
Arch Neurosci. 2017 January; 4(1):e28998.

Published online 2016 August 23.

doi: 10.5812/archneurosci.28998.

Review Article

Pharmacological Management of Neuropathic Pain: Current Trends

and Possible Approaches

Anil Kumar,1,* Raghavender Pottabathini,1 Archana Bhatnagar,2 Sukant Garg,3 and Varun Gupta1

1Pharmacology Division, University Institute of Pharmaceutical Sciences, UGC Centre of Advanced Study, Panjab University, Chandigarh, India
2Department of Biochemistry, Panjab University, Chandigarh, India
3Department of Pathology, Dr. Harvansh Singh Judge Institute of Dental Sciences and Hospital, Panjab University, Chandigarh, India

*Corresponding author: Anil Kumar, Pharmacology Division, University Institute of Pharmaceutical Sciences, UGC Centre of Advanced Study, Panjab University, Chandigarh,
India. Tel: +91-1722534106, Fax: +91-1722543101, E-mail: kumaruips@yahoo.com

Received 2015 April 11; Revised 2016 July 06; Accepted 2016 August 01.

Abstract

Context: Neuropathic pain (NP) is a chronic debilitating painful condition with complex pathophysiology and inadequate treat-
ment. Conventional pharmacological approaches and currently available drugs only provide marginal pain relief and cause signifi-
cant adverse effects. The present manuscript is an attempt to summarize the existing data and possible pharmacological approaches
available for NP.
Evidence Acquisition: Information was collected from Google Scholar, Cochrane and PubMed databases, Scopus and directory of
open access journals. Neuropathic pain, chronic pain, diabetic neuropathy, pathophysiology and current recommendations were
the terms used to search the literature. Data from relevant animal and randomized controlled studies were selected to get the up
to date information of the currently available pharmacological approaches. A note on future approaches was added based on the
recent animal and human studies.
Results: The current review made a significant attempt to focus on the mode of action, required dosage, advantages and the side
effect profiles of currently available drugs used, or in investigational phases and their possible combinations to manage NP. Efforts
are made to cover arise of NP because of diabetes and its management. At the end, authors made an attempt to cover the various
therapeutic options that are currently explored for future drug development.
Conclusions: The available pharmacological approaches are effective on one or other types of chronic pain. But the inadequate
pain relief and limitations with each class of drugs raises the need to develop better therapeutic approaches and also understand
the pathology better. The present review may be helpful to researchers intending to focus on newer therapeutic strategies and
targets to manage NP.
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1. Context

Neuropathic pain (NP) is a severe debilitating form of
pain which originates as a consequence of lesion or dis-
ease pertaining to somatosensory system. The term lesion
refers to the actual/potential damage of neurons identified
via laboratory diagnostic procedure, whereas the term dis-
ease refers to the known cause for the lesion. NP is a clini-
cal description which helps to identify the possible under-
lying causes. Etiology of NP ranges from traumatic nerve
damage/compression, diabetes, cancer and its chemother-
apy, viral infections such as HIV, alcohol and other toxin ex-
posure, surgical amputations, etc. Furthermore, pain orig-
inated from a lesion or disease in central or peripheral so-
matosensory nervous system leads to the categorization of
NP into central NP or peripheral NP, respectively. NP is asso-
ciated with a wide range of sensory changes as described in
Table 1 (1). Currently available drugs provide only marginal
pain relief and are associated with various adverse effects.

Therefore, understanding the current knowledge about
complex pathology of NP and available drugs helps the re-
searchers to rationalize the therapeutic approaches. This
also aids in synthesizing the drugs, which can act on novel
targets and exert effective pain relief with minimal side ef-
fect profiles. Hence, the pros and cons of different cate-
gories of available drugs were listed and also the possible
targets that can be explored were highlighted.

2. Evidence Acquisition

Google scholar, Cochrane and PubMed databases, Sco-
pus and directory of open access journal were searched
for the literature with the terms: NP, chronic pain, dia-
betic neuropathy, pathophysiology and the current recom-
mendations. Epidemiology of chronic pains, in particu-
lar NP, was discussed. Relevant animal and randomized
controlled studies were searched to get the latest knowl-
edge of the mechanisms involved in NP and currently avail-
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Table 1. Different Symptoms Associated with Neuropathic Pain

Symptoms

Allodynia Pain due to non-noxious stimuli (mechanical, dynamic and thermal)

Anesthesia Loss of normal sensation to the affected region

Dysesthesia Spontaneous or evoked unpleasant abnormal sensations

Hyperalgesia Exaggerated response to a mildly noxious stimulus

Hyperpathia Delayed and explosive response especially to a repetitive stimuli

Hypoesthesia Reduction of normal sensations to the affected region

Paresthesia Non painful spontaneous abnormal sensations to a stimulus that is not unpleasant

Phantompain Pain arising from an amputated part

able pharmacological approaches. Different dosage rec-
ommendations and main side effects associated with them
were also addressed. A note on future approaches was
added based on recent animal and human studies.

3. Results

3.1. Epidemiology

Prevalence of NP is about 6.9% (lasting for three
months) mainly in middle-aged patients (50 - 64 years)
(2, 3). Incidence rates of NP originating from associated
disease or condition in general populations were 3.9 -
42.0/10000 person-years (PY) for postherpetic neuralgia
(PHN), 12.6 - 28.9/10000 PY for trigeminal neuralgia, 15.3 -
72.3/100000 PY for painful diabetic peripheral neuropathy
and 0.2 - 0.4/100000 PY for glossopharyngeal neuralgia (4).
Attempts to develop a more rational therapeutic approach
to manage NP are still challenging and are generally re-
fractory to conventional analgesics such as nonsteroidal
anti-inflammatory drugs (NSAIDs). The main reason of this
lacuna is complex mechanisms (both peripheral and cen-
tral) involved in the development of NP (5). Furthermore,
the currently available drugs are not directed towards the
multiple aspects of chronic pain.

3.2. Available Data on Mechanisms and Pharmacological Man-
agement of NP

NP is associated with both negative and positive symp-
toms. Negative symptoms are due to impaired conduction
in afferent sensory neurons leading to numbness and im-
parted conduction in efferent nerve fibers leading to mus-
cle deficits (6). Positive symptoms are paresthesia, hyper-
esthesia and dysesthesia affecting significant populations
worldwide. Increased sodium channel expression in dor-
sal root ganglion (DRG) sensory neurons and the site of
injuries leads to ectopic activity in damaged neurons; sec-
ondary to decrease in threshold for action potential gener-
ation. Nerve injury increases noradrenergic sensitivity sec-
ondary to sensory sympathetic coupling generally relived

by sympatholytic procedures. But this is accompanied by
recurrence of pain, paresthesias after six months.

Loss of central terminal C fibers (transmit nociceptive
information under normal physiological conditions) in
dorsal horn lamina II because of nerve injury (a cause of
negative symptoms) and sprouting of Aβ fibers (transmit
innocuous information under normal physiological con-
ditions) from lamina III and IV to lamina II lead to the de-
velopment of touch evoked pain characteristic of PHN (7).
This, along with lowered threshold of peripheral nocicep-
tors, leads to enhanced functioning of second order neu-
rons through the release of neuropeptides and excitatory
neurotransmitters such as glutamate from primary affer-
ents. The released neuropeptides and neurotransmitters
act in their respective receptors on post synaptic neurons
and initiate secondary events such as protein phosphory-
lation and nitric oxide release leading to central sensiti-
zation (8). Under normal physiological settings, this cen-
tral sensitization is under the control of local inhibitory
interneurons of gamma-aminobutyric acid (GABA) and
glycine (Figure 1). Nerve injury leads to loss of this local
inhibitory control causing potent allodynia (9). Therefore,
agents that restore the GABA mediated inhibitory control
can be a promising approach in the therapy of NP.

Supraspinally rostral ventral medulla has both in-
hibitory and excitatory control over dorsal horn neurons,
but it is the facilitation of excitatory descending pathways
that has a major role in the maintenance of NP. Studies
showed that neuropeptide cholecystokinin (CCK) has a key
role in this tonic descending facilitation of pain processing
(10). Recently, enhancement of opioid induced antinoci-
ception in NP with CCK antagonists is shown in preclini-
cal models. These agents simultaneously target CCK and
opioid receptors (δ and µ) (11). On the whole, nerve in-
jury induces a variety of pathophysiological changes in the
nervous system in response to a variety of insults. These
changes often preclude the normal therapeutic options
available in the treatment or sometimes make them to-
tally nonresponsive. At the same time, these changes open
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Figure 1. Simplified Diagram Showing the Nociceptive Pathways with the Possible Targets for Neuropathic Pain Treatment

up new targets. Above all, changes also occur in non-
neuronal cells such as glial cells which upon activation re-
lease several inflammatory mediators via activation of im-
mune components leading to neuroplastic changes (12).

Special emphasis is given to the peripheral diabetic
neuropathy (PDN), since the prevalence is increasing day
by day among patients with diabetes (4). Apart from hyper-
glycemia, classical metabolic pathways such as increase
in polyol, hexosamine, advanced glycation end products,
activation of protein kinase C and poly-ARP are studied
in progression of PDN. All these pathways ultimately con-
verge to increase oxidative stress by increasing the pro-
duction of reactive oxygen species. It conversely increases
the inflammatory process leading to neuronal damage.
Agents with alteration at one or other steps show promis-
ing results in preclinical and clinical studies. A brief discus-
sion of this category is provided at the end. Furthermore,
reactivation of dormant varicella-zoster virus in spinal and
cranial sensory ganglia, where it exists in latent state post-
infection with chickenpox results in sensory root, changes,
sometimes leading to complete loss of small and large di-
ameter sensory fibers (13). These changes lead to sponta-

neous discharges, lowered threshold for action potential
generation ultimately resulting into allodynia. Many of
the patients with PHN also experience spontaneous burn-
ing pain (14).

3.3. Current Recommendations

Evidence based guidelines for the pharmacological
management of NP was developed by international as-
sociation for the study of pain which is also endorsed
by the American pain society, European federation of
neurological societies (EFNS), the Canadian pain soci-
ety and the Mexican pain society. According to these
guidelines, the first line agents include tricyclic antide-
pressants (TCAs), Ca channel alpha 2-delta ligands, selec-
tive serotonin/norepinephrine reuptake inhibitors (SNRIs)
and topical lidocaine. Second line agents include opioids
and tramadol. Revised guidelines of EFNS in 2010 recom-
mendations are given in Box 1.

3.3.1. Antidepressants

Studies show that antidepressants can exert their anal-
gesic action without any effects on mood in patients with
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Box 1. Recommendations From EFNS in 2010a

Recommendations

For diabetic neuropathy

First line agents include duloxetine, gabapentin, pregabalin, TCAsa and venlafaxine extended release

Second line agents include opioid and tramadolb

For postherpetic neuralgia

First line agents include gabapentin, pregabalin, TCAs and lidocaine plastersc

Second line agents include capsaicin and opioids

For central neuropathic pain

First line agents include gabapentin, pregabalin and TCAs

Second line agents include cannabinoidsd , lamotrigined , opioids and tramadol

Abbreviation: EFNS, European federation of neurological societies.
aSource (Attal et al. 2010).
bTCAs include amitriptyline, clomipramine, nortriptyline, desipramine and imipramine.
cTramadol is recommended first line in patients with acute exacerbations of pain, especially for the tramadol/acetaminophen combinations.
dMainly in elderly patients.
eFor refractory cases.

chronic pain, with or without concomitant depression (15).
Furthermore, lower dose and shorter delay are required
to achieve optimal analgesic action than that of required
to achieve antidepressant action (16). This is mainly be-
cause of enhancement of descending monoaminergic in-
hibitory pathways via central blockade of serotonin and
noradrenalin reuptake process. Apart from it, their ef-
fects on alpha-adrenergic, histaminergic (H1), muscarinic
cholinergic receptor, N-methyl-D-aspartate (NMDA) antag-
onistic effects and blockage of sodium (17) and voltage
gated calcium channel (18) are also reported (19). This cate-
gory mainly consists of tricyclic antidepressants (TCAs), se-
lective serotonin reuptake inhibitors (SSRI) and serotonin-
norepinephrine reuptake inhibitors (SNRIs).

Tricyclic antidepressants: TCAs consisting of ter-
tiary amines amitriptyline, imipramine, trimipramine,
clomipramine, doxepin and their demethylated sec-
ondary amines nortriptyline, desipramine, protriptyline,
amoxapine are studied to treat NP. TCAs showed positive
results to treat PDN, PHN, painful polyneuropathy and
post mastectomy pain. However, there are studies show-
ing negative results with TCAs in neuropathies caused by
HIV (20), cancer (21) and chronic lumbar root pain (22).
According to a Cochrane review, the number needed to
treat (NNTs) remained approximately three for both TCAs
and venlafaxine. It indicates that one out of three patients
with NP who had taken either of these drugs, get at least
moderate pain relief (23). This measure unit is used for
retrospective evaluation of a drug’s analgesic efficacy and
shows the number of patients that need to be treated to
produce greater than 50% pain relief. Patients receiving
TCAs were significantly more likely to report at least 30%
pain reduction.

By inhibiting the reuptake process, TCAs enhance the
biogenic amines mediated descending inhibitory mecha-
nisms of nociception (24). Unfortunately, TCAs also block
histaminic, cholinergic, and alpha 1-adrenergic receptor
sites, accounting for their unwanted side effects. More se-
lective TCAs such as imipramine and nortriptyline cause
fewer anticholinergic effects and less sedation. The most
common anticholinergic side effects include dry mouth,
constipation, sweating, dizziness, blurred vision, drowsi-
ness, palpitation, orthostatic hypotension, sedation and
urinary retention. TCAs can also cause cognitive disorders
or confusion, gait disturbance and falls, particularly in el-
derly patients. Therefore, they should be used cautiously
in patients at risk for suicide or accidental death from over-
dose (25) and avoided in patients who have ischemic heart
disease or increased risk of sudden cardiac death.

Secondary amine TCAs (nortriptyline and de-
sipramine) are preferred because of their better tol-
erability than tertiary amine TCAs (amitriptyline and
imipramine) but have comparable analgesic efficacy (26,
27). Nortriptyline has similar analgesic activity with less se-
dation and orthostatic hypotension and is recommended
for first line therapy (25).

3.3.1.1. Selective Serotonin Reuptake Inhibitors

There is only limited evidence available to suggest
that SSRIs have protective pain-relieving effects on patients
with peripheral NP (28). Currently available data suggest
that SSRIs are clearly less effective than TCAs (NNT: 6.7
vs 2.4) to manage NP (29, 30). Studies in rodents sug-
gest that simultaneous inhibition of 5- hydroxytryptamine
(HT) and NA reuptake appears to present a greater degree
of antinociception than single mechanism of action in-
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hibitors (31). Furthermore, in various randomized con-
trolled trials (RCTs) conducted using sustained release for-
mulation of bupropion, it is shown that the additional re-
uptake of dopamine may further augment 5-HT/NA reup-
take mediated antinociception after nerve injury (32, 33).

3.3.1.2. Serotonin-Norepinephrine Reuptake Inhibitors

Drugs capable of inhibiting both serotonin-
norepinephrine reuptake pumps are effective on vari-
ous types of NP (34, 35). Duloxetine has attracted more
attention in this class. It is the first line drug, approved
by US food and drug administration (USFDA), to treat
the patients with PDN, fibromyalgia, musculoskeletal
back pain and osteoarthritis. Both 60 and 120 mg/day of
duloxetine are effective over placebo in various RCTs (16,
35, 36). Recently, in a multicenter RCT, five week treatment
with duloxetine resulted in greater decrease in pain in
patients with painful chemotherapy induced peripheral
neuropathy (37). Moreover, it was devoid of anticholiner-
gic and cardiac side effects. NNT for duloxetine was 6.4
(38). Starting dose should be 30 mg/day to avoid nausea
and titrated after one week to 60 mg/day.

Mianserin, a SNRI, and its analogue mirtazapine poten-
tiate the analgesic action of various antinociceptive drugs
in animals but failed to show their analgesic action in hu-
mans. In a small randomized crossover study, including
patients with PDN, mianserin failed to show any protective
effects (39). Presently, mirtazepine is studied in fibromyal-
gia and chronic pain (40). It has an agonistic action at 5-
HT1A receptors and an antagonistic action atα2-adrenergic
and 5-HT2, 5-HT3 serotonergic receptors.

3.3.1.3.Venlafaxine

Venlafaxine is another compound of this class which
behaves like SSRI at doses below 150 mg/day, and like
SNRI at doses above 150 mg/day. Its efficacy was approved
mainly in patients with PDN, but not in those with PHN
(3). Venlafaxine extended-release is better tolerated than
immediate-release the main side effects are gastrointesti-
nal disturbances. However, increased blood pressure and
clinically significant electrocardiography (ECG) changes
are reported in 5% of patients with PDN. Only high doses
of venlafaxine (150 - 225 mg/day) are effective. Clinicians
discontinuing venlafaxine treatment should consider ta-
pering the medication dose gradually because of its with-
drawal syndrome (41). Venlafaxine does not bind to mus-
carinic -cholinergic, histaminic or alpha-adrenergic recep-
tors responsible for the common adverse effects observed
with TCAs (42). SSRIs and SNRIs may be considered only if
the treatment with TCAs and anticonvulsants fails, or there
are contraindications to these drugs (29).

3.3.2. Anti-Epileptics

Since 1940 and 50s anti-epileptics are used to man-
age pain and hydantoin derivatives such as phenytoin are
used to treat trigeminal neuralgia (43, 44). Thereafter, car-
bamazepine was successful to treat trigeminal neuralgia.
Enormous literature is available to support the role of anti-
epileptics in PHN, painful diabetic neuropathis, etc. Cur-
rently available anti-epileptics are carbamazepine, oxcar-
bazepine, gabapentin, lamotrigine, phenytoin, valproate
and topiramate which show promising role in chronic
pain. Mechanisms of action of these drugs are divergent
and discussed in the subsequent sections. Adverse events
are generally minimized by careful dose titrations and
their common central nervous system (CNS) and hemato-
logical reactions are reported.

3.3.2.1. Carbamazepine

Analgesic activity of carbamazepine is documented in
trigeminal neuralgia, PDN and PHN cases. It is approved by
FDA to treat trigeminal neuralgia. It slows down the recov-
ery rate of voltage gated sodium channels in a frequency
dependent way, thereby unaffecting the normal nerve con-
duction process. Dosage ranges from 300 to 1000 mg/day
in divided doses (twice a day). According to a Cochrane re-
view, NNT for carbamazepine was 1.7 in patients with PHN
(45). Side effects include dizziness, drowsiness, balance
difficulties, skin rash, thrombocytopenia, hepatic damage
and rarely leukopenia (46).

3.3.2.2. Oxcarbazepine

Oxcarbazepine is effective on patients with trigem-
inal neuralgia, PDN and those with refractory to
other antiepileptic drugs, such as carbamazepine and
gabapentin (47). Oxcarbazepine 1200 and 1800 mg/day
are effective on patients with PDN (48). Side effect pro-
file includes fatigue, weakness, erythematous rash and
hyponatremia (4.3%); hence sodium blood monitoring is
advised.

3.3.2.3. Lamotrigine

Lamotrigine is effective in NP with HIV origin (49, 50),
central post stroke pain (51) and in patients with spinal
cord injury and incomplete lesions (52). Skin rash is the
most frequent side effect of lamotrigine leading to its with-
drawal. This can be minimized by keeping the starting
dose as low as 25 mg/day and increasing slowly every week
to a maximum of 400 mg/day. In one of the Cochrane
review involving a total of 1511 participants with different
types of NP, no positive outcome was documented by lam-
otrigine therapy (53).

Valproic acid: Use of valproic acid as a first line agent
for NP is not convincing. Earlier studies showed that it may
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be effective on patients with PDN and PHN (54, 55). Its use
in combination with glyceryl trinitrate spray is effective to
manage diabetic neuropathy (56). NNT for valproic acid
was 7. More studies are necessary to provide convincing
data to support the role in NP.

Topiramate: This is another antiepileptic drug stud-
ied only in diabetic neuropathic condition. No significant
therapeutic efficacy of topiramate is reported in patients
with PDN, even at the titrated doses 200 to 400 mg/day.
Weight loss and withdrawal effects are reported at higher
doses (57).

3.3.2.4. Gabapentin and Pregabalin

These drugs have high affinity towards the α2δ sub-
unit of voltage gated calcium channels; thereby reduce
the calcium influx into the neuron and subsequent neuro-
transmitter (substance-P, glutamate and norepinephrine)
release (58). Both of these agents are effective for NP.
However, only pregabalin is approved by FDA to manage
both diabetic peripheral neuropathy and PHN, whereas
gabapentin was approved for PHN (59). Their off-label
use in post-operative pain (60) is only limited to reduce
the dose of opioids and growing body of evidence sug-
gests their use as perioperative rather than for acute pain
(61). Gabapentin is ineffective in chemotherapy induced
painful neuropathy. NNT for gabapentin is 6.4 and 4.3 in
case of painful diabetic polyneuropathy and PHN, respec-
tively (62). Efficacy of gabapentin and pregabalin was also
documented in postoperative pain conditions (63).

Gabapentin exhibits saturable absorption that makes
its pharmacokinetics less predictable. It is minimally pro-
tein bound (<3%), and is excreted from the kidneys as an
unchanged drug. Dosage adjustment should be done ac-
cording to individual creatinine clearance in case of pa-
tients with renal impairment (64). Treatment should be
initiated at low dose and slowly increased. Effective dosage
for gabapentin ranges from 1800 to 3600 mg/day (admin-
istered in three divided doses). Generally, two weeks are
required to observe the effect, although several weeks are
needed for titration. Dizziness, somnolence, peripheral
edema, weight gain and dry mouth are the most common
side effects (64). Pregabalin is as effective as gabapentin,
however at much lower doses. The effective dose range for
pregabalin is 150 to 600 mg/day, but some clinicians rec-
ommend to start with 75 mg/day at bed time to reduce the
likelihood of early side effects, especially in the elderly (3).
Furthermore, NNT for pregabalin is reported 4.5 and 4.2 for
painful diabetic neuropathy and PHN, respectively (62). Be-
sides, use of pregabalin is associated with increase in suici-
dal behavior and ideation, and patients taking this medi-
cation should be monitored for any abnormal changes in
mood and behavior.

3.3.3. Topical Lidocaine

USFDA approved this drug to treat PHN. It relieves pain
by acting directly on damaged pain fibers under the patch
and reduces aberrant firing of sodium channels. But in re-
cently conducted double blind RCT it was found that 29%
- 80% of patients experienced sufficient pain relief with
5% lidocaine patch. Apart from this, it protects against
thermal and pinprick insults suggesting only partial block
of Aδ and C fibers (65). Lidocaine patches are generally
safe and lack systemic side effects. NNT for 5% lidocaine
patch in patients with PHN is reported 4.4 (66). It should
be used with caution in patients receiving antiarrhythmic
drugs such as tocainide and mexiletine because of possi-
ble additive toxic effects. Its efficacy in PHN, post-stroke
pain and complex regional pain syndrome (CRPS) is also
documented (67). There are no studies available on preg-
nant females, but as it is excreted in human milk, caution
should be exercised in case of nursing mothers. Up to 4
patches/day for a maximum of 12 hours within a 24-hour
period may be used to cover the painful area.

3.3.4. Opioids

There have been controversial results for the effi-
cacy of opioids in NP. However, studies of intermediate
term showed significant protective effect of opioids over
placebo to reduce NP (68). But recent trials with oxycodone
controlled release formulation showed (69, 70) that strong
opioids are superior to nortriptyline and naproxen in
terms of pain relief in chronic noncancer pain. In an-
other clinical trial, consisting of patients with diabetic
neuropathy, NNT for controlled release oxycodone was 2.6
to achieve at least 50% pain relief (71). Opioids are gener-
ally reserved for patients failed with first line regimen, for
episodic discharges in sever chronic pain, for NP of cancer
origin and for prompt relief of pain during titration of first
line medications (25).

Common adverse effects include nausea, vomiting, se-
dation and constipation. Titrating gradually with low
doses relieves nausea and sedation but constipation drives
the attention for adjuvant bowel regimen. Long term ther-
apy with opioids results in hypogonadism resulting in in-
fertility in males and females, decreased libido, aggres-
sion and galactorrhea (72). Physical dependence is another
problem with long term therapy of opioids and patients
are instructed to taper the dosage gradually during the dis-
continuation of treatment (25). Opioid induced hyperalge-
sia is of growing concern in chronic therapy and the pre-
cise molecular mechanism in the relevant clinical settings
is not clear yet. NMDA receptors become activated by opi-
oids leading to influx of calcium thereby causing sensiti-
zation of nociceptive pathways (73). In addition, enhanced
levels of pro-nociceptive peptides such as calcitonin gene
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related peptide (CGRP) and substance-P were found in DRG
upon repeated morphine exposure (74). Treatment for opi-
oid induced hyperalgesia includes reduction in the dose of
opioid and supplementation with NMDA modulators.

3.3.4.1. Methadone

It is a synthetic opioid agonist with affinity forµ-opioid
receptors. It also has NMDA receptor antagonistic actions.
Methadone has excellent oral and rectal absorption, high
potency, low cost, with no known active metabolites which
make it attractive for the therapy. But its use is limited
by its remarkably long and unpredictable half-life (24 – 36
hours). Short term studies showed efficacy of methadone
in NP (75, 76), but long term safety is not yet established.

3.3.4.2. Fentanyl

It is a short acting opioid analgesic with greater per-
meability and efficacy (75 times) than that of morphine
and higher selectivity for µ1-receptors. Efficacy of fentanyl
patch in soft tissue cancer pain is documented. Its small
molecular size makes it suitable to deliver via transdermal
patch. Doses of 25, 50, 75 and 100 µg/hour were effective
but side effects were also observed in 72% of treated sub-
jects (77). Severe diarrhea in the first 72 hours of fentanyl
patch was also reported in three cases (78).

3.3.4.3. Tramadol

It is the only drug demonstrating week affinity
for µ-opioid receptors and also inhibits reuptake of
monoamines. It is a centrally acting analgesic with both
(+) and (-) enantiomers. The (+) tramadol stimulates
presynaptic release of serotonin and also inhibits its
reuptake, whereas (-) tramadol inhibits norepinephrine
reuptake. According to a Cochrane review, the number
of NNT for tramadol to get at least 50% pain relief was
3.8 over placebo (79). Starting dose should be of 50 mg
once daily (particularly in elder patients) and titrated as
needed to up to 400 mg/day. Risk of seizures is associated
with higher doses and should be adjusted in patients with
hepatic and renal impairment.

Other example of this category is tapentadol which has
high NNT (10.2) with both positive and negative outcomes
(38). It has agonistic action at mu-opioid receptors and also
inhibits noradrenaline reuptake.

3.3.5. Cannabinoids

The cannabinoids are effective in various animal mod-
els of NP (80, 81). Discovery of endogenous ligands for
the cannabinoid receptors boosted their research in the
chronic pain conditions. A cannabinoid-based oromu-
cosal spray (2.7 mg delta-9-tetrahydrocannabinol/2.5 mg
cannabidiol) is effective in multiple sclerosis-associated

pain. But the adverse effects include dizziness, dry mouth,
sedation, fatigue, gastrointestinal effects and oral discom-
fort (82). Inhaled 9.4% tetrahydrocannabinol at a dose of
25 mg was effective on patients with post-traumatic and
post-surgical neuropathic pain. It also improved the qual-
ity of sleep; but drug related dry eyes headache, burning
sensation and cough were also reported (83). Long term
studies on the safety of these cannabinoids are yet to come.
Besides, prescribing smoked cannabis is restricted to re-
sistant cases and caution should be taken in patients with
cardiovascular disorders. Recently, preliminary guidelines
also give knowledge about the use of smoked cannabis
(84). Synthetic cannabinoid such as nabilone (1 mg/day)
decreased spasticity related pain without much of these
adverse effects (85). Further, adjuvant effects of 10 and
20 mg doses of dronabinol were also observed in patients
with chronic pain who are under opioid therapy (86). Al-
though no difference in pain suppression was observed be-
tween amitriptyline and nabilone, nabilone was better in
improving the quality of sleep and is considered as an al-
ternative to amitriptyline, but its long term safety profile
should be assessed further (87).

Meanwhile, the results of a clinical trial on the effi-
ciency of fatty acid amide hydrolase (FAAH) inhibitor, PF-
04457845, was unsuccessful in controlling osteoarthritic
pain in spite of being effective in animal models of neuro-
pathic pain (88). But combined administration of monoa-
cylglycerol lipase (endocannabinoid catabolic enzyme) in-
hibitor in combination with NSAIDs was promising in
animal models of neuropathic pain; however its clini-
cal relevance should be established (89). A small study
on 21 patients with different types of neuropathic pain
showed that treatment with ajulemic acid (CT-3) was as-
sociated with reduced mechanical allodyania and over-
all pain score; CT-3 is agonist at both CB1 and CB2 recep-
tors with partial affinity towards peroxisome proliferator-
activated receptor-γ (PPAR-γ) and is devoid of central side
effects (90, 91).

3.3.6. N-Methyl-D-Aspartate Receptor Antagonists

Ketamine and dextromethorphan are the two most
studied NMDA receptor antagonists in NP. Dextromethor-
phan 400 mg/day is effective on patients with PDN, but not
in those with PHN. Recent trial of dextromethorphan in
combination with quinidine had promising results in pa-
tients with PDN (92). In addition, ketamine administered
by intravenous (93) and intranasal (94) routes showed effi-
cacy in NP, but caused somnolence and dizziness. Although
memantine has low side effect profile owing to its rapid
blocking/unblocking kinetics at the NMDARs, it seems to
exhibit only little or no effect on patients with PDN and
PHN (95). In opium abusers, combination of ketamine
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and morphine was effective on postoperative painful con-
dition but the side effect profile remained similar to that
of opioids (96). Besides, preoperative administration of
dextromethorphan reduced the pain intensity and opioid
requirement in patients undergoing arthroscopic surgery
(97). Present data are still conflicting about the efficacy of
NMDA antagonists in NP. Therefore, studies consisting of
agents that would reduce increased NMDA receptor activ-
ity without affecting their physiological function are yet to
come.

3.3.7. Alpha 2-Adrenoceptor Agonists

Applying 0.1% clonidine gel topically on the feet re-
duced the level of pain in patients with PDN (98). Further-
more, clonidine along with opioid is more effective than
clonidine alone to relieve pain in patients with NP (99). Ti-
zanidine is another drug which belongs to this class, with
a dose range of 6 to 36 mg/day, and shows efficacy in pa-
tients with NP (100). Clinical studies supported its use to
manage spasticity associated with multiple sclerosis (MS),
acquired brain injury or spinal cord injury. Tizanidine is
well tolerated, compared to clonidine, regarding the inci-
dence of side effects, such as hypotension, bradycardia and
sedation at antihyperalgesic doses, which are lower than
that of clonidine. The α2-agonist dexmedetomidine, com-
pared with clonidine, is a selective drug, which is well tol-
erated and has FDA approval for its short sedative and anal-
gesic actions. It is used mainly in adjunction to local anes-
thetics owing to its ability to reduce onset, increased dura-
tion of sensory block, prolonged postoperative analgesia
and reduction in the analgesic dose needed (101).

3.3.8. Topical Capsaicin

The efficacy of capsaicin cream (0.025% - 0.075%) in
patients with PDN and PHN is well studied. Now, a high
concentration (8%), which is about 100 times greater than
conventional creams of capsaicin, is approved in EU and
USA for PHN and painful HIV associated neuropathy. It is
an agonist of the transient receptor potential vanilloid-
1 (TRPV1) causing depolarization, action potential gener-
ation and transmission of pain signals. But on repeated
application, axons expressing these receptors are desensi-
tized thereby inhibiting pain transmission. Although de-
pletion of substance-P is proposed as a mechanism of ac-
tion of capsaicin in pain relief, it is suggested that defunc-
tionalisation of nociceptors fibers is the key step involved.
NNT for high dose of capsaicin (8%) single patch to get
more than 30% pain relief was between 10 and 12 (102). In
a Cochrane review performed by Derry et al., it was con-
cluded that high concentration (8%) of topical capsaicin re-
lieved pain in a subset of population along with improve-
ments in sleep, fatigue, depression and quality of life (102).

3.3.9. Botulinum Toxin

This is a neurotoxin with a protective role in spasticity,
focal dystonia and chronic migraine pain. It has FDA ap-
proval for strabismus, focal dystonia, blepharospasm and
upper limb spasticity indications. Mechanism of action
proposed for its therapeutic effect is not clear but inhibi-
tion of release of neural substances and neurotransmitters
thereby causing reduction of neurogenic inflammation is
reported (103). Clinical trials on traumatic and diabetic
neuropathic pain showed promising results with subcuta-
neous injections and importantly no systemic side effects
were reported. Efficacy was reported after one week of ad-
ministration and lasted for three weeks. Studies involving
trigeminal neuralgia, spinal cord injury, complex regional
pain syndrome and PHN also showed promising results
with botulinum toxin treatment with minimal side effect
profile and is well tolerated (104-108).

3.3.10. Combination Therapy

Combination pharmacotherapy of NP involv-
ing different combinations of opioid and TCAs,
gabapentin/pregabalin, cholecystokinin blocker,
gabapentin and nortriptyline, gabapentin and alpha-
liopic acid, fluphenazine and TCAs frequently resulted
in some form of adverse effects on central nervous sys-
tem such as sedation and depression, etc. Among these,
gabapentin in combination with morphine (109) and
gabapentin with nortriptyline resulted in more effica-
cious pain relief than either drugs given alone (110).
Gabapentin in combination with oxycodone also showed
better pain relief than these drugs alone, but had sleep
disturbances as a side effect (111). Ketamine infusion in low
doses along with oral gabapentin reduced the pain scores
in patients with spinal cord injury and is well tolerated
(112). However, delusions were reported with this combina-
tion. Other combination studies include morphine with
amitriptyline, morphine with nortriptyline, duloxetine
with methadone, amitriptyline with ketamine and carba-
mazepine, ketamine with calcitonin, and doxepin with
capsaicin which proved unsuccessful in neuropathic pain
treatment because of several reasons (111). Eisenberg et al.
in their review clearly described the drug combinations
for neuropathic pain treatment and the reasons behind
their failure (111).

Delayed sensory blockade with no significant postop-
erative analgesic effects were obtained for the combina-
tion of magnesium with bupivacaine for spinal anesthesia
in females undergoing cesarean section (113).

3.4. Possible Future Therapies

Selective knock down of sensory neuron specific PN3
but not NaN sodium channel gene expression with anti-
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sense oligo-deoxynucleotides in DRG neurons prevented
the hyperalgesia and allodynia following nerve injury in
rats (114). These sodium channel subtypes with their partic-
ular distribution to the peripheral somatosensory system
are now considered as targets to develop novel analgesic
drugs for NP.

Disrupting specific NMDAR phosphorylation sites or
inhibiting tyrosine kinases (Src) and casein kinase 2 (CK2)
may inhibit pathological NMDAR activity without blocking
the physiological function of NMDARs (95).

Spinal glial cells were activated by damage to pe-
ripheral nerves and affected dorsal horn neurons via
purinergic receptors (P2XY), chemokines (CX3CRs), im-
mune related molecules, release of glutamate, reactive
oxygen species (ROS), adenosine tri phosphate (ATP), CGRP
which lead to activation mitogen-activated protein kinases
(MAPK) family (p38 MAPK/ERK). Consequently, the acti-
vated glia releases a variety of diffusible mediators includ-
ing proinflammatory cytokines/chemokines such as inter-
leukin (IL)-1, IL-6 and tumor necrosis factor (TNF)-α. These
proinflammatory mediators act on their respective recep-
tors reinforcing the pain in the spinal cord. Further, acti-
vated microglia increases calcium signaling in astrocytes
leading to an increase in neuronal hyperexcitability and
pain transmission (115).

Rostral ventral medulla on-cell modulators (impro-
gan) are effective against mechanical allodynia following
unilateral spinal nerve ligation in rats (116). Further, in-
hibiting brain P450 epoxygenase activity abolishes the
improgan antinociception; thus providing a future hope
for newer non-opioid, non-cannabinoid analgesics acting
through supra-spinal sites to inhibit NP.

Tetrahydrobiopterin (BH4) levels elevated under nerve
injury conditions (117). Sepiapterin reductase (SPR) is a ter-
minal enzymatic reaction in the production of BH4. In-
hibiting SPR allows the cells in liver and other periph-
eral sites to synthesize BH4 independent of SPR, through
dihydrofolate reductase (DHFR). But, the lower expres-
sion of DHFR in CNS allows decreased levels of BH4 via
inhibition of SPR. There is also another rate limiting
step in the production of BH4 via GTP cyclohydrolase-1
(GCH-1) (117). Consequently, decreasing BH4 levels lead
to induction of analgesia via the above mentioned path-
ways. Sulfasalazine is an FDA approved drug for its
anti-inflammatory and immuno-modulatory actions in
rheumatoid arthritis, which possesses SPR inhibiting ac-
tions. In diabetic neuropathy on rats with diabetes, sul-
fasalazine completely blocked the development of tactile
allodynia implying the anti-nociceptive effects. Collec-
tively, minimal side effect profile of sulfasalazine suggests
the future development of SPR inhibitors for chronic pain
treatment. Apart from these, Gilron et al. mentioned the

list of newer drugs in phase II clinical trials (118).

3.5. Agents Effective on Peripheral Diabetic Neuropathy

Apart from insulin, thiazolidinediones and other an-
tidiabetic agents are partially effective on patients with
PDN. Inhibitors of aldose reductase, NADPH oxidase, ad-
vanced glycation end products, protein kinase C (PKC) and
poly-ARP are now emerging as novel therapeutic options
for PDN. Epalrestat is the only aldose reductase inhibitor
approved in Japan, has greater efficacy and tolerability in
improving PDN. The mRNA levels of γ-glutamylcysteine
synthetase, an enzyme involved in reduced glutathione
(GSH) synthesis, is dramatically increased by epalrestat
contributing to its efficacy in patients with PDN (119).

PKC activation secondary to increased diacylglycerol
levels in diabetes leads to altered expression of nitric oxide
synthetase and vascular endothelial growth factor (VEGF)
in endothelia cells causing PDN. Ruboxistaurin, a PKC-β in-
hibitor is orally effective in preventing the visual loss in pa-
tients with diabetic retinopathy (120).

4. Conclusions

Due to lack of effective pain reliving agents for chronic
pain such as NP, only insufficient treatment options are
available at present. This, along with complex underlying
pathophysiological mechanisms makes it challenging to
provide adequate analgesia for patients with NP. It is fur-
ther hoped that future development of newer drugs with
adequate efficacy and free from adverse effects or at least
with minimum side effect profile make their way to treat
the patients with chronic pain of different etiologies.
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