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Abstract: Chronic neuropathic pain is a prevalent condition that places a heavy burden on
individuals and the healthcare system. Current medications have limitations and new approaches
are needed, particularly given the current opioid crisis. There is some clinical evidence that the plant
Cannabis sativa produces relief from neuropathic pain. However, current meta-analyses suggest that
this efficacy is limited and there are problems with side effects. Most of this clinical research has
examined whole cannabis, the psychoactive phytocannabinoid 9-tetrahydrocannabinol (THC), and
nabiximols, which are a mixture of THC and the non-psychoactive phytocannabinoid cannabidiol.
In the past, there has been little evidence based, preclinical animal research to guide clinical studies
on phytocannabinoids. Recent animal studies indicate that while THC and high dose nabiximols
are effective in animal neuropathic pain models, significant pain relief is only achieved at doses that
produce substantial side effects. By contrast, cannabidiol and low dose nabiximols have moderate
pain relieving efficacy, but are devoid of cannabinoid-like side effects. This animal data suggests that
cannabidiol and low dose nabiximols warrant consideration for clinical studies, at least as adjuvants
to current drugs. Preclinical research is also required to identify other phytocannabinoids that have
therapeutic potential.
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1. Introduction

Chronic pain, or pain persisting for longer than the time expected for tissue healing, is a
prevalent and costly condition that places a large burden on the healthcare system. Chronic pain
affects approximately 40% of adults in the United States of America, with an estimated annual
cost of up to $635 billion [1]. Neuropathic pain is a particularly debilitating form of chronic
pain arising from damage to the central or peripheral nervous systems, which can be caused by
physical trauma (for example, accidents, surgery, and stroke), diseases including diabetes, cancer,
and immune disorders, and medications such as cancer chemotherapy agents [2]. It is a severe
abnormal pain syndrome, generally characterized by spontaneous pain (pain in the absence of any
stimulus). Sufferers may also experience mechanical and/or thermal allodynia, abnormal pain states
whereby normally innocuous stimuli such as light touch or stroking (for example from putting on
clothing), or mild temperate changes (such as showering) are perceived as painful. Hyperalgesia,
or an increased pain response to a usually mildly painful stimulus, may also occur [3,4]. In addition to
pain, many neuropathic pain patients also suffer from comorbid psychosocial disturbances including
depression, anxiety, sleep disorders, and reduced social interactions [5].
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Compounding these problems, neuropathic pain is extremely difficult to manage, with currently
available pharmacotherapies providing limited pain relief and often having disabling side effects
including dizziness, sedation, depression, and sleep disorders, rendering them intolerable to many
patients [6,7]. Indeed, at least 50% of neuropathic pain sufferers do not obtain clinically meaningful
pain relief from current therapeutic options [7]. These limitations highlight the need for new
therapeutic options, either as first-line medications or as adjuvants to enhance current therapies.
This narrative review summarizes the literature regarding the use of cannabinoids for the treatment of
neuropathic pain.

2. Cannabis

The plant Cannabis sativa has been used for millennia for treatment of a variety of conditions
including sleep disorders, pain, anxiety, depression, stress, and neuralgia [8,9]. It has recently
received a lot of media and political attention as an alternative treatment option for chronic diseases
including pain, multiple sclerosis, and epilepsy. The Cannabis sativa plant contains over 400 different
compounds, including phytocannabinoids and other compounds. However, the majority of clinical
and preclinical research has focused on whole cannabis and its two major phytocannabinoid extracts,
delta-9-tetrahydrocannabinol (THC) and cannabidiol, either alone or in combination. A number
of preclinical studies have shown that phytocannabinoids produce some of their physiological
effects by acting on an endogenous neurotransmitter system comprising endogenous cannabinoids
(endocannabinoids), a class of G-protein coupled receptors (CB1 and CB2 receptors), and systems
for their production and degradation [10]. The role of the endocannabinoid system in these studies
has traditionally been assessed using synthetic cannabinoid receptor agonists, selective cannabinoid
receptor antagonists, and cannabinoid receptor knockout animals [11].

THC is the primary psychoactive component of Cannabis sativa and has beneficial analgesic,
anti-inflammatory, and anti-emetic effects; however it also produces side effects including cognitive
impairment, dizziness, sedation, motor incoordination, anxiety, dry mouth and/or eyes, and
psychosis [12,13]. Cannabidiol is the primary non-psychoactive component of Cannabis sativa and has
anti-inflammatory, neuroprotective, anxiolytic, and anti-psychotic actions, but does not produce the
typical cannabinoid side effects [12,14]. While the actions of THC are at least partly mediated by CB1
and CB2 receptors, the actions of cannabidiol are only partly mediated by CB2 receptors, with other
receptor systems having a major role in its activity [10,15].

3. The Clinical Evidence for Cannabinoid Efficacy against Neuropathic Pain Is Poor

To date, clinical studies have largely focused on phytocannabinoids, including whole cannabis,
THC or its synthetic analogue (dronabinol), or nabiximols which are combinations of THC
and cannabidiol (e.g. Sativex) to treat neuropathic pain of various origins. In these studies,
the phytocannabinoids are most commonly delivered by inhalation (vaporized, smoked), orally,
or oromucosally.

During the first 10 years of the millennium, a number of studies investigated the effect of smoked
cannabis products for relief of neuropathic pain, including naturalistic and observational studies as
well as randomized controlled trials. The findings of a 2005 observational study suggest that cannabis
is useful for the treatment of neuropathic pain and is better tolerated by patients when compared
to prescription medication [8]. It has been suggested that cannabis cigarettes relieve HIV-associated
neuropathic pain at a comparable level to prescription medications in patients with pain refractory
to other treatments [16,17]. These findings are supported by a study evaluating efficacy of smoked
cannabis for neuropathic pain, with 3.5% and 7% THC cigarettes providing analgesia superior to
placebo [18].

More recently, clinical trials have focused on vaporization, whereby active cannabinoids are
released without harmful compounds associated with carbon combustion [16]. Similarly to smoked
cannabis, studies examining vaporized cannabis at various doses suggest that it is effective for
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treatment of neuropathic pain [18,19]. Of note is the finding in many of these studies that low-dose
THC is equally as effective as medium and high doses, with reduced frequency and intensity of side
effects in the low dose groups, suggesting that it is possible to provide analgesia without adverse
side effects.

Interestingly, it has been suggested that co-administration of THC and cannabidiol may enhance
therapeutic benefits while attenuating undesirable THC side effects [20–22]. Many clinical trials
support this notion [12,14,23]. For example, it has been shown that cannabis cigarettes containing
higher levels of cannabidiol produce less of the memory impairment and cognitive deficits associated
with THC [14]. However, the interactions between THC and cannabidiol are highly variable and
appear to depend upon dose ratios and the experimental measure being evaluated [24]. Thus, there is
no strong evidence for synergistic, or even additive beneficial effects of these cannabis constituents.

Given that nabiximols (oromucosal sprays containing both THC and cannabidiol) have received
regulatory approval in many countries, the safety and convenience of the oromucosal administration
route, and the evidence for modulation of adverse THC side effects by cannabidiol, there is a body of
clinical research evaluating THC and cannabidiol in combination. Many studies evaluating nabiximols
suggest that they provide effective analgesia (reduction in pain intensity and allodynia) in addition to
helping with sleep and disability associated with pain. They are usually well-tolerated by patients,
with side effects generally being described as mild to moderate and not significantly impacting on
day-to-day functioning [25–27]. Of note is the fact that tolerance does not seem to develop in open-label
extension studies, with benefits being maintained for up to four years on a stable dose [23]. It has
also been suggested that more patients may benefit from long term use when compared to short
term use [25,28]. However, other studies suggest that nabiximols are not useful for treatment of
neuropathic pain, with findings suggesting that despite patients reporting improvement in sleep
quality and global impression of change, there is no significant reduction in pain [29]. Another study
reported conflicting results in the two phases of the study, and although there were no significant
benefits compared to placebo in the treatment phase, nabiximols provided analgesia (>30% pain
improvement), improved sleep, and maintenance of analgesia compared to placebo in the withdrawal
phase. It is of note that patients who stopped THC/cannabidiol therapy did not experience withdrawal
syndrome [30]. Another study reported no significant difference in mean pain score or pain intensity
between THC/cannabidiol treatment and placebo, although this finding is questionable as depression
was a major confounder [31].

While the above studies suggest that cannabis may be useful for chronic neuropathic pain, it is
important to note that the most up-to-date meta-analysis of cannabinoids suggests that they have
some, but only modest, efficacy against chronic pain [32–36]. The problem, however, is that such a
cannabinoid meta-analysis does not always distinguish between types of cannabinoids used in these
studies, or their route, dose, or duration of administration. This might be contrasted to a meta-analysis
of a specific drug, such as gabapentin or pregabalin, which only evaluates studies that use specific
doses and routes of administration. In addition, such a meta-analysis does not always distinguish
between disease types/subtypes and their severity, or whether patients are resistant to current drugs.
This information may be crucial in determining the most effective use of cannabinoids.

4. How Does This Correlate to Preclinical Animal Studies

Given the paucity of clinical evidence in favor of cannabinoids, it is somewhat surprising that
there is a very large body of preclinical animal evidence that synthetic cannabinoid agonists are highly
effective for the treatment of neuropathic pain [6]. Unlike clinical trials, however, far fewer preclinical
studies have examined the actions of phytocannabinoids. Nonetheless, a small group of studies have
demonstrated that THC and cannabidiol, either alone or in combination, have pain relieving efficacy
in a range of animal neuropathic pain models.
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4.1. THC

THC has been shown to abolish the mechanical and thermal allodynia associated with
various neuropathic pain models in rodents [15,37–40]. However, in addition to analgesia, THC
also produces classic cannabinoid side effects such as sedation, catalepsy, reduced locomotion,
and hypothermia [21,24,26,41]. The question therefore arises, “why has this not translated into
clinical studies?”

One important issue with these studies is that they rarely determine the window between the
doses at which drugs produce analgesia and side-effects. We have recently shown that THC has a
therapeutic index of approximately 5–6, i.e., it produces analgesia with an ED50 5–6 times lower than
that at which it produces side-effects [15]. Unfortunately, this is a relatively small separation between
analgesia and side-effects, albeit better than synthetic cannabinoid agonists (such as WIN55212) which
have therapeutic indices of near unity, i.e., no window between analgesia and side-effects [42–44].

4.2. Cannabidiol

Like THC, cannabidiol has been shown to reduce the pain associated with various neuropathic
pain models in rodents [15,38,40,45–47]. However, it should be noted that cannabidiol has a maximal
analgesic effect (efficacy) that is only half of that observed for THC [15]. Unlike THC, cannabidiol does
not produce cannabinoid-like side effects even at high doses, which suggests that cannabidiol has a
very wide therapeutic window [15]. It might also be noted that some studies have shown that the
analgesic efficacy of cannabidiol improves with chronic treatment [45]. Thus, cannabidiol presents a
potential alternative therapy that has not been explored in clinical studies.

4.3. Combination THC and Cannabidiol (Nabiximols)

Given the widespread belief that nabiximols may offer chronic pain relief with fewer side effects,
it is surprising that, until last year, no preclinical studies had investigated the interaction between THC
and cannabidiol in a neuropathic pain state. It has recently been shown that THC and cannabidiol
administered in a 1:1 ratio act synergistically to prevent the development of chemotherapy-drug
induced neuropathic pain in mice [40]. In addition, we have recently demonstrated a highly synergistic
interaction between THC and cannabidiol in reducing allodynia associated with a nerve injury model
in mice [15]. It is of note that this synergy did not extend to the side effects of THC, with the side
effect profile of the THC/cannabidiol combination being similar to that for THC alone. The results
of these studies indicate that THC/cannabidiol combination treatment has a very large therapeutic
window [15].

There are two important caveats arising from the above preclinical study [15]. Firstly, the analgesic
efficacy of the THC/cannabidiol combination at low doses is only 30–60% of that of THC. This is
similar to that observed for cannabidiol alone. Secondly, the analgesic and side effect profile of the
THC/cannabidiol combination at high doses is virtually indistinguishable from that of THC alone.
Thus, co-administration of THC and cannabidiol may only offer a superior option to THC at low doses,
and even then it might be better as an adjuvant to current therapies.

4.4. Comparing the Phytocannabinoids

The above preclinical studies indicate that while the major psychoactive component of cannabis,
THC, efficaciously reduces neuropathic pain, it has a relatively small therapeutic window. This will
lead to the emergence of significant side effects at any dose that produces meaningful pain relief,
and indeed, this is reflected in a number of clinical studies. The major non-psychoactive ingredient
of cannabis, cannabidiol, differs from THC in its relative benefits and risks. While cannabidiol
has lower efficacy against neuropathic pain, it displays an excellent therapeutic window, at least
in terms of cannabinoid-like side effects. To date, there are no major clinical studies on the
effectiveness of cannabidiol for the treatment of neuropathic pain. Finally, the benefits of combination
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THC/cannabidiol therapy only become evident at low doses where it is more likely to provide a low
efficacy adjuvant to other therapies. At high doses, the animal evidence suggests that combination
THC/cannabidiol treatment will offer no advantages over THC.

5. Conclusions

While there is clinical evidence that cannabis and its extracts have some efficacy against chronic
neuropathic pain, the current meta-analyses suggest that this efficacy is relatively modest compared
to placebo. It might be noted, however, that cannabis and cannabinoids consistently improve sleep
and disability index despite the fact that they do not always significantly improve pain. Cannabinoids
are generally well-tolerated by patients and there is good evidence to suggest that tolerance does not
develop to their beneficial effects. In fact, a higher proportion of patients respond better to longer term
treatment, suggesting that cannabinoids may offer a safer alternative than some current treatments.

It is unclear from the meta-analyses of clinical studies which phytocannabinoids or synthetic
cannabinoids should be pursued. While such a decision requires evidence based research, preclinical
animal studies have only recently systematically examined the effectiveness of phytocannabinoids
in neuropathic pain states. These studies indicate that THC and a high dose THC/cannabidiol
combination are not ideal options for neuropathic pain. By contrast, a low dose THC/cannabidiol
combination and even high dose cannabidiol have potential, and neither of these have been examined
in clinical trials. It is also possible that other phytocannabinoids in the cannabis plant might provide
therapeutic options, although these would have to be first evaluated in preclinical animal studies.

Author Contributions: S.L.C. and C.W.V. conceived the study and formally analyzed and investigated the
literature, S.L.C. wrote the original draft, S.L.C. and C.W.V. reviewed and edited the manuscript, and C.W.V.
acquired funds.

Funding: Sherelle L. Casey is funded by the APS/APRA/Seqirus #1 PhD Scholarship.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Institute of Medicine (US) Committee on Advancing Pain Research, Care, and Education. Relieving Pain in
America: A Blueprint for Transforming Prevention, Care, Education, and Research; National Academies Press (US):
Washington, DC, USA, 2011.

2. Jensen, T.S.; Finnerup, N.B. Management of neuropathic pain. Curr. Opin. Support. Palliat. Care 2007, 1,
126–131. [CrossRef] [PubMed]

3. Dubin, A.E.; Patapoutian, A. Nociceptors: The sensors of the pain pathway. J. Clin. Investig. 2010, 120,
3760–3772. [CrossRef] [PubMed]

4. Costigan, M.; Scholz, J.; Woolf, C.J. Neuropathic pain: A maladaptive response of the nervous system to
damage. Ann. Rev. Neurosci. 2009, 32, 1–32. [CrossRef] [PubMed]

5. Turk, D.C.; Audette, J.; Levy, R.M.; Mackey, S.C.; Stanos, S. Assessment and treatment of psychosocial
comorbidities in patients with neuropathic pain. Mayo Clin. Proc. 2010, 85, S42–S50. [CrossRef] [PubMed]

6. Rahn, E.J.; Hohmann, A.G. Cannabinoids as pharmacotherapies for neuropathic pain: From the bench to the
bedside. Neurotherapeutics 2009, 6, 713–737. [CrossRef] [PubMed]

7. Dworkin, R.H.; O’Connor, A.B.; Audette, J.; Baron, R.; Gourlay, G.K.; Haanpaa, M.L.; Kent, J.L.; Krane, E.J.;
Lebel, A.A.; Levy, R.M.; et al. Recommendations for the pharmacological management of neuropathic pain:
An overview and literature update. Mayo Clin. Proc. 2010, 85, S3–S14. [CrossRef] [PubMed]

8. Ware, M.A.; Adams, H.; Guy, G.W. The medicinal use of cannabis in the uk: Results of a nationwide survey.
Int. J. Clin. Pract. 2005, 59, 291–295. [CrossRef] [PubMed]

9. Notcutt, W.; Price, M.; Miller, R.; Newport, S.; Phillips, C.; Simmons, S.; Sansom, C. Initial experiences with
medicinal extracts of cannabis for chronic pain: Results from 34 ‘n of 1’ studies. Anaesthesia 2004, 59, 440–452.
[CrossRef] [PubMed]

10. Pertwee, R.G. Ligands that target cannabinoid receptors in the brain: From thc to anandamide and beyond.
Addict. Biol. 2008, 13, 147–159. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/SPC.0b013e3282eeb45f
http://www.ncbi.nlm.nih.gov/pubmed/18685353
http://dx.doi.org/10.1172/JCI42843
http://www.ncbi.nlm.nih.gov/pubmed/21041958
http://dx.doi.org/10.1146/annurev.neuro.051508.135531
http://www.ncbi.nlm.nih.gov/pubmed/19400724
http://dx.doi.org/10.4065/mcp.2009.0648
http://www.ncbi.nlm.nih.gov/pubmed/20194148
http://dx.doi.org/10.1016/j.nurt.2009.08.002
http://www.ncbi.nlm.nih.gov/pubmed/19789075
http://dx.doi.org/10.4065/mcp.2009.0649
http://www.ncbi.nlm.nih.gov/pubmed/20194146
http://dx.doi.org/10.1111/j.1742-1241.2004.00271.x
http://www.ncbi.nlm.nih.gov/pubmed/15857325
http://dx.doi.org/10.1111/j.1365-2044.2004.03674.x
http://www.ncbi.nlm.nih.gov/pubmed/15096238
http://dx.doi.org/10.1111/j.1369-1600.2008.00108.x
http://www.ncbi.nlm.nih.gov/pubmed/18482430


Medicines 2018, 5, 67 6 of 7

11. Pertwee, R. Cannabinoid pharmacology: The first 66 years. Br. J. Pharmacol. 2006, 147, S163–S171. [CrossRef]
[PubMed]

12. Robson, P.J. Therapeutic potential of cannabinoid medicines. Drug Test. Anal. 2014, 6, 24–30. [CrossRef]
[PubMed]

13. Borgelt Laura, M.; Franson Kari, L.; Nussbaum Abraham, M.; Wang George, S. The pharmacologic and
clinical effects of medical cannabis. Pharmacotherapy 2013, 33, 195–209. [CrossRef] [PubMed]

14. Morgan, C.J.; Schafer, G.; Freeman, T.P.; Curran, H.V. Impact of cannabidiol on the acute memory
and psychotomimetic effects of smoked cannabis: Naturalistic study: Naturalistic study [corrected].
Br. J. Psychiatry 2010, 197, 285–290. [CrossRef] [PubMed]

15. Casey, S.L.; Atwal, N.; Vaughan, C.W. Cannabis constituent synergy in a mouse neuropathic pain model.
Pain 2017, 158, 2452–2460. [CrossRef] [PubMed]

16. Abrams, D.I.; Jay, C.A.; Shade, S.B.; Vizoso, H.; Reda, H.; Press, S.; Kelly, M.E.; Rowbotham, M.C.;
Petersen, K.L. Cannabis in painful hiv-associated sensory neuropathy: A randomized, placebo-controlled
trial. Neuropsychopharmacology 2007, 68, 515–521. [CrossRef] [PubMed]

17. Ellis, R.J.; Toperoff, W.; Vaida, F.; van den Brande, G.; Gonzales, J.; Gouaux, B.; Bentley, H.; Atkinson, J.H.
Smoked medicinal cannabis for neuropathic pain in hiv: A randomized, crossover clinical trial.
Neuropsychopharmacology 2009, 34, 672–680. [CrossRef] [PubMed]

18. Wilsey, B.; Marcotte, T.; Deutsch, R.; Gouaux, B.; Sakai, S.; Donaghe, H. Low-dose vaporized cannabis
significantly improves neuropathic pain. J. Pain 2013, 14, 136–148. [CrossRef] [PubMed]

19. Wallace, M.S.; Marcotte, T.D.; Umlauf, A.; Gouaux, B.; Atkinson, J.H. Efficacy of inhaled cannabis on painful
diabetic neuropathy. J. Pain 2015, 16, 616–627. [CrossRef] [PubMed]

20. Russo, E.; Guy, G.W. A tale of two cannabinoids: The therapeutic rationale for combining
tetrahydrocannabinol and cannabidiol. Med. Hypotheses 2006, 66, 234–246. [CrossRef] [PubMed]

21. Hayakawa, K.; Mishima, K.; Hazekawa, M.; Sano, K.; Irie, K.; Orito, K.; Egawa, T.; Kitamura, Y.; Uchida, N.;
Nishimura, R.; et al. Cannabidiol potentiates pharmacological effects of delta(9)-tetrahydrocannabinol via
cb(1) receptor-dependent mechanism. Brain Res. 2008, 1188, 157–164. [CrossRef] [PubMed]

22. Todd, S.M.; Arnold, J.C. Neural correlates of interactions between cannabidiol and
delta(9)-tetrahydrocannabinol in mice: Implications for medical cannabis. Br. J. Pharmacol. 2016,
173, 53–65. [CrossRef] [PubMed]

23. Russo, E.B.; Guy, G.W.; Robson, P.J. Cannabis, pain, and sleep: Lessons from therapeutic clinical trials of
sativex, a cannabis-based medicine. Chem. Biodivers. 2007, 4, 1729–1743. [CrossRef] [PubMed]

24. Boggs, D.L.; Nguyen, J.D.; Morgenson, D.; Taffe, M.A.; Ranganathan, M. Clinical and preclinical evidence
for functional interactions of cannabidiol and δ9-tetrahydrocannabinol. Neuropsychopharmacology 2018, 43,
142–154. [CrossRef] [PubMed]

25. Nurmikko, T.J.; Serpell, M.G.; Hoggart, B.; Toomey, P.J.; Morlion, B.J.; Haines, D. Sativex successfully treats
neuropathic pain characterised by allodynia: A randomised, double-blind, placebo-controlled clinical trials.
Pain 2007, 133, 210–220. [CrossRef] [PubMed]

26. Taffe, M.A.; Creehan, K.M.; Vandewater, S.A. Cannabidiol fails to reverse hypothermia or locomotor
suppression induced by delta(9) -tetrahydrocannabinol in sprague-dawley rats. Br. J. Pharmacol. 2015,
172, 1783–1791. [CrossRef] [PubMed]

27. Berman, J.S.; Symonds, C.; Birch, R. Efficacy of two cannabis based medicinal extracts for relief of central
neuropathic pain from brachial plexus avulsion: Results of a randomized controlled trial. Pain 2004, 112,
299–306. [CrossRef] [PubMed]

28. Hoggart, B.; Ratcliffe, S.; Ehler, E.; Simpson, K.H.; Hovorka, J.; Lejčko, J.; Taylor, L.; Lauder, H.; Serpell, M.
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