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Looking Back at Cannabis Research

Raphael Mechoulam*

Hebrew University, Medical Faculty, Department of Medicinal Chemistry and Natural Products, Jerusalem 91120,
Israel

Abstract: Research leading to the isolation of the plant cannabinoids during the 1960’s and to the
endogenous cannabinoids, during the 1990’s is described. Investigations on two non-psychotropic,
synthetic cannabinoids, HU-211, a neuroprotective agent and HU-308, a specific CB2 agonist are
presented.

INTRODUCTION research on Cannabis. Loewe, initially in Germany
and then in the US, and Walton in the US looked at
the pharmacology of the crude drug and then at the
activity of purified fractions. The structure of
cannabinol was elucidated, mainly on the basis of
detailed synthetic work. Cannabidiol was isolated
and work on its structure was initiated. Chemical
investigations with crude active mixtures and
synthetic compounds led to the suggestion that the
activity of Cannabis was due to unidentified
tetrahydrocannabinols (THC’s). Indeed synthetic
∆6a,10a-THC had Cannabis-type activity in the dog
ataxia assay. However this synthetic compound was
not identical to the constituent(s) in the active
mixture obtained from the plant: the UV spectra, the
only physical data available at the time, differed.
Research again stagnated for nearly 2 decades. For
reviews see [1,2].

A Historical Overview

The only permanent feature of Cannabis research
seems to be that it comes in and out of fashion
every several decades.

During the first fifty years of the 19th century, in
an effort to parallel the discovery of morphine in
opium, chemists in several European countries tried
to find the alkaloids presumed to be present in
Cannabis. The medical background of this endevour
were the exciting papers by O’Shaugnessy on the
use of Cannabis in India, mostly for neurological
diseases and the book by Moreau in France on the
use of Cannabis as a model for psychiatric diseases.
Active extracts may have been obtained but the
irreproducibility of the pharmacological results, and
the lack of success in isolation of an active
constituent, led to an almost complete standstill of
research over several decades. For a review see [1].
On hindsight the discouraging results were
probably due to the lack of stability of the active
constituent, and the complexity of the mixture of
chemically closely related Cannabis components
which can only be isolated by techniques which
were not available to the early chemists and
pharmacists.

In the early 1960’s our group at the Weizmann
Institute in Rehovot renewed research on the
chemistry of Cannabis. By then chromatographic
methods for the separation of terpenoid mixtures
had become available and had been used widely in
research on natural products. Our first paper dealt
with the reisolation of cannabidiol (CBD) and the
elucidation of its structure [3]. We used Lebanese
hashish confiscated by the police. This source
proved to be a rich source of cannabinoids – the
typical terpenophenols present in Cannabis – and it
was relatively easy to separate CBD, a crystalline
cannabinoid, from the rest of the cannabinoid
mixture. Its structure was determined by NMR
spectroscopy which at that time was a novel method
for structure elucidation. A few years later its
absolute configuration was established by
correlation with known terpenoids [4]. The
absolute configuration thus determined was later
shown to be identical to that of the rest of the chiral
cannabinoids isolated. Cannabidiol was not active
when tested in rhesus monkeys [5], however

At the end of the century a group in Cambridge,
UK isolated cannabinol, but mistakenly attributed to
it the activity of Cannabis. When cannabinol was
shown to be inactive, interest waned again. In the
early 1930’s Cahn, and a few years later Todd in
England and Adams in the US, renewed chemical
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cyclization under acidic conditions gave an active
product, ∆8-THC [6].

Thousands of papers have been published on ∆9-
THC [19]. There are few natural products that have
been investigated so thoroughly. Over the years we
have learned much about its metabolism,
physiological and pharmacological effects and
numerous clinical trials were undertaken. However
until the mid 1980’s we knew very little about its
mechanism of action. Conceptual problems
hampered work in this direction. One of these was
the presumed lack of stereoselectivity. Compounds
acting through a biomolecule – a receptor for
example – generally show a very high degree of
stereoselectivity. However synthetic (+)-∆9-THC
showed some cannabimimetic activity, although
considerably lower compared with that of natural (-
)-∆9-THC. This observation was not compatible
with the existence of a specific cannabinoid receptor
and of cannabinoid mediators. However in the mid
1980s it was established that cannabinoid activity is
highly stereoselective and that the previous
observations resulted from separation difficulties
[20].

Shortly after the isolation of CBD, Y. Gaoni and
I succeeded in isolating a pure, active, oily
constituent. It was possible to obtain a crystalline
derivative, a good analysis and an NMR spectrum
which led to elucidation of the structure, ∆9-
tetrahydrocannabinol (∆9-THC) (originally named
∆1-THC) [7]. This Cannabis component proved to
be the only psychotropically active Cannabis
constituent. Edery and his colleagues showed that at
low doses (0.5 mg/kg) it caused sedation in rhesus
monkeys which lasted over 4 hrs [5]. While the
isomer, ∆8-THC, is also present, its concentration in
Cannabis is usually miniscule and it does not
contribute significantly to the activity of the plant
extract. When ∆9-THC was administered to
monkeys together with the other major
cannabinoids present in Cannabis the activity
observed in monkeys could be attributed exclusively
to ∆9-THC [8]. The other compounds present did
not enhance, or reduce, the activity of THC. It
should be pointed out however that the rhesus
monkey tests done in the 1960’s were a rather
crude measurement of cannabinoid activity. We
know today that under certain conditions CBD
reduces the anxiety produced by ∆9-THC [9].

A second problem was pointed out by Paton who
assumed that ‘underlying much of the
pharmacology of Cannabis is the high lipophilicity
of its active principles which is responsible for the
slowness of its kinetics, its cumulation, [and] its
persistence’ [21]. Hence ∆9-THC should be
considered, according to Paton, to belong to the
group of biologically active lipophiles, that act
through membranes. The action of cannabinoids
could be explained without posulating the existence
of a specific cannabinoid receptor. However by the
mid 1980’s it became clear that the membrane
perturbation theory of Cannabis action represents at
best only part of the picture. Makriyannis has
recently reviewed the evidence and has concluded
that ‘although the cellular membrane may not be the
principal target for cannabinoid activity, it
nevertheless plays a role in the mechanism of
action’ [22].

In addition to cannabidiol and THC, numerous
components were isolated by us and other groups
particularly by Korte in Germany and Shoyama in
Japan. Amongst the neutral cannabinoids identified
cannabigerol [10], cannabichromene [11,12] and
cannabicyclol [13] (see Scheme 1) are of chemical
interest as they delineate a biogenetic route. In
addition to the neutral cannabinoids, cannabinoid
acids were also identified [14]. It is possible that
these acids are the original cannabinoids
synthesized by the plant. These constituents are
easily decarboxylated and produce the better known
neutral cannabinoids. It is of interest that two THC
acids, namely ∆9-THC acid A [15] and ∆9-THC acid
B [16], are the precursors of delta-9-THC. None of
the cannabinoids acids possess psychotropic
activity. For a review on Cannabis constituents see
[17].

Following the important observation that
cannabinoids inhibit adenylate cyclase [23], a
specific, high affinity binding site was discovered
[24]. Its distribution was consistent with the
pharmacological properties of psychotropic
cannabinoids. This receptor was shortly thereafter
cloned [25]. It was designated CB1. A peripheral
receptor (CB2) was identified in the spleen [26].
We assumed that the presence of a specific
cannabinoid receptor indicates the existence of
endogenous, specific cannabinoid ligands that
activate these receptors. We initiated a search for
such ligands. As all plant or synthetic cannabinoids
are lipid-soluble compounds, the isolation

The cannabinoids present in the plant point
towards a reasonable biogenetic pathway (see Fig
1). However, only a limited amount of experimental
work has been done on the biogenesis of
cannabinoids. It was shown recently that,
unexpectedly, cannabigerolic acid is not converted
first to cannabidiolic acid but through a novel
enzymatic oxidation- cyclization it forms directly
∆9-THC acid A [18].
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Fig.  (1) . Natural cannabinoids and their tentative biogenesis.

procedures employed were based on the assumption
that the endogenous ligands are lipids – an
assumption that ultimately proved to be correct.
Porcine brains and later canine gut were extracted
with organic solvents, and the extracts were
chromatographed according to standard protocols
for the separation of lipids. Two major

endocannabinoids were isolated – anandamide [27]
and 2-arachidonylglycerol [28,29]. Several
additional active anandamide-type compounds were
later isolated [30].

Detailed descriptions of the isolation and
structural elucidation of anandamide and 2-AG have
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been published [27,28]. Their structures are shown
in Fig 2.

and HU-211 appear in Fig 3. HU-211 did not
show any cannabinoid activity, however it blocked
the activity of N-methyl-D-aspartic acid (NMDA), a
potent toxin which acts by activation of one of the
glutamate receptors in the brain (the NMDA
receptor) [36]. Indeed HU-211 was found to be a
non-competitive functional antagonist of the
NMDA receptor. This receptor is associated with
many neurological functions, including cognition,
memory, movement and sensation. However, in a
variety of pathological conditions, including stroke,
trauma and various neurodegenerative disorders,
excessive activation of NMDA receptors mediates
neuronal injury or death [37]. Most NMDA
antagonists investigated so far have been withdrawn
from clinical trials due to serious side effects. As
the cannabinoids have not shown major side effects
it seemed possible that the nonpsychotropic HU-
211 may represent a promising new therapeutic
agent.

Hundreds of papers have appeared on the
endocannabinoids and the cannabinoid receptors,
and it is beyond the scope of this article to present a
full picture. For recent reviews see [31-32]. I will
address only a few aspects of potential therapeutic
interest, investigated in my laboratory at the Hebrew
University in collaboration with numerous
colleagues.

HU-211 (DEXANABINOL)

In a study on the relationship between
stereochemistry and cannabinoid activity we
prepared a highly potent analog of ∆8-THC – code
numbered HU-210 – as well as its enantiomer –
code numbered HU-211 [33]. HU-210 proved to be
the most potent cannabinoid synthesized up till
then. In various tests, in vitro and in vivo, it was
between 80 and 800 times more active than the
natural (-) ∆9-THC, depending on the test
employed [34-35]. The structures of the HU-210

In collaboration with E. Shohami, of our
department of pharmacology, Y. Kloog and M.
Sokolovsky of Tel Aviv University, and scientists
from Pharmos, an Israeli pharmaceutical firm, we
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Fig.  (3) .
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initiated a detailed investigation of the
pharmacology of HU-211.

HU-211 was administered to the experimental
animals 1 hour after injury. HU-211 was very
effective at improving cognitive and motor function
recovery during the entire evaluation period (30
days) [46]. It also attenuated the development of
cerebral edema in the traumatized hemisphere.
Hippocampal cells were protected by HU-211
treatment, and less cell death was observed in some
brain regions.

Nadler et al. [38] and Eshlar et al. [39] have
demonstrated that HU-211 protects neurons against
NMDA and glutamate neurotoxicity mediated by
NMDA receptors. A significant inhibition of uptake
of radioactive Ca++  by primary neuronal cultures of
rat forebrain was also noted.

In addition to effects associated with the
glutaminergic system, other biological systems are
also affected. HU-211 is an effective scavenger of
peroxy entities in vitro and protects neurons from
toxic effects of generators of free radicals [40]. It
also attenuated neuronal cell damage produced by
oxygen deprivation (anoxia). HU-211 was also
found to markedly suppress TNFα production by
macrophages which are the main producers of this
compound in the body [41]. TNFα is involved in
the pathogenesis of various immune-mediated
processes: multiple sclerosis, inflammatory bowel
disease, rheumatoid erthritis and cachexia (weight
loss; wasting) [42].

Treatment with HU-211 also significantly
protected the integrity of the blood brain barrier
(BBB) which is damaged by trauma. Rats injected
i.v. with a dye, and with HU-211, had lower
concentration of the dye in the area of trauma 23
hours after the trauma, than control rats [47].

In order to associate these beneficial effects with
the proposed mechanism of action of HU-211,
namely, the blockade of the NMDA-operated
calcium channel, the accumulation of radioactive
Ca2+ in various brain regions was determined
during the 72 h period after CHI. A significant
attenuation of Ca2+ accumulation was indeed
demonstrated [48].

These observations indicate that HU-211 acts by
3 pathways: by inhibition of NMDA receptor
stimulation, by reduction of oxidative damage and
by suppression of TNF production.

These effects could be observed even when the
drug was administered up to 4 hours after CHI. The
beneficial effects obtained after a single dose are
long lasting, and ameliorate impairment of both
cognitive and motor functions following CHI.The effect of HU-211 in experimental animal

models associated with damage mediated by
glutamate was then investigated. In several models
of cerebral ischemia HU-211 caused significant
improvement:

Rats infected with Streptococcus pneumoniae
treated with a combination of cefriaxone and HU-
211 suffered less cerebral edema and impairment of
the BBB, compared to those treated with cefriaxone
alone [49]. These results may be of clinical
relevance since, in spite of recent therapeutic
advances, infections of the CNS still result in high
mortality.

In a model of severe forebrain ischemia in the rat
Belayev et al. demonstrated significantly more
viable neurons in the hippocampus in HU-211-
treated rats than in control rats [43].

Bar-Joseph et al. showed that following 10 min
of bilateral, carotid occlusion in Mongolian gerbils
there was a significantly higher cell survival in the
hippocampal region associated with memory in
animals that received HU-211, than in control
gerbils [44].

Researchers from the U.S. Army Medical
Research Institute of Chemical Defense have found
that rats administered HU-211 60 min after
exposure to a deadly dose of nerve gas, Soman, had
above 87% reduction in brain lesion volume. They
concluded that HU-211 provides considerable
neuroprotection against brain damage produced by
Soman- induced seizures and suggests that it may
be a valuable adjunct to current therapeutic
regiments [50].

Recently Leker et al. investigated experimental
focal cerebral ischemia in permanent middle
cerebral artery occlusion, a clinically-relevant model.
HU-211 significantly decreased infarct volumes and
lowered TNFα levels [45].

HU-211: DRUG DEVELOPMENT
Shohami et al. have investigated the potential

therapeutic efficacy of HU-211 in a closed head
injury (CHI) model in rats. In this model a weight-
drop device is used to induce CHI in male rats.

A 14 day toxicological study of HU-211 in 2
animal species has been completed. Very low
toxicity was found. In humans, in Phase I clinical
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trials, no side effects were observed up to a dose of
200 mg [51].

receptors are present in the periphery, compounds
that act on both types of receptors cannot give an
answer to the basic question of the differential
activity of these receptors. Several groups have tried
to obtain CB2 specific agonists and antagonists. An
important step in this direction was made when it
was found that the free phenolic group, which is a
prerequisit for CB1 activity, is not needed for CB2
stimulation [55]. The cannabinoid compound with
the highest specific CB2 agonist activity is LY-
759656. Its phenolic group is blocked as a methyl
ether. Even compounds which completely lack the
phenolic group have been shown to possess specific
CB2 action [56]. However in compounds of this
type the CB1 to CB2 activity ratio was not very high,
contrary to that of LY-759656 where the ratio was
very impressive indeed. Unfortunately very little
pharmacological work has been reported with these
compounds.

A Phase II double blind clinical trial (67 patients)
in severe head trauma undertaken in 6 major
hospitals in Israel has been completed. Elevations of
intracranial pressure above a threshold of 20 or 25
mmgHg were significantly attenuated in HU-211
treated patients, without reduction in systolic blood
pressure. Reduction of cerebral perfusion pressure
was also significantly attenuated by the drug [52].
These results should make possible a Phase III
clinical trial for head trauma. In view of the positive
results of the phase II clinical trial, parallel work
with stroke patients may be expected.

HU-308

Most of the research on cannabinoids, including
the endocannabinoids, has been on effects
presumably mediated by stimulation of the CB1
receptor. We have learned much on CNS effects
mediated via CB1, such as coordination of
movement, memory, sleep etc. However, it has long
been known that cannabinoids affect the immune
system [53] and in the last few years numerous
papers have appeared on the peripheral effects of
cannabinoids [54]. As both CB1 and CB2

We tried to find a cannabinoid which binds
specifically to CB2 and to look at its
pharmacological effects. We synthesized HU-308,
which belongs to the (+) series of cannabinoids,
like HU-211 described above [57]. This compound
was synthesized according to Fig 4. It is a highly
crystalline compound, m.p. 50oC, [α]D +127o. This
compound does not bind to CB1 (Ki > 10 uM)
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Fig.  (4) . Synthesis of HU-308.
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but binds well to the CB2 receptor (Ki 22.7 nM). In
CB2 transfected cells HU-308 inhibited forskolin
stimulated cyclic AMP production (mean EC50
value of 5.57 nM) while its inhibition in CB1
transfected cells was poor. These data indicate that
HU-308 interacts more readily with CB2 than with
CB1 receptors. These differences in binding and in
inhibition of cyclic AMP production were reflected
in the results of the pharmacological assays. Thus,
in a tetrad of tests which are considered to be
specific for cannabinoid activity – activity in an
open field trial, catalepsy, reduction of body
temperature and centrally mediated analgesia – HU-
308 showed no activity. However in several tests
which are not mediated by CB1, considerable
activity was noted. Thus in an antiinflammatory
model – arachidonic acid induced ear swelling - we
found that HU-308 had significant effects [57].

hand, but they may indicate that several sub-types of
the CB2 receptors exist, with HU-308 and Win-
55212-2 acting on different sub-types.

We also observed antinociceptive activity
produced by HU-308 [57]. We found that pain
produced in the paw of mice injected with formalin
could be ameliorated by HU-308 and that this
analgesic action could be blocked by the CB2
antagonist. This observation strengthens previous
reports that peripheral pain can be attenuated with
anandamide [54,65]. It is also of interest that
Zimmer et al. have found that there is a residual
analgesic effect of THC in CB1 knockout mice,
probably indicating that THC may act, in part at
least, through CB2 or a CB2-like receptor [66].

The above described effects of HU-308, a
specific CB2 agonist, may open the door for the
development of cannabinoid drugs acting on CB2
alone, thus producing no undesirable CNS effects.
It is quite possible that some diseases associated
with the immune system may be affected by CB2
agonists such as HU-308.

Inhibition of gastrointestinal activity has been
observed after administration of ∆9-THC as well as
of anandamide [58,59]. This effect has been
assumed to be CB1 mediated because the CB1
antagonist SR 141716A blocked the effect [60].
Results with HU-308 indicate that this effect, in
part, is mediated by CB2. Indeed we were able to
partially block the inhibition of gastrointestinal
activity of HU-308 with the specific CB2 antagonist
SR 144528 [57].

APPETITE

One of the symptoms of AIDS is loss of weight,
and some patients smoke marijuana as it is an
appetite stimulant. Several clinical studies have
given support to this use. In one such study the
effects of THC (commercial name dronabinol) on
appetite, weight, nausea and mood were examined in
139 AIDS patients over a six-week period [67].
After 4 weeks the weight was stable in the treated
patients, but was lower in the placebo recipients.
The data indicated that dronabinol caused increased
appetite in a significant number of patients. The
authors of this study concluded that “by improving
appetite and mood, decreasing nausea and
stabilizing weight, dronabinol may significantly
improve the quality of life of patients infected with
HIV.”

A further, unexpected, effect was the
cardiovascular activity of HU-308. It has been
shown that activation of peripheral CB1 receptors
contributes to hemorrhagic and endotoxin reduced
activity [61]. Anandamide and 2-AG are produced
by macrophages and platelets respectively and it has
been shown that these endocannabinoids mediate
the above effect. Indeed hypotension in
hemorrhaged rats was prevented by the CB1
antagonist SR 141716A. In more recent work it was
shown that mesenteric vasodilation by anandamide
actually has two components, one of which is
mediated by an antagonist-sensitive non-CB1
receptor, located on the endothelium, and the other
by an SR 141716A resistant action on vascular
smooth muscle [62]. We have reported that 2-AG
production from rat aorta is stimulated by an
acetylcholine receptor agonist [63]. This complex
picture is further complicated by our observation
that HU-308 reduces blood pressure in rats and that
this cardiovascular effect is blocked by the CB2
antagonist but not by the CB1 antagonist [57].
These observations contrast to results obtained with
CB1 knockout mice in which Win-55212-2, a
cannabinoid with potent CB1 and CB2 activity,
causes no hypotension [64]. It is difficult to
reconcile these observations with the data in

The physiological and biochemical basis of the
appetite stimulation by THC is unknown. Several
groups have looked into the effect of anandamide
on appetite. Williams and Kirkham [68] reported
that anandamide (0.5-10 mg/kg) increased food
intake during a 3 hour feeding period and that this
effect was blocked by the CB1 antagonist SR-
141716A. Using a different protocol (female rats
under conditions of diet restriction) [69] studied the
effect of very low dose anandamide (0.001 mg/kg)
administration on food intake. Anandamide-treated
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mice consumed 44% more food during one week of
2.5 hours feeding each day.

working in the same laboratory, we wouldn’t have
succeeded in this long term project.

Di Marzo et al., reported recently that
endocannabinoids are present in milk, with 2-AG
found in human milk in higher concentration (0.33
+ 0.1 ug ml-1) than anandamide [70]. It was also
shown that 2-AG on oral administration may reach,
in part at least, the central nervous system [70].
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