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Introduction

Cannabidiol (CBD) is one of more than 60 oxygen-containing hydrocarbon
constituents of cannabis that are collectively known as plant cannabinoids or
phytocannabinoids [1, 2]. It was first isolated in 1940, by Roger Adams from
Mexican marijuana and by Alexander Todd from Indian charas [3]. However,
the correct structure of CBD was not determined until 1963 and its absolute
stereochemistry until 1967 [4]. The CBD molecule is chiral and it is only the
3R,4R-(–)-enantiomer of this molecule that is found in cannabis. This enan-
tiomer is referred to throughout this review as CBD. The chemical nomen-
clature of CBD differs from that of 6aR,10aR-(–)-∆9-tetrahydrocannabinol
(∆9-THC), the main psychoactive constituent of cannabis. Thus, as shown in
Figure 1, whereas ∆9-THC has a pyran ring which determines its numbering,
CBD has no heterocyclic ring and its numbering is based on that of the ter-
pene ring. Much of the ∆9-THC and CBD that is extracted from harvested
cannabis derives from the C-2 and C-4 carboxylic acids of ∆9-THC or the
C-3'/C-5' carboxylic acid of CBD (Fig. 1), all of which undergo decarboxy-
lation when the plant material is stored or heated [1, 5]. The pharmacology
of ∆9-THC has been intensively investigated and it is now generally accept-
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Figure 1. The structures of the phytocannabinoids (–)-∆9-tetrahydrocannabinol (∆9-THC) and
(–)-cannabidiol (CBD)



ed that, in contrast to CBD, it produces many of its effects by acting on
cannabinoid CB1 receptors to modulate central and peripheral neurotrans-
mission and on cannabinoid CB2 receptors to modulate cytokine release from
immune cells [6]. Additional pharmacological targets for ∆9-THC have also
been proposed [7]. Current knowledge about the pharmacological actions of
CBD is much more limited. There is already no doubt, however, that this
non-psychoactive phytocannabinoid is pharmacologically active and that its
pharmacological actions differ markedly from those of ∆9-THC [8, 9].
Moreover, as now discussed, it is likely that CBD will prove to have clinical
applications (i) for the management of epilepsy and certain other central
motor disorders, (ii) for the treatment of anxiety, psychotic illnesses and neu-
rotoxicity associated for example with stroke, (iii) for the treatment of
inflammation and (iv) for the attenuation of unwanted side effects produced
by ∆9-THC when this phytocannabinoid is used as a medicine. Other poten-
tial therapeutic targets for CBD include emesis, glaucoma, sleep and appetite
disorders, and cancer.

Epilepsy

To date there have been two investigations into the effects of CBD on epilep-
tic patients. One of these was performed with an epileptic patient who exhib-
ited symmetrical spike and wave electroencephalographic (EEG) activity
when in light sleep and was receiving medicine (unspecified) to prevent
tonic-clonic seizures [10]. When this patient fell into a light sleep after receiv-
ing chloral hydrate, intravenous infusion of CBD at 2.4 mg/min for 17 min was
associated with an increase in the occurrence of abnormal EEG. Whether CBD
altered the incidence of tonic-clonic seizures in this patient was not deter-
mined. The other investigation, a double-blind clinical trial, was carried out
with patients with secondary generalized epilepsy. These were patients who
were experiencing at least one generalized convulsive crisis per week even
though they were being given phenytoin, a barbiturate, primidone, clon-
azepam, carbamazepine, trimethadione and/or ethosuximide [11]. Of these
patients, seven were given 200 or 300 mg of CBD daily by mouth for up to 4.5
months. There was also one patient who crossed over from the placebo group
to CBD after 1 month. Seven other patients received placebo throughout the
investigation. Within the CBD group, four patients improved markedly, three
others showed some improvement and one patient did not improve. Only one
patient in the placebo group improved with time. The most serious side effect,
somnolence, was reported by four CBD patients and one placebo patient. As
to EEGs, improvement was observed in two of the placebo patients, but only
on one occasion, and in three of the CBD patients, with no change detected in
any of the other patients. Because all patients received their usual anti-epilep-
tic medicine(s) throughout this clinical trial, it is possible that instead of or as
well as having a direct anti-convulsant effect, CBD may have been enhancing
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the anti-convulsant effects of some these other drugs as, indeed, it has been
found to do in some animal experiments (see below).

In line with its reported anti-epileptic effect in human subjects, CBD has
been found to show anti-convulsant activity in several in vivo animal models
of epilepsy. For example, as indicated in Table 1, it can prevent convulsions
induced in mice or rats by electroshock, by sound or by convulsant agents such
as pentylenetetrazol. In addition, it prevents clonic convulsions caused by
chronic placement of cobalt wire in the dura and kindled convulsions produced
by repetitive electrical stimulation of the subiculum or by repeated subcuta-
neous administration of pentylenetetrazol. There are also reports that CBD can
enhance the ability of phenytoin to prevent audiogenic seizures in rats and of
phenytoin and phenobarbitone to prevent convulsions induced by electroshock
in mice [15, 30, 36, 37] and that it exhibits anti-convulsant activity in certain
electrophysiological models of epilepsy (see [8]). Unlike ∆9-THC, which has
been found to produce a mixture of pro-convulsant and anti-convulsant effects
in animal experiments, there is evidence that CBD has only anti-convulsant
properties [32, 38, 39]. Indeed, there is one report that convulsions induced by
∆9-THC in rabbits can be prevented by CBD when these two cannabinoids are
co-administered, although not when CBD is injected before ∆9-THC [16].

Little is yet known about the mechanism underlying the anti-convulsant
effects of CBD. That this mechanism is specific in nature is suggested by the
existence of a relationship between the structures of CBD analogues and the
ability of these analogues to prevent convulsions in animals [8]. Such specifici-
ty is also supported by observations; firstly that CBD is not active in all animal
models of epilepsy and secondly that CBD is effective as an anti-convulsant in
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Table 1. Established rodent models of epilepsy in which CBD shows anti-convulsant activity

Measured response reduced or abolished by CBD Reference

Convulsions induced in rats by corneal electroshock [15, 19, 28]

Convulsions induced in mice by corneal electroshock [13, 18, 20–25, 27,
30, 34, 35]

Convulsions induced in mice by ear electroshock [29]

Convulsions induced in mice by pentylenetetrazol [12, 18, 29, 30, 34]

Convulsions induced in mice or rabbits by convulsant agents other [16, 18]
than pentylenetetrazol

Convulsions induced by chronic placement of cobalt wire in the dura of rats [14]

Kindled seizures induced in rats by repetitive subicular electroshock [31]

Kindled seizures induced in mice by repeated injections of pentylenetetrazol [26]

Audiogenic convulsions in rats [15, 17]

Amplitude of electrically evoked cerebrocortical potentials in [32, 33]
unanaesthetized rats

Kindled afterdischarges induced in rats by repetitive subicular electroshock [31]

All animals were unanaesthetized.



rats and mice at doses below those at which it produces a general impairment
of motor function, for example in rotarod, bar-walk or open-field performance
assays [8]. Also consistent with a specific mode of action is the finding that
CBD shows quite high anti-convulsant potency, both in frogs, in which it has
been shown to protect against electroshock-induced tonic convulsions with a
potency at least 100 times greater than that of phenytoin [40] [this finding could
not be replicated when the frog experiments were performed at a different time
of the year (SA Turkanis, personal communication)], and in rats, in which it has
been reported to exhibit signs of anti-epileptic activity at doses of 0.3 and
3 mg/kg administered intraperitoneally (i.p.) [19, 31]. In mice, however, CBD
appears to have somewhat less anti-convulsant potency, reported ED50 values
for the protection of this species from convulsions induced by electroshock
being 38 mg/kg (administered intravenously, i.v.) and 80–120 mg/kg i.p. [21,
30, 34, 35]. Karler et al. [25] found the peak concentration of CBD in mouse
brain to be 8 µg/g following its i.p. administration at a dose of 120 mg/kg. This
approximates to 8 µg/ml and hence 25 µM, a concentration at which CBD
would be expected to modulate central neurotransmission, for example by bind-
ing to cannabinoid CB1 receptors and by inhibiting the transport of calcium,
anandamide or certain neurotransmitters across neuronal membranes (Tab. 2).
Interestingly, when mice were injected i.p. with an anti-convulsant dose of
phenytoin (7 mg/kg), the brain concentration of this compound peaked at
6.6 µg/g [25], a concentration that approximates to 26 µM. Hence, it appears
that although the doses at which CBD and phenytoin exhibit anti-convulsant
activity in mice differ considerably, these disparate doses produce essentially
the same concentration of CBD and phenytoin within the brain, suggesting that
CBD may have much lower bioavailability in this species, at least when the
intraperitoneal route is used.

There are reports that (+)- and (–)-CBD are equipotent against convulsions
induced in rats by sound [52] or in mice by electroshock [27], making it unlike-
ly that CBD prevents convulsions by acting on pharmacological targets such as
CB1 receptors that discriminate between these enantiomers [8, 42]. That CBD
does not act through CB1 receptors to prevent convulsions is also supported by
a report that its ability to oppose electroshock-induced maximal convulsions in
mice is not attenuated by the selective CB1 receptor antagonist, SR-141716A,
at a dose that does attenuate the anti-convulsant effect of ∆9-THC or
R-(+)-WIN-55212 [35].

Animal experiments have revealed several similarities between the
anti-convulsant properties of CBD and phenytoin [8]. Therefore, as has been
postulated for phenytoin, the anti-convulsant effect of CBD may depend at
least in part on an ability to block the spread of seizure activity in the brain,
possibly through suppression of post-tetanic potentiation. Indeed, there is
already a report that CBD can abolish post-tetanic potentiation in bullfrog iso-
lated ganglia, albeit at the rather high concentrations of 60–100 µM [53]. The
pharmacology of CBD has less in common with ethosuximide than with
phenytoin [8], suggesting that it may not share the ability of ethosuximide to
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prevent petit mal epilepsy (absence seizures) in humans. However, because
CBD differs from phenytoin in not eliciting any excitatory responses in behav-
ioural and electrophysiological models of epilepsy [31, 39], it may also differ
from phenytoin in not exacerbating absence seizures.

Clearly, there is now sufficient evidence to warrant further clinical investi-
gations into the use of CBD for the management of epilepsy, particularly grand
mal. Important objectives will be to identify all the types of epilepsy against
which CBD is active and to determine whether this cannabinoid is more effec-
tive or has less serious, unwanted effects than established anti-epileptic drugs,
whether tolerance develops to anti-convulsant effects of CBD in humans as it
can in an animal model in which tolerance to phenytoin also develops [22, 25],
and whether the synergism between CBD and phenytoin or phenobarbitone
that has been observed in animal models of grand mal epilepsy also occurs in
humans. At the non-clinical level, there is an urgent need for new research
aimed at elucidating the mechanisms that underlie the anti-convulsant effects
of CBD.

Other central motor disorders

In experiments directed at investigating the ability of CBD to improve chorea
arising from Huntington’s disease, positive results were obtained in one inves-
tigation in which four patients with this disease received CBD orally at 300 or
600 mg/day [54] but not in a subsequent clinical trial in which 15
Huntingtonian patients were given CBD orally for 6 weeks at about
700 mg/day [55]. The ability of CBD to reduce dystonia has also been inves-
tigated [56]. When administered to five patients at a dose of 100–600 mg/day
per os (p.o.) for 6 weeks together with the standard medication, CBD reduced
disease- or L-dopa-induced dystonia in all five patients. It also improved motor
function in two of the patients with disease-induced dystonia when given once
at 200 mg p.o. [57]. In two other patients, whereas CBD at 300–500 mg/day
improved dystonia, it exacerbated hypokinesia and resting tremor [56]. CBD
has also been reported to exhibit anti-dystonic activity in mutant hamsters
[58]. However, its effect was marginal and produced only by the rather high
dose of 150 mg/kg i.p. and not by 50 or 100 mg/kg i.p.

Anxiety

There is evidence that CBD has anxiolytic properties, at least in normal
human subjects. Zuardi et al. [59] have reported that at a dose of 300 mg p.o.
CBD relieves post-stress anxiety induced by a simulated public-speaking test
and there are other reports that CBD has a sedative or somnolent effect in nor-
mal subjects at 200–600 mg p.o. [60, 61]. There is also evidence that the anx-
iolytic effect produced by CBD in normal human subjects is mediated by lim-
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bic and paralimbic brain areas [62]. Although the question of whether CBD
is effective against “pathological” anxiety states has still to be addressed,
there is already evidence that CBD can oppose anxiety induced in humans by
∆9-THC. Thus, Karniol et al. [63] found that groups of five human subjects
who took 30 mg of ∆9-THC p.o. together with 15, 30 or 60 mg of CBD expe-
rienced less ∆9-THC-induced anxiety and panic and greater feelings of pleas-
ure than when they took the same dose of ∆9-THC by itself. Similarly, Zuardi
et al. [64] found that whereas the incidence of feeling anxious, troubled, with-
drawn, feeble, incompetent and discontented was greater in eight human sub-
jects after ∆9-THC at 0.5 mg/kg p.o. than after placebo treatment, CBD at
1 mg/kg p.o. attenuated these effects of ∆9-THC when the two cannabinoids
were co-administered and by itself increased the incidence of feeling quick
witted and clear minded.

As discussed in greater detail elsewhere [8], CBD also shows signs of anx-
iolytic activity in animal models, experiments with rats or mice indicating that
it can suppress the conditioned emotional response, increase conflict response
rates and augment the proportion of time spent in the open arms of the elevat-
ed-plus maze. Interestingly, experiments with mice have also shown that the
anxiogenic effect produced by ∆9-THC in the elevated-plus maze can be
opposed by a dose of CBD (0.01 mg/kg i.p.) that by itself is sub-anxiolytic in
this bioassay [65]. CBD appears to have a bell-shaped dose-response curve for
its anxiolytic effect, at least in animal assays [8]. For example, in rat experi-
ments with the elevated-plus maze, it has been found to show greatest anxi-
olytic activity at 5 mg/kg i.p., less activity at 2.5 and 10 mg/kg and no activi-
ty at 20 mg/kg [66]. Why this should be remains to be established. There is
also nothing yet unknown about the mechanism(s) by which CBD reduces
anxiety other than that it appears to interact with its site(s) of action in a struc-
ture-dependent manner [8].

Psychotic illnesses

There is some very preliminary evidence that CBD may have anti-psychotic
activity. Thus in experiments with nine normal human subjects, Leweke et al.
[60] found co-administration of CBD (200 mg p.o.) to oppose the ability of
the cannabinoid receptor agonist, nabilone (1 mg p.o.), to produce binocular
depth inversion, a visual illusion that is thought to provide a model of psy-
chosis. CBD did not affect this measured response when administered by
itself, although it did decrease the vividness of mental imagery. Further evi-
dence comes from some in vivo experiments with rats. These indicate that
CBD shares the ability of established anti-psychotic drugs such as haloperi-
dol to oppose certain effects of apomorphine, for example stereotyped sniff-
ing and biting [67]. However, unlike at least some anti-psychotic drugs, CBD
has been found not to induce catalepsy in rats or to elevate plasma prolactin
in humans [61, 67].
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Neurotoxicity

As discussed in greater detail elsewhere [8, 68–72], there is convincing evi-
dence that CBD (and other cannabinoids that contain a phenol group) can pro-
tect neurons against oxidative stress and glutamate-induced excitotoxity by
acting through a mechanism that is independent of CB1 or CB2 receptors. CBD
has, for example, been found to protect against neurotoxicity induced by glu-
tamate in primary cultures of rat cerebrocortical neurons (EC50 = 2–4 µM) [73,
74]. This was irrespective of whether the neurotoxicity was induced through
N-methyl-D-aspartate (NMDA), 2-amino-3-(4-butyl-3-hydroxyisoxazol-5-yl)-
propionic acid (AMPA) or kainate receptors. CBD was not antagonized by
SR-141716A, an indication that its neuroprotective effect was not mediated by
CB1 receptors. In addition, it has been found that CBD concentrations of 1 µM
or above oppose the release of calcium from intracellular stores stimulated by
metabotropic or ionotropic glutamate receptor activation [75] and protect
mouse hippocampal HT22 cells from oxidative death induced by hydrogen
peroxide [71]. CBD also shows neuroprotective activity in vivo. Thus in rats
with focal cerebral ischaemia induced by middle cerebral artery occlusion, it
reduced behavioural signs of neurological impairment and decreased cerebral
infarct volume when administered at ischaemia onset (5 mg/kg i.v.) and again
12 h after surgery (20 mg/kg i.p.) [74]. More recent experiments have shown
that CBD can also protect from signs of brain damage caused by cerebral
ischaemia in gerbils [76]. In these experiments the CBD dose-response curve
was bell-shaped, the optimal dose being 5 mg/kg i.p. There is also evidence
that in vivo treatment with CBD (2 mg/kg i.v.) can prevent retinal neurotoxic-
ity induced in adult rats by intravitreal injection of NMDA [72]. It will now be
important to establish whether CBD is neuroprotective in humans and, if it is,
to establish how best to exploit this effect in the clinic.

Strong evidence has emerged, for example from experiments in which reac-
tive oxygen species were generated in neuronal cultures [73], in mouse peri-
toneal granulocytes [77] or in a brain lipid oxidation assay [71], that, at con-
centrations in the low micromolar range, CBD possesses antioxidant (elec-
tron-donor) properties. Consequently, it is likely that the neuroprotective activ-
ity of CBD depends at least in part on an ability to act downstream of gluta-
mate receptors to protect cellular structures from damage induced by reactive
oxygen species generated in response to pathological events such as excessive
glutamate release. Interestingly, Hampson et al. [73] have reported that CBD
induces greater neuroprotection than α-tocopherol (vitamin E) or ascorbic
acid, both of which are endogenous neuroprotective antioxidants. Other
cannabinoids that possess neuroprotective properties include HU-211, which
is not a CB1 receptor ligand, and ∆9-THC, which is. Whereas these phenolic
cannabinoids both possess antioxidant activity, it is noteworthy that they prob-
ably owe their neuroprotective activity, at least in part, to an ability to block
NMDA receptors (HU-211) or to inhibit glutamate release by activating presy-
naptic receptors (∆9-THC; see [6, 78]). Further support for the hypothesis that
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CBD can prevent cell damage caused by reactive oxygen species comes first-
ly from evidence that in rats CBD (2 mg/kg i.v.) prevents NMDA-induced
apoptotic death of retinal cells, at least in part, by opposing the accumulation
of peroxynitrite [72] and secondly from the observation that at 100–700 nM,
although not at concentrations above 1 or 2 µM, CBD protects serum-deprived
human B lymphoblastoid cells or mouse NIH 3 T3 fibroblasts from oxidative
cell death [79]. Certain other classical cannabinoids, including the non-psy-
chotropic (+)-enantiomer of ∆9-THC, were also found to exhibit protective
activity in the latter investigation.

Inflammation

CBD has been reported to exhibit anti-inflammatory activity in several in vivo
bioassays (Tab. 3) [77, 80–83], with results from some of these experiments
indicating its dose-response curve to be bell-shaped. In addition, CBD has
been shown to produce anti-nociception in the mouse phenylbenzoquinone
abdominal stretch test [84], an effect that is consistent with its apparent
anti-inflammatory activity. However, there are also reports that CBD does not
exhibit anti-nociceptive activity in the mouse acetic acid abdominal stretch test
or attenuate signs of hyperalgesia induced in rats by the injection of yeast into
their hind paws [85]. In line with its inflammatory properties, there is evidence
that CBD can inhibit lipoxygenase [81, 86] and reduce release of the proin-
flammatory cytokines interleukin-1 [87, 88] and tumour necrosis factor-α [77,
87, 88]. In addition, there is evidence that it can inhibit cyclooxygenase, albeit
only at very high concentrations [86, 89–91]. However, CBD also possesses
actions that are likely to be proinflammatory: it can activate phospholipase A2

[90, 92–94] and inhibit release of the anti-inflammatory cytokine inter-
leukin-10 [95].

Results from recent experiments with the mouse microglial cell line BV-2
indicate that CBD may also reduce inflammation in the central nervous sys-
tem by affecting microglial cell migration [8, 96]. The data suggest that
microglial cells co-express CB2 receptors and receptors for abnormal CBD
and that when these receptors are simultaneously activated they interact syn-
ergistically to trigger chemokinetic and chemotaxic migration of the
microglial cells [96]. The data also suggest that 2-arachidonoyl glycerol can
activate both these receptor types to stimulate migration of BV-2 cells and that
this effect of 2-arachidonoyl glycerol is opposed by CBD, acting on the pro-
posed abnormal CBD receptors. CBD was found to display the mixed ago-
nist/antagonist properties that are typical of a partial agonist. Thus, at 0.3 µM,
it opposed the stimulatory effect of 2-arachidonoyl glycerol on microglial cell
migration but when administered by itself it produced a slight enhancement of
basal migration (EC50 = 0.25 µM). There is evidence that microglial cells
migrate towards neuroinflammatory lesion sites to release proinflammatory
cytokines and cytotoxic agents and also that 2-arachidonoyl glycerol produc-
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tion by microglial cells can be increased by a pathological stimulus [96].
Consequently, it is possible that when given alone or in combination with a
CB2 receptor antagonist, CBD may have therapeutic potential for the man-
agement of neuroinflammation resulting from endocannabinoid-induced
enhancement of microglial cell migration.

Other potential therapeutic targets

Emesis

Experiments in which rats were conditioned to display rejection reactions
(gaping, chin rubbing and paw treading) in response to oral infusion of a
flavour previously paired with the emetic agent lithium chloride have shown
that the frequency of these rejection reactions can be reduced by both CBD and
4'-dimethylheptyl-CBD at 5 mg/kg i.p. [97]. Similar results have been
obtained with ∆9-THC, 11-hydroxy-∆8-THC-dimethylheptyl (HU-210) and
the 5-HT3 receptor antagonist, ondansetron [98–100]. CBD has also been
found to modulate lithium-induced vomiting in the house musk shrew in a
manner that was insensitive to antagonism by the CB1-selective antagonist,
SR-141716A [101]. Interestingly, although vomiting was suppressed by CBD
at 5 and 10 mg/kg i.p., it was enhanced by higher doses (25 and 40 mg/kg i.p.).
In contrast, ∆9-THC exhibited only an anti-emetic effect which it seemed to
produce by acting through CB1 receptors. More recently, CBD has been found
to share the ability of ondansetron and ∆9-THC to suppress cisplatin-induced
emesis in the house musk shrew [102]. Again, CBD differed from ∆9-THC
(and ondansetron) by producing a biphasic effect. It suppressed vomiting at
5 mg/kg i.p. and enhanced it at 40 mg/kg i.p. It is noteworthy that CBD (10 or
20 mg/kg i.p.) also differs from ∆9-THC in not reducing 2-arachidonoyl glyc-
erol-induced vomiting in shrews [103].

Glaucoma

CBD has been found to lower intraocular pressure when applied directly to the
eyes of cats, acutely at 250 µg or continuously at 20 µg/h [104]. ∆9-THC was
also shown to lower cat intraocular pressure. However, whereas ∆9-THC pro-
duced conjunctival hyperaemia, erythema and chemosis, CBD did not.

Sleep disorders

One notable side effect of CBD in epileptic patients is somnolence (see sec-
tion on epilepsy). Consistent with this observation, rats injected with CBD at
20 or 40 mg/kg i.p. have been found to show signs of behavioural quiescence
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followed by sleep, during which they exhibited cortical EEG patterns of the
kind observed in physiological sleep [105]. Slow-wave sleep latency was
decreased by the lower dose, whereas the higher dose increased the amount of
slow-wave sleep. Rapid eye movement (REM) sleep was not affected by either
dose. In a second investigation, CBD administered at doses of 25–100 mg/kg
i.p. was found to increase sleep duration in rats [104]. In this investigation,
however, CBD reduced the proportion of sleep time spent in REM sleep and
delayed REM-sleep onset, indications that CBD may not be particularly effec-
tive clinically for the treatment of sleep disorders.

Appetite disorders

Experiments with rats have shown that, at 50 mg/kg i.p., CBD decreases the
consumption of dry food, water and sucrose solutions [106] and that at
30 mg/kg i.p. it reduces consumption of sweetened milk candy [107]. The
effect of CBD on appetite and food consumption in humans has yet to be
investigated.

Cancer

As detailed elsewhere [8, 108–112], in vitro experiments have shown that at
concentrations of 1 µM or more CBD can affect the growth and proliferation
of cancer cells, the effect most usually observed being one of inhibition. There
is also evidence that CBD has the ability to induce apoptosis in cultures of
human HL-60 myeloblastic leukaemia cells and human U87 and U373 glioma
cells [111, 112]. The data suggest that it produces this effect at 3.2 µM in
γ-irradiated leukaemia cells, at 12.7 µM in non-irradiated leukaemia cells and
at 25 µM but not 10 µM in the glioma cells [111, 112]. These and higher con-
centrations of CBD did not induce detectable apoptosis in γ-irradiated or
non-irradiated monocytes obtained from normal individuals [111]. For the
human glioma cell lines at least, the anti-tumour effects of CBD appear to be
produced in a manner that is independent of CB1 and vanilloid receptors,
although possibly not of CB2 receptors [112]. It has also been found that the
growth of human glioma cells implanted subcutaneously into nude mice can
be inhibited by CBD when this is administered repeatedly in vivo at a subcu-
taneous dose of 0.5 mg/mouse [112]. Future research directed at establishing
whether CBD has potential as an anti-cancer drug should include the perform-
ance of additional CBD experiments with in vivo animal models of cancer and
attempt to identify those types of tumour that are particularly susceptible to
this compound. A recent finding by Kogan et al. [113] that a quinoid deriva-
tive of CBD, HU-331, shows marked anti-tumour activity in vitro and in vivo
(in mice) also merits further investigation.
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Alzheimer’s disease

Iuvone et al. [114] have obtained evidence that one clinical application of CBD
may be for the prevention of neuronal cell death that occurs in Alzheimer’s dis-
ease. This evidence came from experiments performed with an in vitro model
of this disease in which rat cultured pheocromocytoma PC12 cells were
exposed to β-amyloid. It was found that CBD decreased β-amyloid-induced
neurotoxicity in these non-neuronal cancer cells at 0.1–100 µM in a manner
that appeared to depend, at least in part, on the ability of CBD to oppose
β-amyloid-induced intracellular accumulation of Ca2+, intracellular accumula-
tion of reactive oxygen species, lipid peroxidation and apoptosis, as measured
by caspase 3 accumulation and the occurrence of DNA fragmentation. This
CBD seemed to do in a CB1-receptor-independent manner. Whether CBD also
shows protective activity in a neuronal model of Alzheimer’s disease has yet
to be established.

Concluding discussion

In conclusion, results largely from animal experiments indicate that CBD has
a number of potential therapeutic applications. The evidence supporting its use
for the management of grand mal epilepsy, anxiety, neurotoxicity and inflam-
mation, both central and peripheral, is particularly convincing. However, it is
possible that CBD will also come to have other clinical uses, for example the
attenuation of unwanted effects of ∆9-THC, when this psychoactive cannabi-
noid is used as a medicine (see [8]), or the treatment of cancer, acute schizo-
phrenia, sleep or appetite disorders, disease- or drug-induced dystonia, glau-
coma or nausea. As to future research, this should be directed at (1) establish-
ing more conclusively whether CBD does indeed have therapeutic importance
by performing clinical trials that measure its efficacy, provide information
about the best dose regimens and delivery systems for particular applications
and identify any unwanted effects of significance, including the development
of tolerance to sought-after effects; (2) determining whether benefit-to-risk
ratios could be improved by co-administering CBD with other drugs, for
example with phenytoin for the management of grand mal epilepsy (see sec-
tion on epilepsy) or with a cannabinoid CB2 receptor antagonist to treat cen-
tral neuroinflammation (see section on inflammation); (3) investigating the
mode(s) of action of CBD more precisely and completely; (4) matching par-
ticular actions of CBD to particular therapeutic applications or side effects; (5)
seeking out additional potential clinical uses for CBD for which there is cur-
rently little or no evidence.

There is also a need for CBD to be optimized as a medicine. In particular,
it is important that the therapeutic applications of this phytocannabinoid are
defined more precisely, for example by mounting clinical trials directed at
establishing in greater detail (1) the types of epilepsy, neurotoxicity, dystonia
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or cancer against which CBD is most effective or (2) the extent to which CBD
can attenuate unwanted effects of ∆9-THC or contribute additional beneficial
effects without also producing unacceptable reductions in the clinically
sought-after effects of the psychoactive cannabinoid. In addition, it will be
important to determine the degree to which the apparent bell shape of the rela-
tionship between the dose of CBD and at least some of its sought-after effects
(e.g. anxiolytic, neuroprotective and anti-inflammatory effects) limits the set-
ting up of an acceptable dose regimen in the clinic. It will also be of interest to
discover the cause(s) of these bell-shaped dose-response relationships which
could, for example, arise because some actions produced only by high doses
of CBD elicit responses (e.g. enhancement of tissue levels of anandamide
through inhibition of its neuronal uptake and enzymic deamidation) that
oppose effects produced by CBD at lower doses (e.g. antagonism of anan-
damide) (see [8]). Since CBD can modulate the activity of hepatic microsomal
cytochrome P450 enzymes through both inhibition and induction (see [8]),
there is also a need to be aware that CBD may undergo clinically significant
pharmacokinetic interactions with some established medicines. Finally, it will
be important to investigate the desirability/possibility of developing an ana-
logue of CBD that, for example, has improved efficacy or potency for
sought-after effects or that has a dose-response curve with a shape that is clas-
sically sigmoid rather than bell-shaped.
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3 Mechoulam R, Hanuš L (2002) Cannabidiol: an overview of some chemical and pharmacological
aspects. Part I: chemical aspects. Chem Phys Lipids 121: 35–43

4 Mechoulam R, Gaoni Y (1967) Recent advances in the chemistry of hashish. Fortschr Chem Org
Naturst 25: 175–213

5 Whittle BA, Guy GW, Robson P (2001) Prospects for new cannabis-based prescription medicines.
J Cannabis Ther 1: 183–205

6 Howlett AC, Barth F, Bonner TI, Cabral G, Casellas P, Devane WA, Felder CC, Herkenham M,
Mackie K, Martin BR et al. RG (2002) International Union of Pharmacology. XXVII.
Classification of cannabinoid receptors. Pharmacol Rev 54: 161–202

7 Pertwee RG (2004) Novel pharmacological targets for cannabinoids. Curr Neuropharmacol 2:
9–29

8 Pertwee RG (2004) The pharmacology and therapeutic potential of cannabidiol. In: V Di Marzo
(ed.): Cannabinoids. Kluwer Academic/Plenum Publishers, New York, 32–83

9 Mechoulam R, Parker LA, Gallily R (2002) Cannabidiol: an overview of some pharmacological
aspects. J Clin Pharmacol 42: 11S–19S

10 Perez-Reyes M, Wingfield M (1974) Cannabidiol and electroencephalographic epileptic activity.
J Am Med Ass 230: 1635

11 Cunha JM, Carlini EA, Pereira AE, Ramos OL, Pimentel C, Gagliardi R, Sanvito WL, Lander N,
Mechoulam R (1980) Chronic administration of cannabidiol to healthy volunteers and epileptic
patients. Pharmacology 21: 175–185

60 R.G. Pertwee



12 Carlini EA, Leite JR, Tannhauser M, Berardi AC (1973) Cannabidiol and Cannabis sativa extract
protect mice and rats against convulsive agents. J Pharm Pharmacol 25: 664–665

13 Carlini EA, Mechoulam R, Lander N (1975) Anticonvulsant activity of four oxygenated cannabid-
iol derivatives. Res Commun Chem Pathol Pharmacol 12: 1–15

14 Chiu P, Olsen DM, Borys HK, Karler R, Turkanis SA (1979) The influence of cannabidiol and
∆9-tetrahydrocannabinol on cobalt epilepsy in rats. Epilepsia 20: 365–375

15 Consroe P, Wolkin A (1977) Cannabidiol – antiepileptic drug comparisons and interactions in
experimentally induced seizures in rats. J Pharmacol Exp Ther 201: 26–32

16 Consroe P, Martin P, Eisenstein D (1977) Anticonvulsant drug antagonism of ∆9-tetrahydro-
cannabinol induced seizures in rabbits. Res Commun Chem Pathol Pharmacol 16: 1–13

17 Consroe P, Martin A, Singh V (1981) Antiepileptic potential of cannabidiol analogs. J Clin
Pharmacol 21: 428S–436S

18 Consroe P, Benedito MAC, Leite JR, Carlini EA, Mechoulam R (1982) Effects of cannabidiol on
behavioral seizures caused by convulsant drugs or current in mice. Eur J Pharmacol 83: 293–298

19 Izquierdo I, Tannhauser M (1973) The effect of cannabidiol on maximal electroshock seizures in
rats. J Pharm Pharmacol 25: 916–917

20 Karler R, Cely W, Turkanis SA (1973) The anticonvulsant activity of cannabidiol and cannabinol.
Life Sci 13: 1527–1531

21 Karler R, Cely W, Turkanis SA (1974) A study of the relative anticonvulsant and toxic activities
of ∆9-tetrahydrocannabinol and its congeners. Res Commun Chem Pathol Pharmacol 7: 353–358

22 Karler R, Cely W, Turkanis SA (1974) A study of the development of tolerance to an anticonvul-
sant effect of ∆9-tetrahydrocannabinol and cannabidiol. Res Commun Chem Pathol Pharmacol 9:
23–39

23 Karler R, Cely W, Turkanis SA (1974) Anticonvulsant properties of ∆9-tetrahydrocannabinol and
other cannabinoids. Life Sci 15: 931–947

24 Karler R, Turkanis SA (1980) Subacute cannabinoid treatment: anticonvulsant activity and with-
drawal excitability in mice. Br J Pharmacol 68: 479–484

25 Karler R, Borys HK, Turkanis SA (1982) Influence of 22-day treatment on the anticonvulsant
properties of cannabinoids. Naunyn-Schmiedeberg’s Arch Pharmacol 320: 105–109

26 Karler R, Murphy V, Calder LD, Turkanis SA (1989) Pentylenetetrazol kindling in mice.
Neuropharmacology 28: 775–780

27 Leite JR, Carlini EA, Lander N, Mechoulam R (1982) Anticonvulsant effects of the (–) and (+)
isomers of cannabidiol and their dimethylheptyl homologs. Pharmacology 24: 141–146

28 Lindamood C, Colasanti BK (1980) Effects of ∆9-tetrahydrocannabinol and cannabidiol on sodi-
um-dependent high affinity choline uptake in the rat hippocampus. J Pharmacol Exp Ther 213:
216–221

29 Martin BR, Harris LS, Dewey WL (1984) Pharmacological activity of delta-9-THC metabolites
and analogs of CBD, delta-8-THC and delta-9-THC. In: S Agurell, WL Dewey and RE Willette
(eds): The Cannabinoids: Chemical, Pharmacologic and Therapeutic Aspects. Academic Press,
Orlando, FL, 523–544

30 Turkanis SA, Cely W, Olsen DM, Karler R (1974) Anticonvulsant properties of cannabidiol. Res
Commun Chem Pathol Pharmacol 8: 231–246

31 Turkanis SA, Smiley KA, Borys HK, Olsen DM, Karler R (1979) An electrophysiological analy-
sis of the anticonvulsant action of cannabidiol on limbic seizures in conscious rats. Epilepsia 20:
351–363

32 Turkanis SA, Karler R (1981) Electrophysiologic properties of the cannabinoids. J Clin
Pharmacol 21: 449S–463S

33 Turkanis SA, Karler R (1981) Excitatory and depressant effects of ∆9-tetrahydrocannabinol and
cannabidiol on cortical evoked responses in the concious rat. Psychopharmacology 75: 294–298

34 Usami N, Okuda T, Yoshida H, Kimura T, Watanabe K, Yoshimura H, Yamamoto I (1999)
Synthesis and pharmacological evaluation in mice of halogenated cannabidiol derivatives. Chem
Pharm Bull 47: 1641–1645

35 Wallace MJ, Wiley JL, Martin BR, DeLorenzo RJ (2001) Assessment of the role of CB1 receptors
in cannabinoid anticonvulsant effects. Eur J Pharmacol 428: 51–57

36 Chesher GB, Jackson DM (1974) Anticonvulsant effects of cannabinoids in mice: drug interac-
tions within cannabinoids and cannabinoid interactions with phenytoin. Psychopharmacology 37:
255–264

37 Chesher GB, Jackson DM, Malor RM (1975) Interaction of ∆9-tetrahydrocannabinol and

Cannabidiol as a potential medicine 61



cannabidiol with phenobarbitone in protecting mice from electrically induced convulsions. J
Pharm Pharmacol 27: 608–609

38 Karler R, Turkanis SA (1979) Cannabis and epilepsy. In: GG Nahas and WDM Paton (eds):
Marihuana: Biological Effects. Pergamon Press, Oxford, 619–641

39 Karler R, Turkanis SA (1981) The cannabinoids as potential antiepileptics. J Clin Pharmacol
(suppl) 21: 437S–448S

40 Karler R, Cely W, Turkanis SA (1974) Anticonvulsant activity of ∆9-tetrahydrocannabinol and its
11-hydroxy and 8α, 11-dihydroxy metabolites in the frog. Res Commun Chem Pathol Pharmacol
9: 441–452

41 Banerjee SP, Snyder SH, Mechoulam R (1975) Cannabinoids: influence on neurotransmitter
uptake in rat brain synaptosomes. J Pharmacol Exp Ther 194: 74–81
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