
 

CBD and TERPENES 

  

Cannabis has been known as a medicinal plant for several millennia, but the mystery about the real 
mechanism of action underlying its therapeutic and psychotropic effects remains hidden until the 
discovery of Tetrahydrocannabinol (THC) around the 1960s, the main receptor with which interacts, 
and the endocannabinoid system. 

The Cannabis plant and its compounds and derivatives are made up of an important variety of 
chemicals: of the 483 elements identified to date, some such as the 66 cannabinoids are found only 
in cannabis, while others such as terpenes, the most abundant with over 140 members, are spread 
across the plant kingdom. 

  

When we refer to "cannabinoids" we are talking about a group of 21 terpene-phenolic compounds 
only found within Cannabis sativa, where the two most abundant and studied are represented by 
tetrahydrocannabinol (Δ9-Thc, THC) known as the main for its psychoactive properties within 
Tetrahydrocannabinols, and Cannabidiol (CBD), better known instead for its anti-inflammatory and 
anti-psychoactive properties within Cannabidiols. 

  

  

Structure of Tetrahydrocannabinol and Cannabidiol 

  

 
 
 
 
 

Their pharmacological action is in close, but not univocal, relationship with the endocannabinoid 
system, in particular with Cannabinoid receptor type 1 (CB1) and Cannabinoid receptor type 2 
(CB2), both coupled with Gi proteins. 

The first is found constitutively expressed in high concentrations at the level of the central nervous 
system, especially in the cerebral cortex, hippocampus, basal ganglia, cerebellum, and in some 
peripheral nervous tissues such as the sensory nerves and some fibers of the autonomic nervous 
system. 

  



 

CB2 mainly expressed on immune system cells such as B lymphocytes, T lymphocytes, natural 
killer cells, monocytes, macrophages, has recently been identified at the CNS level, expressed by 
microglia. 

Activation of CB2 determines peripheral immunosuppression and, recently, some experimental 
evidence has shown a close correlation between its over expression at glial cell level and the 
presence of neuro-inflammation suggesting that its expression could constitute an endogenous 
response of protective type under potentially harmful conditions; in in vitro experiments its 
activation has caused a reduction of pro-inflammatory molecules, elements that could make it a 
possible pharmacological target in the treatment of neurodegenerative diseases. 

  

THC 

  

THC, the main cannabinoid, performs its actions by interacting as a partial agonist with the CB1Rs 
and CB2Rs receptors, the important psychoactive capacity, together with the analgesic, 
antispasmodic and muscle-relaxing activity make it the phyto-cannabinoid that we most commonly 
find contained within the different pharmaceutical preparations proposed by medical-scientific 
research for the therapy in particular of chronic pain, especially of the neuropathic type. In addition 
to the bond with CB2 and CB1, it expresses its effects by interacting with a considerable number of 
other receptors and transmission systems: it is an agonist of the PPAR-γ and TRPA1 receptors, 
antagonist towards the 5-HT3A receptors, it mediates the activation of the glycine receptors, and 
interacts with the TRPA1 and TRPV2 vanilloid receptors. 

  

The psychoactive effects of THC derive both from the partial agonist it exerts towards CB1 and 
from its interaction with the GABA-ergic and glutamatergic system. 

The interaction with the latter neurotransmission system explains the important influence of THC on 
the response to the nociceptive stimulus, given the significant role that NMDA plays in the 
secondary and tertiary response in hyperalgesia from chronic pain syndromes, such as 
fibromyalgia and migraine. 

THC reduces NMDA receptor response by 30-40% with an antioxidant and neuro-protective effect, 
blocks capsaicin-induced hyperalgesia and increases serotonin levels by inhibiting its re-uptake 
centrally, but also peripherally negatively modulating their release by thrombocytes. All these 
mechanisms can certainly influence the circuit of trigeminal-vascular migraine. 

  

CBD  

  

Of all cannabinoids, CBD is the most promising from a pharmacological point of view, thanks to the 
lack of psycho-activity, together with the proven anti-inflammatory, antioxidant, anxiolytic and 
neuroprotective efficacy. 1 



 

In November 2017, the WHO (The World Health Organization) classifies CBD as a substance that is 
not capable of causing abuse or dependence in humans, with no emerging evidence of public 
health problems related to its consumption. In January 2018, the World Anti-Doping Agency also 
eliminates CBD from substances prohibited for the use of athletes2. 

  

Cannabidiol (CBD) demonstrates extreme pharmacological versatility: it manages, even at 
nanomolar concentrations, to displace THC from the binding sites of the CB1 receptor, while 
having a low affinity for these. Experimentally and clinically it appears that this may mitigate or 
block the effects caused by THC: important reviews show how the co-administration of THC-CBD 
significantly reduces THC-induced tachycardia, its anxiety-inducing effects, and alterations in 
perception and memory 3,4,5. 

Similarly, a recent study shows that even in recreational-recreational use, if administered in precise 
proportions with THC, CBD is able to eliminate cognitive symptoms and memory deficits induced 
by cannabis 6 . 

However, it does not interact with the endocannabinoid system alone. It seems that other receptor 
and enzymatic systems are affected by its activity: it acts as an agonist towards TPRV1, and as an 
allosteric modulator of the receptors for glycine α1 and α1β. This suggests its role in chronic 
inflammatory pain 7,8,9 considering the inhibitory neurotransmitter action that glycine exerts on the 
dorsal horns of the spinal cord. 

  

The anti-inflammatory action of CBD is mediated both by the interaction with the vanilloid receptors 
and by the inhibition of lipoxygenase and cycloxygenase 10,11 in animal studies it has been seen 
how it achieves an analgesic efficacy hundreds of times higher than aspirin 12,13. 

  

In a 2016 study 14 Hammell et al. underline the anti-inflammatory efficacy of CBD if administered 
via transderm in a mouse model of arthritic pain. After evoking the painful stimulus by injection of 
CFA (Complete Freud's adjuvant, saline solution: peanut oil 1: 1), preparations of CBD gel at 
different concentrations are administered (0.6, 3.1, 6.2 or 62.3 mg / day) and analyzed the 
circumference of the joint and the degree of invasion of inflammatory cells into the tissue. The 
results showed that the gels with higher doses of CBD (6.2 and 62.3mg) reduced tissue thickness 
by almost 50%, compared to preparations with a lower concentration that did not significantly alter 
tissue edema. 

  

 



 

 
 

The numerous effects of CBD on serotonergic transmission, mediated in particular by the 5-HT1A 
receptor, provide an important rationale for the use of this and other phyto-cannabinoids in the 
treatment of anxiety. In a recent randomized clinical trial (Crippa et al, 2010) 15 it emerges that 
patients diagnosed with social anxiety disorder treated with CBD preparations had clear 
improvements in terms of reduction of cognitive and anxious symptoms compared to 
placebo15,16,17. 

Additional support for the role that CBD may have as an antidepressant in perspective comes from 
a 2010 study (Zanelati et al.) 18: in mouse models CBD (at a dose of 30 mg / kg) achieves greater 
results than Imipramine at Forced Swim Test (P <0.01), decreasing immobility and overcoming the 
blockade induced by pretreatment with 5HT1 inhibitors 19.   

 

  

TERPENES 

  

For years the biological activities of cannabis have been attributed to THC, and to a lesser extent to 
CBD. Only in recent years has the role of the latter been studied, and more recently also the 
potential role of numerous phytocomplex compounds, such as the terpenes and flavonoids family, 
which themselves have intrinsic biological properties, not excluding the possibility of interactions 
between them19,20. 

In relation to the other compounds present in the plant, terpenes represent the most numerous 
group of volatile substances, an integral part of the essential oil, better extractable with steam 
distillation. Unlike cannabinoids, these determine the characteristic aroma of the plant. 

  

Terpenes are pharmacologically very versatile compounds: they are lipophilic, membrane ion 
channels interact at the level of muscle and neuronal cells, neuro-receptor systems, receptors 
coupled with proteins 19,20,21,22. 

And, like any other active substance, they each have their own biological activity, but their possible 
synergistic role with cannabinoids is revealed more and more, in amplifying some of their 
properties, such as anti-inflammatory, analgesic, anxiolytic, antidepressant activity, antibacterial. 
Most of the data collected come from preclinical studies in animal models and in vitro 20,23. 



 

 
 

 

(as amended by Russian E, 2011) 

  

 

The most significant terpenes from a quantitative and physiological point of view, regarding the 
possible pharmacological role, are β-Caryophyllene and β-Mircene. 

  

 

 



 

BETA-CARYOPHYLLENE 

  

Beta-caryophyllene (β-Caryophyllene) is the most common of the two forms of caryophyllene, it is 
also found in cinnamon, cloves, black pepper, oregano, basil, rosemary and in hops. Of the 
essential oil of Cannabis it represents about 18-20% of the essential oil. 

It has shown efficacy as an analgesic24, antioxidant, and its anti-inflammatory activity via PGE-1 
similar to that exerted by indomethacin, is comparable in potency to the toxic substance 
phenylbutazone, but unlike these agents, caryophyllene has shown a cytoprotective effect against 
the mucosa gastrica25. 

  

Mircene, present in the essential oil in a percentage of 22-23%, is the most common among the 
monoterpenes present in cannabis, and like caryophyllene it has an important anti-inflammatory, 
analgesic and anxiolytic efficacy 26,27 and is widely exploited in the cosmetic industry. 

Myrcene reduces inflammation via the prostaglandin pathway (PGE-2) 26, and inhibition of hepatic 
carcinogenesis of aflatoxins28 while the analgesic activity shown in mouse models can be blocked 
by naloxone, perhaps through interaction with the receptor a-2 adrenergic 29. Furthermore, always 
in laboratory studies carried out on rodents, it has been seen that myrcene acts as a muscle 
relaxant managing at high doses to enhance the effect of barbiturates in terms of sleep length30. 

  

In a review of 2006 (Russo et al.) 31 several studies are analyzed in which it is highlighted how the 
combination of THC, CBD and Terpenes produces, in vivo, greater benefits than each of the 
individual components, both in studies conducted on rodents, that conducted on humans. 

In addition to the greater pharmacological efficacy, it is worth mentioning the significant reduction 
of possible adverse effects attributable to the individual substances. 

Taken together, the information presented so far supports the theory that the development of 
preparations rich in phyto-cannabinoids and terpenes can strengthen and expand the clinical and 
therapeutic applications of cannabis extracts containing THC or other cannabinoids. 

The greatest evidence emerges in the treatment of chronic, inflammatory and neuropathic pain 
syndromes14,23 and in neuropsychiatric disorders, especially anxiety-depressive syndromes. 20,23, 32,33 

  

ANTI-INFLAMMATORY AND ANALGESIC ACTIVITY 

  

The biggest revelation about caryophyllene was perhaps the demonstration of selective agonism 
against the CB2 receptor, suggesting further evidence to support the possible synergy between 
cannabinoids and terpenoids14,19,20,23 



 

In a 2013 study, it was shown that orally administered Beta-Caryophyllene has an analgesic 
effect24 in inflammatory and neuropathic pain of CB2mediated rodents. However, this was absent a 
selective block of CB2r was induced by its specific antagonist SR144528. 

In this sense, theories about the synergistic effect that can arise from preparations composed of 
cannabinoids and non-cannabinoid molecules are right. 

  

A 2008 study (Comelli et al.) 32 compares the analgesic activity of a Cannabis sativa extract 
enriched with CBD, THC, terpenes, and flavonoids, compared to that obtained from the individual 
molecules of the preparation, in a mouse model of neuropathic pain 

The enriched cannabis extract (eCBD) was composed of 64.5% CBD, 4% THC, <4% and non-
cannabinoids (terpenes, carotenoids). 

Four groups of rodents are exposed for a period of 7 days to progressive constriction of the sciatic 
nerve, and their nociceptive response is evaluated in terms of thermo-pain sensitivity and allodynia 
to the mechanical stimulus. 

The treatment with eCBD, for the 7 days following the injury, completely resolves the thermal 
hyperalgesia, and partially attenuates the allodynia by a mechanical stimulus, while the same 
scheme of chronic administration of pure THC extract does not get any response. 

To verify that the complete response to the heat pain stimulus determined by eCBD does not 
derive only from a synergistic mechanism between THC and CBD, a similar treatment scheme was 
administered with the combination of only THC and CBD. The latter detected a pharmacological 
result superimposable to that obtained from the extract of CBD only, showing that the greater 
analgesic activity recorded for eCBD is attributable to the other components of the extract, in 
particular to the terpenes present. 

Along with the endocannabinoid system, vanilloid receptors also seem to play an important role. 
On the last day of treatment, the interaction between the CB1, CB2 and TRPV1 receptors and their 
specific antagonists was studied, monitoring their activation during the administration of eCBD. 
Capsazepine alone resulted in complete regression of the hyper-analgesic thermo-pain relief effect 
of eCBD. In addition, the alteration of the cytochrome p450 concentration after the 14 days of 
treatment was investigated by spectrophotometric analysis. From the measurement carried out at 
the level of the liver microsomes of rodents, it emerged that in the group treated with eCBD there 
was a 40% reduction in the concentration of cytochrome p450. On the contrary, the protein has not 
undergone any significant variation either from the administration of the individual THC and CBD or 
from the THC + CBD extract. 

  

The results shown show that in the described nociceptive modulation an important role is mediated 
by the TRVP1 vanilloid receptors and by the reduction of the cytochrome p450 activity, which leads 
to an increased bioavailability of cannabidiol, and in light of the numerous shreds of evidence about 
the anti-inflammatory and antioxidant activities of terpenes19,20,23 and flavonoids, their important 
synergistic action34 in the therapeutic effects found cannot be excluded. 

This study32, therefore, demonstrates that a CBD-based preparation containing terpenes and 
flavonoids produces a greater analgesic effect than individual cannabinoids, in the treatment of 



 

neuropathic pain in a mouse model, and underlines once again how complex the interaction 
between the endocannabinoid system and vanilloid in the modulation of nociceptive stimuli. 

In this context, a preliminary study35 of 2019 is included which investigates the interaction between 
the terpene Mircene and the activity of TRVP1 (Nociceptive Transient Receptor Potential channel). 

The results show that Mircene induces a significantly greater flow of Ca2 + TRVP-mediated ions 
compared to the other terpenes contained in the extract used, and how this is inhibited by the 
specific antagonist of the TVRP1 receptor, capsazepine. 

These data, therefore, show that TVRP1 is a target not only for THC and CBD but also for terpenes 
such as Mircene, suggesting its potential therapeutic analgesic effect33. 

 

 

 
 
 
 
 
 

ANXIETY AND DEPRESSION 

  

The endocannabinoid system, as widely described, is distributed throughout the central nervous 
system, and among the numerous activities in which it is involved it also plays an important role in 
regulating mood tone36. 

  



 

While the possible benefits of THC on depression remain controversial 37, far less worrying would 
be the predominantly CBD or CBG preparations15,16.  

It is now known that even in vivo the psychostimulant effects of THC, at the basis of its scarce use 
in patients suffering from depression, would certainly be modulated and attenuated if even low 
concentrations of CBD19 are present. 

Certainly, the results obtained in terms of improving affective and cognitive symptoms with the only 
inhalation of the citrus scent38 in pcs affected by depression, strongly suggest the possibility of 
synergy in preparation between phyto-cannabinoids and terpenes. 

Other evidence in this regard comes from Rochefort's study39 of 2002, in which the increase in 
smell exposure in adult mice induced neurogenesis mechanisms at the level of the olfactory 
system. These results could support the neuronal plasticity events that characterize 
depression40 and the involvement of the endocannabinoid system in the treatment of addictions41. 
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