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Some information from the academy of medical cannabis uk 
Introduction to the endocannabinoid system, signalling and pain 
Cannabis has been used to alleviate pain for centuries, however it is only now that we are 
beginning to unravel the molecular and cellular pathways involved in pain perception and pain 
relief. Pain is a complex phenomenon with no singular physical characteristic, for instance a 
painful stimulus may be too hot or too cold (or something else entirely) and its physiological 
response may differ at the point of induced pain (e.g. the stimulus contact being a cold object 
or a hot cup of tea). However, pain in its peripheral and central mechanisms appears to have 
commonalities in the underlying endocannabinoid signalling which partially mediates 
nociception (the perception of painful stimuli). Many of the hormones and signalling cascades 
related to the analgesic activities of pain-relieving medications are mediated by cannabinoid 
signalling, for instance the action of Propofol a common anaesthetic is partially mediated by 
the expression of cannabinoid receptors (Guindon et. al. 2007 & Jarzimski et. al. 2012). Whilst 
the focus of the evidence base is centred around human studies some research that is 
included has been conducted in animals and presents a unique insight into the fundamental 
mechanisms underlying analgesia, such as the Guindon et. al. (2007) study. More 
translational research is needed in humans to validate these discoveries and see how they 
can contribute towards drug discovery and lead the development of safer analgesic practices 
in medicine. 
The current theoretical model for the pain-relieving mechanisms of cannabis and its chemical 
constituents is based upon the interaction of cannabinoid signalling with hormonal and 
cellular signalling. This includes action upon targets such as prostaglandins, cell-to-cell 
signalling (such as neuron-glia interactions) and intra-cellular signalling (related to alterations 
in gene-transcription and metabolism of the cannabinoid receptors, fatty-acid-amide 
hydrolase receptors (FAAHrs), Transient Receptor Protein (TRPRs), various G-protein coupled 
receptors (GPCRS), and other typical and atypical neurotransmitters and receptors such as 
the 5-HT1a receptor at the neuron-neuron and neuron-glial synapses (e.g. tripartite synapses 
- Zogopoulos et. al. 2013 & Luongo et. al. 2014). 
Altogether, the endocannabinoid system appears to play an important part in nociception and 
pain relief and has a complex role in both the main inhibitory and stimulatory pathways in the 
nervous system. This includes a role of the ECS in the function of the Glutamatergic and 
GABAergic neural pathways, which have yet to be fully understood (Simon & Cota 2017 & 
Aizpurua-Olaizola et. al. 2017). 
The aim of this article is to provide a brief overview of key research studies and to share 
insight into the scientific research on cannabis, cannabinoids and nociceptive pain. 
Neuropathic pain will be covered as a separate topic when discussing neurological related 
disorders, however findings from research into different types of pain are still relevant to the 
overall discussion, as there is some overlap between the phenomena of nociceptive pain and 
neuropathic pain. 
Area of research: Pain 
What is currently in the evidence base surrounding cannabis, cannabinoids and pain? 
Included in the evidence base is a diverse range of studies on various medical conditions that 
provide insight into the science of pain ranging from conditions such as (but not limited to); 
Fibromyalgia 
Chronic pain 
Wound-pain 
Arthritic pain 
Pain is a difficult topic to investigate with a large variety of personal experiences surrounding 
pain and the diversity of different types of painful stimuli. With this in mind, it's important to 
note that observational and naturalistic studies, whilst not as rigorous as laboratory and 
experimental studies, provide key insights into the way in which medical cannabis usage 
affects patients' lives, their choices of pain-relieving medications and sense of wellbeing. 
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Whatever the type of study or approach used to investigate pain there is still the 
fundamental issue of how do we actually measure pain? 
Measuring pain 
As pain is a difficult experience to describe and measure in the laboratory and clinic, the most 
common approach in pain studies is to use psychometric tests that correlate with the 
experience of pain such as the visual-analogue scale (VAS) also known as VAS pain scores 
(or VAS Pain Scale) which are commonly used in research and clinical practice. The 
psychometric VAS of testing pain is influenced by the subjectivity of the patients or 
participants in that moment in time and therefore provide a measurement of self-reported 
well-being and pain in that moment. The use of VAS-scores still provides key insights into the 
ways in which cannabis and cannabinoids act as pain-relieving medicines, especially as the 
drugs can be compared with other analgesic medications or placebo conditions. However, as 
cannabis can cause intoxication (similarly to other psychoactive medications such as opioids 
and benzodiazepines) the usage of VAS-pain scores could be regarded in some types of pain 
as misleading, as the person might be reporting a lower pain score based on their intoxicated 
mood. Nonetheless the relationship between nociception and subjective intoxication is an 
important area of research and may be a vital part of the pain relieving mechanisms 
underlying analgesic medications. 
Other methods of researching pain include experimentation that may involve more objective 
lab-based processes such as direct measurements of the nervous system or brain 
measurements (e.g. EEG) that correlate with the painful experience and stimuli. There are 
also a variety of experimental pain models developed for use in animals and humans that 
utilise a diversity of nociceptive stimuli such as pressure, cold, heat and toxins (such as 
capsaicin injections). Often these experiences are used to study more acute ‘transient’ pain. 
Further observational methods have been employed to study cannabis and cannabinoids in 
pain management, examples include using patient records to see how medical cannabis 
affects the use of opioids and other medications as well as accessing other important patient 
data that may correlate with pain such as biological imaging or assays of inflammatory 
biomarkers. 
Case studies 
The case studies of cannabis and cannabinoids for pain-management vary enormously in 
their detail, yet, N = 1 studies still provide a useful resource for healthcare professionals to 
share key knowledge from patients and help pave the way for anecdotal reports to be studied 
in more depth in experimental trials. 
Some notable case studies include: reports of patients with chronic pain who wean 
themselves off all-other medications apart from cannabis (J. Rosado 2019), pain-
management of Familial Mediterranean fever (Holdcroft et. al. 1997) and topical applications 
of cannabinoids for wound pain (Vincent Maida 2017 & Maida & Corban 2017). 
Experimental models of pain (evoked pain tests) 
Herbal cannabis (cold pressor tests) 
Herbal cannabis as flower material has been investigated in experimental models of pain, 
usually using a vaporiser to administer the dose, however some studies have utilised 
cannabis cigarettes. 
For example, Cooper et. al. (2013) investigated an experimental model of pain (cold pressor 
test) and compared smoked cannabis with oral Dronabinol (THC). Overall the two conditions 
did not differ in peak analgesic activity, however the oral dronabinol had a longer lasting 
effect. 
Another study by the same group utilising the cold pressor test by Cooper et. al. (2018) 
investigated smoked cannabis cigarettes co-consumed with oxycodone to investigate 
potential analgesic synergy. The findings showed that the co-administration of smoked 
herbal cannabis and oxycodone produced greater pain relief than either medicine 
administered alone. There also seems to be little effect on the abuse liability of herbal 
cannabis with the administration of opioids, however the results did indicate a slight increase 
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in the abuse liability of opioids during co-administration of cannabis and opioids (measured 
using subjective tests). The results suggest synergy between herbal cannabis and opioids as 
a potential method for more effective management of pain. 
Another study by Wilsey et. al. (2016) looked at the vaporisation of herbal cannabis for its 
analgesic activity in central neuropathic pain (related to spinal cord injury and disease) and 
the results indicated that the pain-relief was dose dependent as inferred by the blood-
concentrations of metabolites of THC. As the dosage of cannabinoids increased so too did 
the reported analgesic activity. Further research is on-going from this preliminary trial on 
herbal cannabis for the treatment of neuropathic pain. 
Van Amerongen et. al. (2018) also conducted a study of oral THC and compared it against 
paracetamol in a cold-pain and pressure-pain test. The authors concluded that paracetamol 
as well as cannabis and promethazine wasn’t significant in reducing pain in these measures 
and that other tests should be considered for future experiments. 
Hamann et. al. (1999) showed that Nabilone analgesia was not mediated by u-opioid 
receptors, inferred by the administration of Naltrexone (an opioid receptor blocker) that had 
no effect on the analgesic activity experienced by the patient. More research is needed to 
underpin the mechanisms by which cannabis and cannabinoids work, it’s likely to be 
mediated by a complex pathway of CBRs and other GPCRs. 
See the evidence base for further studies and cannabis research. 
Examples of experimental models of pain (heat and injections) 
Redmond et. al. (2008) Nabilone did not reduce experimental heat pain at 1mg and 0.5mg 
doses. Kalliomäki et. al. (2012) investigated an experimental model of pain (injections of 
capsaicin) and found that small doses of oral Nabilone (THC) at 1mg, 2mg and 3mg were not 
significantly effective at reducing pain. Further, there were adverse events reported that led 
to the withdrawal of several participants (e.g. anxiety). The lack of effect observed might be 
due to the doses administered or the experimental methods, more research is needed to 
elucidate the pain-relieving mechanisms of Nabilone. 
Chronic pain 
In a study conducted by de Vries et. al. (2016) on chronic abdominal pain caused by chronic 
pancreatitis the researchers looked at a single-fixed dose of d-9-THC in an analgesic study 
comparing 8mg (d-9-THC) with an active placebo of Diazepam (5mg & 10mg). The results 
showed no significant difference in analgesic activity between the active placebo and d-9-
THC administration. However, the PK data for THC metabolites indicated an enormous 
variation amongst participants and only mild side-effects were reported. Overall, the authors 
suggest future research is needed into the administration of d-9-THC and that further studies 
should look at different dosing regimens and pharmacokinetics. 
Another study on non-cancer chronic pain by Crowley et. al. (2018) looked at the 
administration of a cannabis extract using a lozenge (Trokie ®) and found that patients self-
report measures of pain decreased significantly within the trial. The onset of analgesia varied 
enormously between 5minutes and 40minutes (consistent with buccal absorption) and a large 
majority of participants (90%) were ‘satisfied’ or ‘very satisfied’ with the product. This 
research indicated that a lozenge may be an efficacious and safe way to administer 
cannabinoids to treat chronic pain. 
See the evidence base for further studies and cannabis research. 
Arthritis 
A preliminary trial investigating Sativex, a THC:CBD product in the management of arthritic 
pain was conducted by Blake et. al. (2006) on a cohort of 58 patients. They found that the 
group taking Sativex reported a significant improvement in pain when compared against a 
placebo group, however there was no effect on morning stiffness. Average dose consumed 
across the group was 5.3 actuations of Sativex (approximately 14.1mg THC and 13.2mg CBD 
per day), however there was significant individual differences in experiences and pain relief. 
Overall the safety profile was deemed minor with no serious adverse events occurring. The 
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role of cannabinoids in rheumatic related pain is under studied and the authors suggest 
further studies on arthritis patients and related conditions. 
Fibromyalgia 
Van de Donk et. al. (2019) conducted a single-dose trial with chronic pain patients who have 
Fibromyalgia and demonstrated that the responses to medical cannabis varied enormously 
based on the chemical profile of the cannabis, individual differences and the type of painful 
stimuli being investigated. They found that vapour inhalation of cannabis had no significant 
effect on spontaneous or electrical pain stimuli, however did report a significant analgesic 
effect in the pressure pain condition. Further, THC containing cannabis caused a significant 
increase in the pain threshold when compared against placebo. Overall, more research is 
needed on a variety of cannabis types with different chemical profiles, dosing regimens (e.g. 
repeated dosing) and models of pain. 
Surgeries 
Ostenfeld et. al. (2011) conducted research on a synthetic cannabinoid called GW842166 
(Glaxo Smith Kline) that is a selective CB2 receptor agonist and trialled it in an acute-pain 
experiment in humans. The protocol was to compare the analgesic activity of GW842166 
against ibuprofen and placebo after a minor dental procedure (molar tooth extraction). The 
findings showed that a single dose of 100mg or 800mg of GW842166 was not effective at 
reducing pain when compared with ibuprofen (which was superior in all end-points) and the 
100mg GW842166 condition was similar in effect to placebo. 
Post-operative surgery pain management 
Post-operative care has been an area of research for cannabis and cannabinoid medicine in 
many different domains ranging from post-operative nausea and vomiting through to pain-
management. The usage of cannabis and cannabinoids has been investigated in case studies 
of herbal cannabis and cannabinoids as well as some more stringent trials on synthetic 
cannabinoids and/or isolated compounds. 
Holdcroft et. al. (2006) used a standardized cannabis extract in a test investigating post-
surgery pain management properties in a group of patients who would usually require 
overnight opiate-based pain relief (typically morphine). The investigators administered a 
single fixed dose of the cannabis extract post-operation that consisted of three different 
dosage strengths of either 5mg, 10mg or 15mg THC-rich cannabis extract (capsules). They 
had a total of 65 patients taking the single fixed dose of cannabis extract with 11 patients 
taking 5mg, 30 patients taking 10mg and 24 patients taking 15mg (see Table 1 of the study 
for more details). Following this they measured various pain scores, adverse-effects and 
observed whether the patients needed to take any ‘rescue medication’ to relieve pain. Pain 
relief was positively associated with the increasing dosage of oral cannabis extract in this 
study which was inferred by measuring pain via verbal report along with the request for 
rescue medication by patients. For instance, rescue medication was requested by 11/11 
(100%) of the patients in the 5mg THC-extract cohort, whereas 15/30 (50%) for the 10mg 
THC-extract group and 6/24 (25%) for the 15mg THC-extract group (see Table 2 of the study 
for more details). 
Weizman et. al. (2018) show that the emotional centres of the brain are functionally active in 
the analgesic activity of psychoactive cannabis and THC. In this study they showed that THC 
oil reduced neuropathic pain in patients (that was associated with activity in the anterior 
cingulate cortex and the dorsolateral prefrontal cortex brain regions). 
Other studies on pain, cannabis and cannabinoids 
The way in which medical cannabis is being dispensed into cannabis using populations has an 
observable impact on consumer behaviour, drug-choices and preferences for pain-relief. 
However, the use of pain-relieving medication is a complex factor that must also consider 
socio-economic factors as well as the level of mental health facilities and education around 
pain-relieving medicines (such as opiates). Data emerging from various countries which have 
employed medical cannabis ranging from the USA and Canada (which have medical cannabis 
specific outlets) to countries like Denmark, Italy or Germany (which have completely different 
models of cannabis regulation) are producing observational reports. 
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Boehnke et. al. (2019) investigated a cohort of USA medical cannabis users who have 
access to medical and recreational cannabis and results indicated that consumers are using 
cannabis as a substitute for opioids and benzodiazepines. 
In another trial Ware et. al. (2010) investigated cannabis smoking (of various THC potencies) 
in 21 neuropathic pain patients (related to surgery or trauma). The results indicated a 
reduction in pain scores that were positively associated with the THC-strength of the 
cannabis, for instance 9.4% THC cannabis provided greater pain-relief when compared with 
0% THC cannabis. The authors report that medical cannabis may be used as an effective pain 
management tool. 
Chronic pain 
Other studies have produced different findings for example de Vries et. al. (2017) conducted 
a clinical trial on chronic abdominal pain using isolated d-9-THC (3mg three times a day and 
5mg three times a day) and reported that it wasn’t effective in reducing pain in this trial when 
compared against placebo. More research is needed on this kind of pain and with isolated 
THC in relation to individual differences in pharmacokinetics, dosing regimens and potential 
medicines with a variety of active pharmaceutical ingredients. 
O’Connell et. al. (2019) investigated the use of various pain medications used alongside side 
cannabis over a six month period. They found that medical cannabis users had significantly 
lower morphine use. Interestingly, no significant reduction in diazepam use was observed in 
this study. Further investigations on larger cohorts of patients are needed, especially as 
cannabis use is becoming increasingly popular. This will lead to greater insights into the co-
consumption of cannabis and other pain relieving medications. 
A note on patient perspectives 
Patients and healthcare professionals have varying perspectives on medicine choices when it 
comes to pain medicine and it’s crucial to understand patients’ attitudes, concerns and 
needs, as well as that of their families. Aside from the numerous case studies and anecdotes 
available there are several reports detailing the attitudes of patients and their families. One 
such study by Rochford et. al. (2019) demonstrated that the majority of Irish patients and 
their families are pro-cannabis as a medical choice and believe it will be therapeutic for their 
conditions. Though at present there is limited access to medical cannabis, the authors 
suggest the health authorities change this to empower and reflect the therapeutic options 
that patients need. 
See the evidence base for further studies and cannabis research. 
Discussion 
In conclusion the scientific evidence base surrounding the efficacy and safety of cannabis 
and cannabinoids for pain management is varied with findings from lab experiments through 
to observational studies demonstrating an enormous amount of individual differences 
amongst participants. The safety, efficacy and quality of cannabis products for medicinal use 
is of paramount importance to medicine and scientific research, especially in order to 
accurately study the effects of active pharmaceutical components that aren’t just restricted 
to a single compound such as THC (or a similar compound e.g. Nabilone). Currently as 
cannabis laws change and facilitate access to medical cannabis, the research associated with 
it will become increasingly important to understand. Whilst there are still barriers to access 
for many patients wanting to use cannabis and cannabinoids as pain relief, the increase in 
medical cannabis use will result in larger scale and better scientific research (e.g. on the ECS 
& analgesia) as well as medical trials. Across the board medical cannabis dispensaries and 
clinics are paying attention to patients' experiences and aiding regulators and governing 
authorities in exploring cannabis as a cost-effective and efficacious treatment for pain 
management. 
By Zack Bellman, Researcher at The Academy of Medical Cannabis. 
For more information and links to a variety of studies please visit the web site 
	


