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2003;6:208-211 (Article in Dutch), with permission.

This Chapter is based on the original text, which is updated with recent literature 
and procedures in an addendum.
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4.1.    Introduction
The International Association for the Study of Pain (IASP) defines neuropathic pain as pain 
caused by a primary lesion or dysfunction of the nervous system. Nociceptive pain is caused 
by an activation of peripheral nociceptors, in the event of (potential) tissue damage [Merskey 
and Bogduk, 1994; Dellemijn and Weber; 2000].
The treatment of neuropathic pain is difficult, especially when compared to nociceptive 
pain where adequate analgesia can be achieved in the majority of patients with analgesic as 
NSAIDs and opioids. There are no exact incidence and prevalence figures of neuropathic 
pain, but it is estimated that up to 3% of the population suffers from neuropathic pain at any 
moment [Carter et al., 2001; Smith and Chong, 2000]. These figures suggest that neuropathic 
pain is a frequently occurring phenomenon.
Neuropathic pain may occur in many diseases, such as multiple sclerosis (central pain) or 
diabetes (polyneuropathy). 50% pain reduction is achieved in a third of all patients with neu-
ropathic pain with tricyclic antidepressant or anticonvulsant drugs. Intolerable side-effects are 
often a reason to quit these medication [McQuay and Moore, 1998a+b].
The consequence of persisting (neuropathic) pain is that it severely affects the patient’s 
psychological and social functioning. Patients may become disabled and socially isolated. Thus, 
finding ways to treat this difficult pain in an adequate manner is of the utmost importance. It 
has been suggested that cannabinoids may contribute to the alleviation of neuropathic pain 
[Martin, 1999; Mather, 2001; Kumar et al., 2001; Iversen and Chapman, 2001; Pertwee, 2001].

4.2.    Cannabinoids and cannabinoid receptors
Thus far, two types of cannabinoid receptors have been isolated: CB1- and CB2-receptors, 
upon which endogenous and exogenous cannabinoid agonist agents may exert an effect 
(see Table 1).
Exogenous cannabinoids may be classified as synthetic and naturally occurring cannabinoids. 
In the plant Cannabis sativa, more than 60 different types of cannabinoids have been disco-
vered, of which �9-tetrahydrocannabinol (�9-THC) is the most well known. Recently, an 
endogenous cannabinoid system  has been discovered [Martin, 1999].

Table 1. Characteristics of cannbinoid receptors

Localisation

Cell type
Agonist
      - Endogenous

      - Exogenous      
Antagonist
Table 1: Characteristics of cannabinoid receptors, including main agonist and antagonist agents.

CB�
Central and peripheral
nervous system
Neuronal

Anandamide; 2-
arachidonyl-glycerol
WIN55,212-2; �9-THC; 
CP55,940; HU210    
SR141716A 

CB�
Periphery      

Non-neuronal (immune)  

Anandamide; 
Palmitoylethanolamide;
WIN55,212-2; �9-THC; 
CP55,940; HU210 
SR144528   
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CB1-receptors are mainly localised in the central nervous system; the thalamus, neocortex, 
in and around the hippocampus, the periaqueductal gray (PAG) and the cerebellum. CB1-
receptors are also found in the peripheral endings of somatosensory nerves. When activated 
by an agonist, CB1-receptors exert an analgesic effect, but also affect motor function, memo-
ry and mood. The main endogenous agonist is anandamine, the most important exogenous 
agonist is �9-THC [Joy et al., 1999; Iversen and Chapman, 2001; Pertwee, 2001].
CB2-receptors are predominantly localised in peripheral (non-neuronal) tissues on cells of 
the immune system. Through activation of CB2-receptors, cannabinoids influence the im-
mune system in a complex way that is still unclear. These receptors are also involved in the 
modulation of pain and possess an anti-inflammatory effect [Joy et al., 1999; Pertwee, 2001].

4.2.1.        The antinociceptive effect of cannabinoids
The analgesic effect of cannabinoids can be subdivided in a central and a peripheral compo-
nent. Whereas CB2-receptors are located predominantly in the periphery, CB1-receptors 
are located both peripherally and centrally. In Table 2, the main analgesic effects of cannabi-
noids are highlighted.

4.2.1.1.            Peripheral antinociceptive mechanisms of cannabinoids
The anti-inflammatory anti-nociceptive effect is mainly CB2-receptor mediated, and is mainly 
due to a decreased release of histamine from mast-cells. Furthermore, investigators found 
evidence for selective COX-2 inhibition through cannabinoid activation of predominantly 
CB2-receptors.
CB1-receptors are expressed on Aβ- and Aδ- myelinated primary afferent nerve fibres. 
These fibres are far less densely populated with μ-opioid receptors than with CB1-receptors. 
In contrast, C-fibre nociceptive afferents are more densely populated with μ-opioid recep-
tors. Since neuropathic pain is partially caused by abnormal activation of damaged Aβ- and 
Aδ-fibres, CB1-agonists are likely to be of greater benefit than opioids in suppressing pain 
of this kind [Pertwee, 2001]. In the periphery, the release of excitatory neuropeptides from 
the distal ends of afferent fibres following injury is inhibited after stimulation of CB1-recep-
tors. In the dorsal horn, stimulation of presynaptic CB1-receptors leads to the inhibition of 
the release of excitatory neurotransmitters substance P and calcitonin gene related peptide 
(CGRP) [Martin, 1999].

4.2.1.2.            Central antinociceptive mechanisms of cannabinoids
Cannabinoids affect the transmission from first to second degree afferent neurones in the 
spinal cord, both presynaptically and postsynaptically. CB1-receptors are involved in the 
attenuation of ‘wind-up’ by wide dynamic range-neurones, without affecting basal C-fibre 
responses from the periphery. In this respect, the ‘system’ is normalised rather than brought 
to a standstill, in contrast to opioid-analgesia. When ‘wind-up’ is inhibited, the chance that 
phenomena such as allodynia and hyperalgesia will develop is reduced [Martin, 1999; Kumar 
et al., 2001; Fox et al., 2001].
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Cannabinoids selectively inhibit nociceptive stimuli in higher regions of the central nervous 
system. CB1-receptors are located in the hippocampus, basal ganglia and the cerebellum. In 
contrast to opioid receptors, CB1-receptors are scarce in the brainstem, which could be an 
explanation for the absence of respiratory depression with cannabinoid analgesia [Martin, 
1999].
Opioids and cannabinoids work synergistically to produce analgesia. Cannabinoids stimulate 
the release of endogenous opioids that act at μ-receptors at cerebral level and at κ-recep-
tors at spinal level. This synergistic effect can be blocked by both cannabinoid and opioid 
receptor antagonists [Smith et al., 1998; Kumar et al., 2001; Pertwee, 2001].
Descending inhibitory pathways are stimulated by cannabinoid actions. Many opioid and 
cannabinoid receptors are located in the periaqueductal gray (PAG) [Martin, 1999; Iversen 
and Chapman, 2001; Pertwee, 2001]. From the PAG, descending pathways inhibit nociceptive 
stimuli in the spinal cord by means of noradrenalin release onto α2-adrenoreceptors. Can-
nabinoids are also involved in a reduction of GABA-ergic inhibition of the PAG, thus creating 
a similar effect [Smith et al., 1998; Kumar et al., 2001; Pertwee, 2001].

4.3.    Cannabinoids in neuropathic pain
Considering the severity and intractable nature of neuropathic pain, and the consequences 
neuropathic pain carries for the sufferer, it is important to carefully search for a treatment 
strategy that adequately reduces pain as well as improving the quality of life. In the 1970s, 
several clinical studies have demonstrated a moderate effect of cannabinoids in patients with 
post-operative pain and cancer pain [Noyes et al., 1975a+b; Jain et al., 1981]. At present, the 
efficacy of cannabis and cannabinoids against neuropathic pain has not yet been investigated 
in randomised controlled trials; arguments for its efficacy are based on anecdotal evidence.
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Table 2. Central and peripheral actions of cannabinoids

Table 2: Central and peripheral actions of cannabinoids

Peripheral
  Anti-inflammatory actions       

  Inhibition of ectopic activation in 
  1st order afferent fibres   
  Reduction of presynaptic release of 
  Substance P and CGRP in the dorsal horn    
  Reduction of release of neuropeptides
  from peripheral ends of 1st order 
  afferent fibres 

Central
  Postsynaptic inhibition of nociceptive input
  from 1st order afferent fibres in the spinal cord 
  Inhibition of ‘wind-up response’ in WDR-
  neurones; normalisation of pain thresholds     
  Inhibition of nociceptive stimuli at cerebral level

  Synergism with opioid system   

  Disinhibition of descending noradrenergic 
  and serotonergic pathways    
  Stimulation of α2-adrenergic receptors 
  GABA-mediated disinhibition of PAG
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The pathophysiological mechanisms of neuropathic pain lie within the nervous system. 
Therefore, it is improbable that peripheral CB2-receptor mediated analgesia will contribute 
significantly to alleviate neuropathic pain [Pertwee, 2001]. Analgesia for neuropathic pain con-
ditions will thus be predominantly based on actions through CB1-receptors.
As stated above, the principal effects of cannabinoids lie in the inhibition of ectopic activation 
of Aβ-afferent fibres, and a reduction of substance P and CGRP in pathologic spinal connec-
tions of these afferents onto nociceptive 2nd order neurones. These mechanisms of action of 
cannabinoids constitute an analgesic potential for neuropathic pain and – more specifically 
– allodynia (see also Chapter 2 for more details on the pathophysiological mechanisms of al-
lodynia). In animal models, the efficacy of cannabinoids against allodynia and hyperalgesia has 
been consistently demonstrated [Martin, 1999; Iversen and Chapman, 2001; Pertwee, 2001].
In the Netherlands, the use of cannabis for medicinal purposes is allowed. A therapeutic trial 
with cannabis in a patient with intractable neuropathic pain, in whom standard therapeutic 
options failed or when side-effects appeared intolerable, can thus be considered.
When a physician prescribes cannabis, most commonly the patient is advised to make his 
own cannabis-‘tea’ out of ‘medicinal degree cannabis’ (in Dutch: Medicinale Graad Cannabis 
or MGC). As yet, prescribing cannabis as a pill is practically impossible. For example, dronabi-
nol (Marinol®) contains synthetic �9-THC but it is very expensive and it is not compensated 
for by the health insurance.
Cannabis-tea should be made by the patient himself out of a fixed quantity of MGC. MGC 
is sterilised whole-plant cannabis that can be prescribed in quantities of 5 and 25 grams. 
MGC is produced by Maripharm Co. (Rotterdam). The company and the patient interest 
group medicinal marihuana (in Dutch: Stichting Patiëntenbelangen Medicinale Marihuana) 
advise patients to softly boil 1 gram of MGC in a litre of water, and drink one cup (0,2 l) of 
the extract per day. The remaining extract should be kept cool in the refrigerator. It may last 
2 weeks for the analgesic effect of the cannabis-tea to set in. When at that time the effect is 
insufficient, the dose can be increased to two cups per day. The patient should receive accu-
rate instructions regarding the preparation of the cannabis-tea [www.maripharm.nl; consulted 
Jan 23, 2003].
When the cannabis is smoked or inhaled, the effect of the cannabinoids is noticeable within 
minutes. Psychomotor side-effects are much more common and may be an important rea-
son to drop out. Moreover, the inhaled smoke from a cannabis-cigarette is more carcinogenic 
than tobacco smoke and should thus not be advised.

4.4.    Clinical research
The intractable nature of most types of neuropathic pain necessitates further clinical re-
search of new therapeutic agents. The efficacy of cannabinoids – and many of the mecha-
nisms of action – have been established in animal studies. The most important potential 
benefit lies in the efficacy of cannabinoids against neuropathic pain in general and allodynia 
and hyperalgesia in particular.
Ideally, randomised controlled trials should be performed in which the efficacy of specific 
cannabinoids should be tested. With the use of quantitative sensory testing the effect on 
allodynia and/or hyperalgesia can be assessed. Subtle somatosensory aberrations can be 
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detected and quantified, changes of sensory and pain thresholds throughout the trial can be 
monitored closely.

Addendum
The text of the article on which this Chapter is based, was written in 2002 and published in 
2003. Since then, the field of neuropathic pain management and cannabinoid research has 
developed further. To the best knowledge of the authors, in 2002 there was no therapeutic 
agent that had been proven efficacy against stimulus-evoked pain, i.e. allodynia and hyperal-
gesia. Based on animal studies, an effect of cannabinoids against allodynia and hyperalgesia 
had been demonstrated, however, this effect had not been tested in humans.
In 2002, we had designed a number of studies in which we aimed to validate the quantifi-
cation of stimulus-evoked pain by means of a set of Von Frey monofilaments. One of these 
studies entailed the investigation of the clinical relevance of quantitative sensory testing with 
Von Frey monofilaments in patients with unilateral neuropathic pain. In order to answer this 
question, we would need to induce a change in both the spontaneous pain and the pain 
thresholds that we assessed with QST in our patients throughout the study (for more details 
see also Chapter 7).
We chose to use cannabis for this purpose. Firstly, because of the anti-allodynic and anti-hy-
peralgesic properties found in animal studies and, secondly, since we aimed to use the pain 
scores and QST results from this study as a pilot for a future randomised controlled trial in 
which the efficacy of cannabis could be tested. The prevailing method to administer medici-
nal cannabis in the Netherlands at that time, was by means of a cannabis-extract as descri-
bed in paragraph 4.4.
In the last several years, randomised clinical trials in patients with neuropathic pain and stimu-
lus-evoked pain have been performed with several different forms of administration of the 
cannabis. Several studies have demonstrated an analgesic effect of dronabinol in patients with 
central pain due to multiple sclerosis (MS), with an NNT of approximately 3,5. Few intole-
rable adverse effects occurred [Karst et al., 2003; Svendsen et al., 2004; Hosking and Zajicek, 
2008]. Topically administered cannabinoid agonists attenuated capsaicin-induced hyperalge-
sia and allodynia in humans [Rukwied et al., 2003]. Results of studies with oral cannabinoids 
against allodynia have been ambiguous, have several studies with inhaled cannabinoids de-
monstrated its anti-allodynic and anti-hyperalgesic properties [Abrams et al., 2007; Nurmikko 
et al., 2007].
Clinical studies with an oromucosal spray containing a 1:1 mixture of THC and CBD (can-
nabidiol) have been carried out, demonstrating an analgesic effect of cannabinoids in patients 
with chronic neuropathic pain. This spray is manufactured in the UK by GW Pharmaceuticals 
and is called Sativex®. The analgesic potential of Sativex against neuropathic pain has been 
investigated and confirmed in multiple randomised clinical trials [Rog et al., 2005 + 2007; 
Nurmikko et al., 2007; Russo, 2008]. An uncontrolled, open-label 2 yr extension to one of 
the RCTs showed a lasting analgesic effect of the cannabinoid spray. However, 25% of the 
patients that participated in this extended study dropped out due to intolerable side effects 
[Rog et al., 2007]. Adverse effects, although generally mild to moderate, occurred frequently 
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with Sativex®, and include dizziness, nausea and reversible buccal mucosa damage. Although 
less clear, an effect of Sativex® against allodynia and hyperalgesia has also been described 
[Nurmikko et al., 2007].
The advantage of the oromucosal spray in comparison with oral forms of cannabinoids, ap-
pears to be its greater success in alleviating neuropathic pain and (possibly) stimulus-evoked 
pain. Titration of effects is easier with the spray than with oral cannabinoids. On the other 
hand, adverse effects appear to be much more common and less tolerable with the oromu-
cosal spray. Thus, when the prescription of cannabinoids is considered, a trade-off should be 
made between the advantages and disadvantages for individual patients.

Conclusion
Apart from spontaneous, ongoing pain, neuropathic pain syndromes are frequently cha-
racterised by the presence of stimulus-evoked pain, i.e. allodynia and / or hyperalgesia. The 
treatment of neuropathic pain is generally unsatisfactory; with insufficient pain reduction in 
over half of the patients with adequate treatment regimes currently available. There are no 
treatment options specifically aimed at stimulus-evoked pain, apart from topical agents such 
as capsaicin or lidocaine. The efficacy of topical agents is generally poor (see also Chapter 2).
There is unequivocal evidence that cannabinoids possess an analgesic effect in animal models 
of neuropathic pain. This effect is mainly mediated through CB1-receptors, which are loca-
lised in the nervous system. In the peripheral nerve, cannabinoids reduce ectopic firing of 
damaged nerves and inhibit the release of pro-nociceptive neurotransmitters. In the central 
nervous system, a decreased pain threshold is normalised by cannabinoid systems (thereby 
reducing allodynia and hyperalgesia), the analgesic potential of opioids is increased, and spinal 
sensitisation is inhibited by means of noradrenergic and serotonergic descending pathways.
Both the anti-neuropathic and anti-allodynic / anti-hyperalgesic properties are promising for 
application in humans. Although anecdotal reports suggest such an analgesic effect of canna-
binoids in human subjects with neuropathic pain and stimulus-evoked pain, this effect needs 
further proof. 
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Figure 1. At present, medicinal cannabis is available in the Netherlands. Quantity and quality of the ingredients are standar-
dised, and the product is sterilised from fungi, bacteria and contains no pesticides or heavy metals. Unfortunately, cannabis 
needs to be inhaled in a rather complicated manner (by means of a vaporiser) or the patient is required to make his 
own extract (tea). Cannabinoids via oromucosal spray is currently not available in the Netherlands. Photo by K. Höner. 
Courtesy of the Bureau Medicinale Cannabis.
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