sectional Trial of Localized Transcutaneous Magnetic 
Stimulation Shows Improvement in Foot Pain Secondary to Plantar 
Fasciitis (PF), Diabetic Neuropathy (DN), and Chemotherapy 
Neuropathy (CM) (P3. 9‑056). AAN Enterprises; 2019.

132. � Raghav  A, Singh  P, Ahmad  J. New insights into bioelectronic 
medicines: A new approach to tackle diabetic peripheral neuropathy 
pain in clinics. Diabetes Metab Syndr 2019;13:1011‑4.

133. � Feldman EL, Callaghan BC, Pop‑Busui R, Zochodne DW, Wright DE, 
Bennett DL, et al. Diabetic neuropathy. Nat Rev Dis Primers 2019;5:41.

134. � Otis  JD, Sanderson  K, Hardway  C, Pincus  M, Tun  C, Soumekh  S. 
A  randomized controlled pilot study of a cognitive‑behavioral 
therapy approach for painful diabetic peripheral neuropathy. J  Pain 
2013;14:475‑82.


