
Introduction

Cannabidiol is a nonpsychotropic constituent of the
Cannabis sativa plant. The natural isomer is (-)-cannabid-
iol and its structure was first determined in 1963 by
Raphael Mechoulam (Fig. 1; for review, see 1). Can-
nabidiol constitutes between 0.3% and 4.2% of smoked
Cannabis extracts (2). It rapidly reaches the brain and
distributes almost equally to the various brain regions
after intravenous injection in rats, without affecting the
levels of radioactive ∆9-tetrahydrocannabinol (THC) in the
brain when the two drugs are coadministered (3). In
humans, cannabidiol is hydroxylated to (-)-7-hydroxy-
cannabidiol and then oxidated to (-)-7-carboxycannabidi-
ol (4). Cannabidiol is also metabolized to form THC and
cannabinol, as these naturally occurring cannabinoids
have been detected in urine following cannabidiol admin-
istration (5). A high percentage of unmetabolized
cannabidiol is also excreted in the feces (for review, see
6).

Cannabidiol does not produce the cannabinoid
behavioral tetrad of effects characterized by hypothermia,
hypomotility, catalepsy and antinociception that is usually
associated with activation of cannabinoid CB1 receptors
by other cannabinoids. Indeed, (-)-cannabidiol possesses
negligible affinity for and is devoid of agonist activity at
CB1 and CB2 receptors (7-9), although it displays func-
tional antagonism at CB1 receptors at micromolar con-
centrations (9) (see below for discussion of cannabinoid
receptors). Recently, it was discovered that (-)-cannabid-
iol binds to human vanilloid 1 receptors in the transient
receptor potential family (TRPV1) with similar efficacy but
lower potency than the natural vanilloid capsaicin (8) (see
below for discussion of vanilloid receptors). It is also a
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Abstract

The major psychoactive constituent of the
Cannabis sativa plant, ∆9-tetrahydrocannabinol (THC),
has been extensively investigated for its therapeutic
and toxicological effects. Cannabidiol, another abun-
dant but nonpsychotropic constituent of the Cannabis
plant, has recently attracted renewed interest as a
therapeutic molecule. Preliminary reports of its
antipsychotic, antihyperalgesic, anticonvulsant, neuro-
protective and antiemetic properties, and its ability to
counteract certain effects of traditional cannabinoid
receptor ligands, have been augmented by the dis-
covery of its affinity for the vanilloid 1 receptor in the
transient receptor potential family (TRPV1) and its
modulation of endocannabinoid activity. This review
discusses the current understanding of the mecha-
nism of action of cannabidiol, focusing on some of the
central and peripheral pharmacological effects of this
exciting potential therapeutic agent.
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Fig. 1. Chemical structure of cannabidiol.



which leads to the formation of products such as 12-(S)-
hydroperoxyeicosatetraenoic acid (HPETE) ethanol-
amide, which itself is an FAAH inhibitor (for review, see
15).

Vanilloid receptors

Vanilloid receptors belong to the family of transient
receptor potential proteins. The best characterized of
these proteins, the TRPV1 receptor, has 6 transmem-
brane domains and is an outwardly rectifying channel
with a central pore (16, 17). Activation of this channel
occurs in response to protons, heat above 43 °C and the
hot chili pepper component capsaicin, and results in
depolarization of the cell membrane and inward flow of
Ca2+ ions. The strength of this activation is modulated by
pH and intracellular phosphatidylinositol-4,5-bisphos-
phate (PIP2) (18). TRPV1 channels are located on the ter-
minals of primary afferent nerve fibers projecting from the
dorsal root and trigeminal ganglia, and play an integrative
role in pain signaling pathways. Vanilloid compounds
such as capsaicin produce nociceptive, inflammatory and
hypothermic effects via TRPV1 channels, but also desen-
sitize these channels and reduce heat hyperalgesia pro-
duced by inflammation or tissue injury (for review, see
16). Other natural vanilloid compounds such as piperine,
a black pepper constituent, do not desensitize the recep-
tor but do produce a pungent response; conversely, the
synthetic agonist olvanil produces desensitization without
an initial painful stimulus.

The TRPV1 channel may also play a role in the
development of pathological conditions in the brain
(motor disorders), inner ear, skin, mucosal protection in
the gastrointestinal tract, urinary tract, airways and circu-
lation (for review, see 19). The discovery of TRPV1 pro-
tein expression in the central nervous system in the cor-
tex, hippocampus, amygdala, striatum, hypothalamus,
cerebellum, olfactory bulb, mesencephalon and hindbrain
(20) has heralded further interest in the involvement of
these channels in neurotransmission and cognitive
processes, such as emotion, learning and satiety.

Endogenous ligands for the TRPV1 receptor, or
endovanilloids, have not yet been conclusively identified.
Anandamide is thought to be a suitable endovanilloid
candidate, however, as it activates TRPV1 receptors (21)
and its synthesis and metabolism are under sufficient
control to act as a regulatory molecule (22). Extracellular
anandamide activity at CB1 receptors is terminated by
cellular uptake via an as yet unidentified transporter mol-
ecule, which can be inhibited by synthetic ligands such as
olvanil (23) and AM-404 (24). The activation of TRPV1 by
anandamide, however, requires facilitated transport
across the cell membrane by this putative anandamide
transporter molecule, suggesting that the binding site for
anandamide on this receptor is intracellular (25). The inhi-
bition by cannabidiol of the anandamide membrane trans-
porter may potentiate anandamide activity at extracellular
binding sites such as the CB1 receptor, particularly as

substrate for the putative anandamide membrane trans-
porter and inhibits the cellular uptake of the endo-
cannabinoid anandamide (8).

Cannabidiol metabolites and synthetic derivatives
have been investigated for their functional activity.
Analogues of (-)-cannabidiol have been shown to have lit-
tle affinity for cannabinoid CB1 or CB2 receptors and to
possess similar functional characteristics to (-)-cannabidi-
ol (8, 10), while (+)-cannabidiol and several analogues,
such as (+)-7-OH-DMH-CBD and (+)7COOH-CBD, pos-
sess affinity for CB1 and CB2 receptors and display func-
tional properties related to these receptors (8, 10).
Abnormal cannabidiol counteracts the effects of cannabid-
iol in some assays and is thought to act at a non-CB1, non-
CB2 and non-TRPV1 receptor. For the purposes of this
review, cannabidiol refers to (-)-cannabidiol unless speci-
fied, and the majority of the pharmacological effects of
cannabidiol discussed will refer to (-)-cannabidiol.

An understanding of the pharmacology of cannabi-
noid receptors, TRPV1 receptors, endovanilloids and
endocannabinoids is essential in clarifying the role of
cannabidiol as a potentially clinically effective drug, as
some effects of cannabidiol are thought to be mediated
by TRPV1 receptors or by enhancement of the activity of
anandamide, which subsequently activates TRPV1, CB1
or CB2 receptors.

Cannabinoid receptors

Two cannabinoid receptors have been cloned to date:
CB1 and CB2. While the CB2 subtype is located in the
periphery on immune cells and has also been located in
microglial cells in the central nervous system, CB1 is one
of the most abundant receptors in the brain (11), with
dense localization in the cerebral cortex, hippocampus,
basal ganglia and cerebellum, moderate expression in
the hypothalamus and amygdala, and low expression in
the brainstem (12). It is a 7-transmembrane domain pro-
tein and its receptor signal transduction occurs via Gi/o
proteins and various second messenger pathways, such
as inhibition of adenylyl cyclase, activation of potassium
channels, inhibition of voltage-gated L-, N-, P- and Q-type
Ca2+ channels and activation of mitogen-activated protein
kinase (MAPK) (13). The major psychoactive constituent
of Cannabis, THC, acts as an agonist at the CB1 recep-
tor, albeit with lower efficacy than synthetic cannabinoid
agonists, elicits the cannabinoid behavioral tetrad of
effects and also produces euphoria at lower doses and
delusions, hallucinations, paranoia and sedation at high
doses. Endocannabinoids including anandamide and 2-
arachidonylglycerol bind to the presynaptically located
CB1 receptor following on-demand synthesis in the post-
synaptic terminal and diffusion across the postsynaptic
cleft (14), resulting in inhibition of the release of neu-
rotransmitters such as GABA and glutamate.
Endocannabinoid metabolism is regulated by the
enzymes fatty acid amide hydrolase (FAAH), yielding
arachidonic acid and ethanolamide, and lipoxygenase,
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Cannabidiol has also been observed to counteract
some of the psychotropic effects of other natural cannabi-
noids. In humans, anxiety and euphoria induced by THC
were reversed by cannabidiol (35, 36). Unlike THC,
cannabidiol also elicited an increase in elevated plus-
maze open arm entries in rats (37) and mice (38), indi-
cating an anxiolytic effect. This functional antagonism is
likely to be due to activity at a non-CB1/CB2 receptor, as
cannabidiol has low affinity for these receptors and does
not block CB1-mediated hypothermia and other physio-
logical effects produced by THC (39).

Antihyperalgesic effects

Natural and synthetic cannabinoid ligands have been
investigated for their nociceptive activity. While THC was
reported to reduce formalin-evoked nociceptive behavior
in a rat model of persistent pain, cannabidiol did not affect
nociception on its own (5 and 50 mg/kg i.p.), nor did it
affect the antinociception produced by THC (40), sug-
gesting that it may not interfere with the therapeutic
effects of other Cannabis constituents while counteract-
ing some unwanted effects. Clinical studies investigating
Cannabis extracts containing a 1:1 THC:cannabidiol ratio
(Sativex®) reported efficacy in alleviating pain associated
with nerve damage at a comparable level to extracts con-
taining THC alone, but with fewer reports of intoxication
(41), as well as in reducing symptoms of multiple sclero-
sis such as spasticity and tremor (42). Another clinical
study reported statistically significant decreases in
patients’ reporting of central neuropathic pain symptoms
resulting from brachial plexus aversion after administra-
tion of Sativex®, although these changes did not meet the
predetermined criteria for a clinically significant effect
(43). Thus, while cannabidiol may not have analgesic
activity per se, it may be useful in neuropathic pain con-
ditions where hyperalgesia is a feature. Furthermore, it
may be a useful adjunct to THC as an analgesic, coun-
teracting some of the unwanted psychotropic effects pro-
duced by THC. 

Recently, it was shown that TRPV1 channels may
mediate the antihyperalgesic effects of cannabidiol. Acute
inflammation induced by intraplantar injection of car-
rageenan in rats resulted in hyperalgesia, which was
abolished by administration of cannabidiol (10 mg/kg
orally); this effect was reversed by the TRPV1 antagonist
capsazepine, but not by a CB1 or CB2 receptor antagonist
(44).

Anticonvulsant effects

Cannabidiol was reported to be anticonvulsant in a
mouse electroconvulsive model as early as 1973 (45). In
1982, it was reported that cannabidiol prevented seizures
in mice induced by electroshock or by GABA antagonists,
but it did not prevent strychnine-induced seizures (46),
suggesting that its anticonvulsant effect does not extend

cannabidiol also inhibits FAAH-mediated anandamide
hydrolysis (8); however anandamide activation of TRPV1
at the intracellular binding site may be reduced, suggest-
ing complementary activation pathways as a means of
mutual regulatory control. Indeed, CB1 and TRPV1 pro-
teins are expressed in similar areas of the central nervous
system, including the brain and spinal cord (26-28).

Central effects of cannabidiol

Antipsychotic and anxiolytic effects

Animal models of psychotic behavior ranging from
tests of dopaminergic receptor activation to measurement
of sensorimotor gating (the filtering of sensory information
to produce an appropriate motor response) by prepulse
inhibition (PPI) of the startle response have been used to
predict the efficacy of potential antipsychotics. Can-
nabidiol and the clinically effective antipsychotic haloperi-
dol reversed the incidence of stereotypical behavior and
decrease prolactin levels induced by the dopaminergic D1
and D2 receptor agonist apomorphine (29). Unlike the
haloperidol-treated animals, however, there was no
catalepsy observed in the cannabidiol-treated animals. A
later study showed that cannabidiol and haloperidol
increased the expression of the proto-oncogene c-fos in
the rat nucleus accumbens, indicating neuronal activation
in this area. Cannabidiol, unlike haloperidol, did not
increase c-fos expression in the dorsal striatum (30). Both
of these studies suggest that cannabidiol may have
antipsychotic efficacy without motor side effects as a
result of neuronal activation in extrapyramidal areas. 

Cannabidiol (30 and 60 mg/kg i.p.) inhibits hyperloco-
motion induced by the psychotomimetic drugs ampheta-
mine and ketamine in mice (31). In our laboratory,
cannabidiol (5 mg/kg i.p.) reversed disruption of PPI
induced by the NMDA receptor antagonist MK-801 in
mice (32). This effect was reversed by the TRPV1 recep-
tor antagonist capsazepine, suggesting for the first time a
possible role for TRPV1 receptors in the regulation of
sensorimotor gating and in the mechanism of action of
cannabidiol in the central nervous system.

There are few studies investigating the antipsychotic
potential of cannabidiol in humans. A case study from
Brazil reported that a female schizophrenic patient admin-
istered cannabidiol at up to 1500 mg/day orally experi-
enced reduced psychotic symptoms such as suspicion
and thought disturbance, as well as greater efficacy and
fewer side effects compared to previous haloperidol treat-
ment (33). The synthetic THC analogue nabilone (1 mg
orally) impaired binocular depth inversion in humans, a
model of illusionary perception, while cannabidiol (200
mg orally) had no effect. However, when administered in
conjunction with nabilone, cannabidiol reduced the
impairment in binocular depth inversion experienced with
nabilone alone (34). Thus, there is clearly a need to
investigate cannabidiol in a controlled clinical trial for the
treatment of psychosis.
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(57), in which cannabidiol and other cannabinoids may be
more effective. Derivatives of (+)-cannabidiol tend to be
centrally inactive but display peripheral activity such as
inhibition of gastrointestinal motility (63), a good pharma-
cological profile for use in disorders such as cystic fibro-
sis and inflammatory bowel disease that primarily involve
peripheral systems (10).

Motor effects

Cannabidiol (100 mg/kg i.p.), unlike SR-141716, did
not reverse cerebellar motor disturbances induced by the
cannabinoid agonists THC, WIN-55212-2 and CP-55940,
as measured by bar slips and observations of hypotonia
and hyperreflexia (64). Cannabidiol was reported to be
clinically ineffective in relieving symptoms of Huntington’s
chorea in a clinical trial measuring chorea severity and
other motor and emotional indicators. Despite the lack of
therapeutic effect, the drug was well tolerated and pro-
duced no apparent toxicity when administered to patients
at doses of 700 mg/day (65). The motor effects of tradi-
tional cannabinoids are mediated by CB1 receptors,
which are densely expressed in the basal ganglia (66).
Thus, cannabidiol, with its low affinity for these receptors,
is less likely to affect motor function.

Peripheral effects of cannabidiol

Cardiovascular effects

Despite the affinity of cannabidiol for TRPV1 recep-
tors and the known involvement of TRPV1 receptors in
mediating the cardiovascular effects of both capsaicin
and anandamide, cannabidiol does not produce vasodi-
latation and hypertension when administered alone and
does not alter hypotension or reflex hyperventilation
induced by anandamide, or hypotension induced by the
cannabinoid agonist HU-210 (67, 68). Although this most
likely reflects the lack of CB1/CB2 receptor activity of
cannabidiol, it might have been expected that cannabidi-
ol would potentiate the activity of anandamide on blood
pressure given its ability to block the hydrolysis of anan-
damide by FAAH. Cannabidiol also blocks the vasodilata-
tion produced by the behaviorally inactive cannabidiol
analogue abnormal cannabidiol, which has been sug-
gested to be due to the antagonism of an as yet uniden-
tified non-CB1, non-CB2 Gi/Go-coupled receptor which
produces vasodilatation by a nitric oxide-independent
mechanism, possibly via the release of endothelium-
derived hyperpolarizing factor (EDHF) (67, 69).

Antiinflammatory effects

Cannabidiol blocked the synthesis and release of the
inflammatory cytokine interferon and decreased the
amount of IL-1α and tumor necrosis factor (TNF) in

to glycine antagonist-induced seizure activity. Later stud-
ies showed that while THC and WIN-55212-2 exerted
anticonvulsant activity via CB1 receptors in a maximal
electroshock animal model, the anticonvulsant activity of
cannabidiol was not CB1 receptor-mediated (47).

Patients with epileptic seizures no longer controlled
by previous antiepileptic medication were administered
cannabidiol at doses of approximately 200-300 mg/day
for up to 4.5 months, as an adjunct to previous medica-
tion. Cannabidiol reduced seizure activity in 50% of the
patients and was well tolerated in both the epileptic
patients and in a group of healthy volunteers receiving
oral doses of 3 mg/kg/day for 30 days (48).

Neuroprotective effects

Cannabidiol protected against glutamate-induced
neurotoxicity and reactive oxygen species-induced cell
death in cortical neuronal cultures in a cannabinoid
receptor-independent manner (49). Glutamate toxicity
associated with NMDA, AMPA and kainate receptors was
reduced without directly blocking NMDA receptors, sug-
gesting the possibility of reduced side effects associated
with noncompetitive NMDA receptor antagonists. In
serum-deprived fibroblasts, cannabidiol prevented cell
death via an antioxidant effect (50), and it also reduced
infarct size in a rat model of ischemic stroke (51). The
neuroprotective effect of cannabidiol has also been
shown to involve peroxynitrite in retinal neurons, implicat-
ing its use as a novel treatment for glaucoma (52).
Cannabidiol protected against neurotoxicity in a model of
ethanol binge drinking; this toxicity is considered to be
mediated via NMDA receptors, as well as oxidative stress
(53). Cannabidiol (3 mg/kg/day i.p. for 2 weeks) protect-
ed against neurotoxicity induced by injection of 6-hydrox-
ydopamine into the medial forebrain bundle (54), which
may be relevant in Parkinson’s disease.

Antiemetic effects

Unlike THC and another nonpsychotropic Cannabis
constituent, cannabinol, cannabidiol did not decrease
gastrointestinal motility or transit time (55). However, it
suppressed nausea in a conditioned rejection rat model
of nausea (56). Cannabidiol reversed lithium chloride-
and cisplatin-induced vomiting in the shrew at low doses
(5 and 10 mg/kg), but it potentiated  vomiting at higher
doses (24 and 40 mg/kg); these effects were not reversed
by the CB1 receptor antagonist SR-141716 (57, 58).
Interestingly, this biphasic dose-response relationship
has been reported in other assays of cannabidiol activity
(37, 59), as well as for endogenous cannabinoids such as
anandamide (60) and natural and synthetic cannabinoid
ligands (61, 62). Further work is necessary to investigate
phases of nausea that may not be responsive to the cur-
rent 5-HT3 receptor antagonists, such as anticipatory
vomiting following chemotherapy and delayed emesis
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tions of these actions in combination with an expanding
understanding of the endocannabinoid neurotransmitter
system will provide valuable insight into the pharmaco-
logical and potential clinical effects of this drug. 

Cannabidiol represents a promising therapeutic agent
for the treatment of psychosis, hyperalgesia, stroke and
seizures, with a favorable side effect profile. Therapeutic
effects are reported across a wide dose range, and fur-
ther studies are necessary to confirm appropriate doses
for conditions for which cannabidiol may be a potential
treatment. Cannabis plant preparations have long been
smoked or consumed orally by patients wishing to allevi-
ate a number of pathological conditions, including pain
associated with cancer, multiple sclerosis and other
chronic disorders. The Cannabis-induced increase in
appetite colloquially known as the ‘munchies’ may be har-
nessed to beneficial effect in  cancer and AIDS sufferers
where cachexia and anorexia lead to significant deterio-
ration of health. Transdermal delivery is being investigat-
ed as a means of improving the bioavailability of
cannabidiol, with good absorption observed using etho-
somal delivery (a eutectic mixture of cannabidiol and the
phospholipid phosphatidylcholine) (75) and transdermal
patches with coadministration of ethanol (76). However,
Cannabis users have often reported that the whole plant
is more effective than pure THC extracts such as dron-
abinol, particularly as smoking may produce more rapid
and extensive bioavailability. Some reports suggest that
THC may not be essential for some of the observed ther-
apeutic effects of the Cannabis plant, such as anticonvul-
sant activity (77). Opportunistic exploitation of other
Cannabis constituents, such as cannabidiol, which, in
addition to its own therapeutic potential, is able to coun-
teract some of the psychotropic effects of cannabinoids
such as THC, represents a valuable clinical opportunity.
Administration of Cannabis extracts rich in cannabidiol
and low in THC, or coadministration of cannabidiol with
therapeutic doses of cannabinoid receptor agonists, may
result in clinical efficacy without incurring undesirable side
effects.

References

1. Mechoulam, R., Hanus, L. Cannabidiol: An overview of some
chemical and pharmacological aspects. Part I: Chemical
aspects. Chem Phys Lipids 2002, 121(12): 35-43.

2. ElSohly, M.A. et al. Potency trends of delta9-THC and other
cannabinoids in confiscated marijuana from 1980-1997. J
Forensic Sci 2000, 45(1): 24-30.

3. Alozie, S.O. et al. 3H-delta9-Tetrahydrocannabinol, 3H-
cannabinol and 3Hcannabidiol: Penetration and regional distribu-
tion in rat brain. Pharmacol Biochem Behav 1980, 12(2): 217-21.

4. Agurell, S. et al. Pharmacokinetics and metabolism of delta 1
tetrahydrocannabinol and other cannabinoids with emphasis on
man. Pharmacol Rev 1986, 38(1): 21-43.

5. Harvey, D.J., Mechoulam, R. Metabolites of cannabidiol iden-
tified in human urine. Xenobiotica 1990, 20(3): 303-20.

human peripheral blood mononuclear cells (70). The ther-
apeutic potential of cannabidiol in an animal model of
rheumatoid arthritis was subsequently investigated.
Cannabidiol administered both orally and intraperitoneal-
ly reversed symptoms of collagen-induced arthritis (CIA)
in mice and reduced inflammatory and immune respons-
es associated with the disease in both ex vivo and in vitro
studies (59). These effects were suggested to be the
result of a disruptive effect of the lipophilic cannabidiol on
cell membranes, or due to the effect of a metabolite of
cannabidiol on CB2 receptors; the contribution of TRPV1
receptors was not investigated. More recently, cannabidi-
ol was shown to reduce the neuronal death-induced
migration of microglial cells which is stimulated by the
endocannabinoid 2-arachidonylglycerol, possibly by
inhibiting the as yet uncharacterized abnormal cannabid-
iol receptor (71).

Genitourinary effects

Cannabidiol reduced the ability of the CB1 and CB2
agonists WIN-55212-2 and CP-55940 to inhibit electrical-
ly evoked contractions in the mouse vas deferens in a
competitive, surmountable manner at a concentration (10
µM) lower than the published values for binding to CB1
receptors. The mechanism of the effect of cannabidiol is
not postjunctional, as it did not enhance the contractile
effects of α-adrenoceptor agonists and P2X agonists, and
in fact it selectively decreased the contractility in
response to noradrenaline, but not to β, γ-methylene-ATP
(72). Subsequently, a derivative of cannabidiol, (-)-7-OH-
DMH-CBD, was shown to reduce electrically evoked con-
tractions in the same tissue preparation in a similar man-
ner to WIN-55212-2; this effect was attenuated by
cannabidiol administration and was suggested to be due
to an effect at a non-CB1, non-TRPV1 receptor target
(73).

Ocular effects

Cannabidiol reduced intraocular pressure in cats in
comparison to untreated controls, without producing toxic
effects such as conjunctival erythema and corneal opaci-
ty that were observed with THC administration (74).
These side effects were also observed upon administra-
tion of Cannabis extract containing THC, but to a lesser
extent, perhaps due to the presence of cannabidiol in the
extract.

Conclusions

In summary, cannabidiol is a nonpsychoactive
Cannabis constituent that has affinity for TRPV1 recep-
tors and modifies the cellular uptake and metabolism of
the endocannabinoid/putative endovanilloid anandamide.
Further studies into the interesting physiological implica-

Drugs Fut 2005, 30(7) 751



24. Zygmunt, P.M. et al. The anandamide transport inhibitor
AM404 activates vanilloid receptors. Eur J Pharmacol 2000,
396(1): 39-42.

25. De Petrocellis, L. et al. The activity of anandamide at vanil-
loid VR1 receptors requires facilitated transport across the cell
membrane and is limited by intracellular metabolism. J Biol
Chem 2001, 276(16): 12856-63.

26. Golech, S.A. et al. Human brain endothelium: Coexpression
and function of vanilloid and endocannabinoid receptors. Brain
Res Mol Brain Res 2004, 132(1): 87-92.

27. Kim, S.R. et al. Transient receptor potential vanilloid subtype
1 mediates cell death of mesencephalic dopaminergic neurons in
vivo and in vitro. J Neurosci 2005, 25(3): 662-71.

28. Toth, A. et al. Expression and distribution of vanilloid recep-
tor 1 (TRPV1) in the adult rat brain. Brain Res Mol Brain Res
2005, 135(1-2): 162-8.

29. Zuardi, A.W. et al. Effects of cannabidiol in animal models
predictive of antipsychotic activity. Psychopharmacology 1991,
104(2): 260-4.

30. Guimaraes, V.M. et al. Cannabidiol increases Fos expression
in the nucleus accumbens but not in the dorsal striatum. Life Sci
2004, 75(5): 633-8.

31. Moreira, F.A., Guimaraes, F.S. Cannabidiol inhibits the
hyperlocomotion induced by psychotomimetic drugs in mice. Eur
J Pharmacol 2005, 512(2-3): 199-205.

32. Long, L.E. et al. Cannabidiol reverses MK-801-induced dis-
ruption of prepulse inhibition in mice. Neuropsychopharmacology
2005, In press.

33. Zuardi, A.W. et al. Antipsychotic effect of cannabidiol. J Clin
Psychiatry 1995, 56(10): 485-6.

34. Leweke, F.M. et al. Different effects of nabilone and
cannabidiol on binocular depth inversion in man. Pharmacol
Biochem Behav 2000, 66(1): 175-81.

35. Dalton, W.S. et al. Influence of cannabidiol on delta-9-
tetrahydrocannabinol effects. Clin Pharmacol Ther 1976, 19(3):
300-9.

36. Zuardi, A.W. et al. Action of cannabidiol on the anxiety and
other effects produced by delta9-THC in normal subjects.
Psychopharmacology 1982, 76(3): 245-50.

37. Guimaraes, F.S. et al. Anxiolytic effect of cannabidiol derivatives
in the elevated plus-maze. Gen Pharmacol 1994, 25(1): 161-4.

38. Onaivi, E.S. et al. Pharmacological characterization of
cannabinoids in the elevated plus maze. J Pharmacol Exp Ther
1990, 253(3): 1002-9.

39. Ham, M.T., De Jong, Y. Absence of interaction between
delta9-tetrahydrocannabinol (delta-THC) and cannabidiol (CBD)
in aggression, muscle control and body temperature experi-
ments in mice. Psychopharmacologia 1975, 41(2): 169-74.

40. Finn, D.P. et al. Effects of coadministration of cannabinoids
and morphine on nociceptive behaviour, brain monoamines and
HPA axis activity in a rat model of persistent pain. Eur J Neurosci
2004, 19(3): 678-86.

41. Wade, D.T. et al. A preliminary controlled study to determine
whether whole-plant cannabis extracts can improve intractable
neurogenic symptoms. Clin Rehab 2003, 17(1): 21-9.

6. Grotenhermen, F. Pharmacokinetics and pharmacodynamics
of cannabinoids. Clin Pharmacokinet 2003, 42(4): 327-60.

7. Showalter, V.M. et al. Evaluation of binding in a transfected
cell line expressing a peripheral cannabinoid receptor (CB2):
Identification of cannabinoid receptor subtype selective ligands.
J Pharmacol Exp Ther 1996, 278(3): 989-99.

8. Bisogno, T. et al. Molecular targets for cannabidiol and its syn-
thetic analogues: Effect on vanilloid VR1 receptors and on the
cellular uptake and enzymatic hydrolysis of anandamide. Br J
Pharmacol 2001, 134(4): 845-52.

9. Petitet, F. et al. Complex pharmacology of natural cannabi-
noids: Evidence for partial agonist activity of delta9-tetrahydro-
cannabinol and antagonist activity of cannabidiol on rat brain
cannabinoid receptors. Life Sci 1998, 63(1): PL1-6.

10. Fride, E. et al. Peripheral, but not central effects of cannabid-
iol derivatives: Mediation by CB(1) and unidentified receptors.
Neuropharmacology 2005, 48(8): 1117-29.

11. Howlett, A.C. et al. Cannabinoid physiology and pharmacol-
ogy: 30 years of progress. Neuropharmacology 2004, 47(Suppl.
1): 345-58.

12. Herkenham, M. et al. Characterization and localization of
cannabinoid receptors in rat brain: A quantitative in vitro autora-
diographic study. J Neurosci 1991, 11(2): 563-83.

13. Howlett, A.C. et al. International Union of Pharmacology.
XXVII. Classification of cannabinoid receptors. Pharmacol Rev
2002, 54(2): 161-202.

14. Wilson, R.I., Nicoll, R.A. Endocannabinoid signaling in the
brain. Science 2002, 296(5568): 678-82.

15. Ross, R.A. Anandamide and vanilloid TRPV1 receptors. Br J
Pharmacol 2003, 140(5): 790-801.

16. Caterina, M.J., Julius, D. The vanilloid receptor: A molecular
gateway to the pain pathway. Annu Rev Neurosci 2001, 24(1):
487-517.

17. Clapham, D.E. et al. International Union of Pharmacology.
XLIII. Compendium of voltage-gated ion channels: Transient
receptor potential channels. Pharmacol Rev 2003, 55(4): 591-6.

18. Prescott, E.D., Julius, D. A modular PIP2 binding site as a
determinant of capsaicin receptor sensitivity. Science 2003,
300(5623): 1284-8.

19. Nagy, I. et al. The role of the vanilloid (capsaicin) receptor
(TRPV1) in physiology and pathology. Eur J Pharmacol 2004,
500(1-3): 351-69.

20. Mezey, E. et al. Distribution of mRNA for vanilloid receptor
subtype 1 (VR1), and VR1-like immunoreactivity, in the central
nervous system of the rat and human. Proc Natl Acad Sci USA
2000, 97(7): 3655-60.

21. Zygmunt, P.M. et al. Vanilloid receptors on sensory nerves
mediate the vasodilator action of anandamide. Nature 1999,
400(6743): 452-7.

22. Szallasi, A., Di Marzo, V. New perspectives on enigmatic
vanilloid receptors. Trends Neurosci 2000, 23(10): 491-7.

23. De Petrocellis, L. et al. Overlap between the ligand recogni-
tion properties of the anandamide transporter and the VR1 vanil-
loid receptor: Inhibitors of anandamide uptake with negligible
capsaicin-like activity. FEBS Lett 2000, 483(1): 52-6.

752 Pharmacological actions of cannabidiol



59. Malfait, A.M. et al. The nonpsychoactive cannabis con-
stituent cannabidiol is an oral anti-arthritic therapeutic in murine
collagen-induced arthritis. Proc Natl Acad Sci USA 2000, 97(17):
9561-6.

60. Sulcova, E. et al. Biphasic effects of anandamide. Pharmacol
Biochem Behav 1998, 59(2): 347-52.

61. Taylor, D.A., Fennessy, M.R. Biphasic nature of the effects of
delta9-tetrahydrocannabinol on body temperature and brain
amines of the rat. Eur J Pharmacol 1977, 46(2): 93-9.

62. Chaperon, F., Thiebot, M.H. Behavioral effects of cannabi-
noid agents in animals. Crit Rev Neurobiol 1999, 13(3): 243-81.

63. Fride, E. et al. (+)-Cannabidiol analogues which bind
cannabinoid receptors but exert peripheral activity only. Eur J
Pharmacol 2004, 506(2): 179-88.

64. Patel, S., Hillard, C.J. Cannabinoid CB(1)receptor agonists
produce cerebellar dysfunction in mice. J Pharmacol Exp Ther
2001, 297(2): 629-37.

65. Consroe, P. et al. Controlled clinical trial of cannabidiol in
Huntington’s disease. Pharmacol Biochem Behav 1991, 40(3): 701-8.

66. Herkenham, M. et al. Neuronal localization of cannabinoid recep-
tors in the basal ganglia of the rat. Brain Res 1991, 547(2): 267-74.

67. Jarai, Z. et al. Cannabinoid-induced mesenteric vasodilation
through an endothelial site distinct from CB1 or CB2 receptors.
Proc Natl Acad Sci USA 1999, 96(24): 14136-41.

68. McQueen, D.S. et al. Cannabidiol lacks the vanilloid VR1-
mediated vasorespiratory effects of capsaicin and anandamide
in anaesthetised rats. Eur J Pharmacol 2004, 491(2-3): 181-9.

69. Offertaler, L. et al. Selective ligands and cellular effectors of
a G protein-coupled endothelial cannabinoid receptor. Mol
Pharmacol 2003, 63(3): 699-705.

70. Watzl, B. et al. Marijuana components stimulate human
peripheral blood mononuclear cell secretion of interferon-gamma
and suppress interleukin-1 alpha in vitro. Int J Immunopharmacol
1991, 13(8): 1091-7.

71. Walter, L. et al. Nonpsychotropic cannabinoid receptors reg-
ulate microglial cell migration. J Neurosci 2003, 23(4): 1398-405.

72. Pertwee, R.G. et al. (-)-Cannabidiol antagonizes cannabinoid
receptor agonists and noradrenaline in the mouse vas deferens.
Eur J Pharmacol 2002, 456(1-3): 99-106.

73. Pertwee, R.G. et al. Evidence that (-)-7-hydroxy-4’-dimethyl-
heptyl-cannabidiol activates a non-CB(1), non-CB(2), non-
TRPV1 target in the mouse vas deferens. Neuropharmacology
2005, 48(8): 1139-46.

74. Colasanti, B.K. et al. Ocular hypotension, ocular toxicity, and
neurotoxicity in response to marihuana extract and cannabidiol.
Gen Pharmacol 1984, 15(6): 479-84.

75. Lodzki, M. et al. Cannabidiol — Transdermal delivery and
anti-inflammatory effect in a murine model. J Control Release
2003, 93(3): 377-87.

76. Stinchcomb, A.L. et al. Human skin permeation of delta9-
tetrahydrocannabinol, cannabidiol and cannabinol. J Pharm
Pharmacol 2004, 56(3): 291-7.

77. Wilkinson, J.D. et al. Medicinal cannabis: Is delta9-tetrahy-
drocannabinol necessary for all its effects? J Pharm Pharmacol
2003, 55(12): 1687-94.

42. Wade, D.T. et al. Do cannabis-based medicinal extracts have
general or specific effects on symptoms in multiple sclerosis? A
double-blind, randomized, placebo-controlled study on 160
patients. Multiple Sclerosis 2004, 10(4): 434-41.

43. Berman, J.S. et al. Efficacy of two cannabis based medicinal
extracts for relief of central neuropathic pain from brachial plexus
avulsion: Results of a randomised controlled trial. Pain 2004,
112(3): 299-306.

44. Costa, B. et al. Vanilloid TRPV1 receptor mediates the anti-
hyperalgesic effect of the nonpsychoactive cannabinoid,
cannabidiol, in a rat model of acute inflammation. Br J Pharmacol
2004, 143(2): 247-50.

45. Karler, R. et al. The anticonvulsant activity of cannabidiol and
cannabinol. Life Sci 1973, 13(11): 1527-31.

46. Consroe, P. et al. Effects of cannabidiol on behavioral
seizures caused by convulsant drugs or current in mice. Eur J
Pharmacol 1982, 83(3-4): 293-8.

47. Wallace, M.J. et al. Assessment of the role of CB1 receptors
in cannabinoid anticonvulsant effects. Eur J Pharmacol 2001,
428(1): 51-7.

48. Cunha, J.M. et al. Chronic administration of cannabidiol to
healthy volunteers and epileptic patients. Pharmacology 1980,
21(3): 175-85.

49. Hampson, A.J. et al. Cannabidiol and (-)-delta9-tetrahydro-
cannabinol are neuroprotective antioxidants. Proc Natl Acad Sci
USA 1998, 95(14): 8268-73.

50. Chen, Y., Buck, J. Cannabinoids protect cells from oxidative
cell death: A receptor-independent mechanism. J Pharmacol
Exp Ther 2000, 293(3): 807-12.

51. Hampson, A.J. et al. Neuroprotective antioxidants from mari-
juana. Ann NY Acad Sci 2000, 899(1): 274-82.

52. El-Remessy, A.B. et al. Neuroprotective effect of (-){delta}9-
tetrahydrocannabinol and cannabidiol in N-methyl-D-aspartate-
induced retinal neurotoxicity: Involvement of peroxynitrite. Am J
Pathol 2003, 163(5): 1997-2008.

53. Hamelink, C. et al. Comparison of cannabidiol, antioxidants
and diuretics in reversing binge ethanol-induced neurotoxicity. J
Pharmacol Exp Ther 2005, jpet 105.085779.

54. Lastres-Becker, I. et al. Cannabinoids provide neuroprotec-
tion against 6-hydroxydopamine toxicity in vivo and in vitro:
Relevance to Parkinson’s disease. Neurobiol Dis 2005, 19(1-2):
96-107.

55. Shook, J.E., Burks, T.F. Psychoactive cannabinoids reduce
gastrointestinal propulsion and motility in rodents. J Pharmacol
Exp Ther 1989, 249(2): 444-9.

56. Parker, L.A. et al. Cannabidiol, a non-psychoactive compo-
nent of cannabis and its synthetic dimethylheptyl homolog sup-
press nausea in an experimental model with rats. Neuroreport
2002, 13(5): 567-70.

57. Kwiatkowska, M. et al. A comparative analysis of the poten-
tial of cannabinoids and ondansetron to suppress cisplatin-
induced emesis in the Suncus murinus (house musk shrew).
Psychopharmacology 2004, 174(2): 254-9.

58. Parker, L.A. et al. Effect of cannabinoids on lithium-induced
vomiting in the Suncus murinus (house musk shrew).
Psychopharmacology 2004, 171(2): 156-61.

Drugs Fut 2005, 30(7) 753


