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Cannabis (marijuana) isamong the most widely
used of all psychoactivedrugs. Despitethefact that
its possession and useisillegal in most countries,
cannabisisused regularly by asmany as25 million
peoplein North Americaand Europeand by millions
more in other parts of the world. There has been
renewed interest in the potential medical uses of
cannabis(Cannabissativa) inrecent years, with voters
insevera areasof Canadastrongly supportingsucha
move. Opinion pollssuggest smilarly strong popular
support for thereintroduction of medical cannabisin
the USA, the UK, and many European countries.
Expert reviewsof medica and scientific evidenceon
thistopic carried out on both sides of theAtlanticin
the past few years have encouraged further clinical
and scientific research 3. Thispaper seekstogivea
brief review of the scientific facts, ranging from the
botany of the cannabis plant and the biochemistry of
thereceptorsit binds, to the potential usesof the plant
for medicinal purposes.

The Plant

Cannabisisoneof the very oldest of economic
plants, providing fiber, edible seed, and drug resin.
Theplant likely originated in Central Asaor near the
Altal or the Tian Shanmountains. It wasfirgt cultivated
in China, followed shortly by cultivationin India®.
Human sdlectionfor varioususesand natura sdlection
pressuresimposed by diverseclimateshasresulted in
a wide variety of growth forms and chemical
compogtions. Innovativecassica breeding techniques
have been used toimprovedrug cannabis, resultingin
many cannabinoid-rich cultivarssuitablefor medical
use. The production of cannabinoidsis unique to
Cannabis, and cultivarswith specific chemicd profiles
are being developed for diverse potential

pharmaceutical uses. Cannabisisan annual plant,
propagated from seed or vegetative cuttings, and it
growsvigoroudly in open sunny environmentsaspart
of itsnaturd lifecycle. Inlight, well-drained soil with
amplenutrientsand water, theplant will reechupto 5
metresin heightinafour- to Sx-month growth season.
Feral Cannabispopulationsarefrequently foundin
associaionwith human habitation. Agricultura lands,
roadsides, exposed riverbanks, meadows, and
disturbed landsareideal habitatsfor wild and feral
Cannabis, asthey provide adequate sunlight 4.

Seedsusually germinatein threeto seven days.
During thefirg twotothreemonthsof growth, juvenile
plants respond to increasing day length with more
vigorousvegetaivegrowth and new leaf development.
L ater in the season (after the summer solstice), shorter
days(actualy, longer nights, if you consider how the
photoperiodic effect ismonitored) induceflowering
and completethelifecycle. Cannabisbeginstoflower
when exposed to short day lengthsof 12 to 14 hours
or less (long nights of 10 to 12 hours or more)
depending onitslatitudeof origin. However, asingle
evening of interrupted darkness can disrupt flowering
and delay maturation. If anindividual plantisnot
crowded by its neighbours, asin the case of crops
intended for seed or drug production, flower-bearing
limbswill grow from small budslocated at the base of
thelesf petiolesoriginating fromnodesaongthemain
stalk 4.

Cannabisisnormaly adioeciousplant, withmae
andfemdeflowersdeveloping on separateplants. The
sexesof Cannabisareanatomically indistinguishable
until they begin flowering. However, Mandolinoand
Randli report successusing RAPD andysistoidentify
male-specific DNA markers, to separate out thetwo
sexes before fertilization can occur ®>. The
development of maleand femdeplantsvariesgrestly.
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The male flowers hang in loose clusters along a
relatively leaflessupright branch. Incontrast, the
femaleplant hasvery crowded clustersof individual
flowersat the base of each leaf dlongabranch. Male
Cannabisflowersrequireair currentsto carry pollen
grainstothefemdeflowers whichresultsinfertilization
and subsequent formation. The male plantsfinish
shedding pollen and diebeforethe seedsinthefemae
plantsripen 4-8weeksafter beingfertilized. Thesingle
seed in each female flower ripensin 3-8 weeks and
will either be harvested by humans, eaten by birdsor
rodents, or it will droptotheground. A largefemale
plant can produce over onekilogram of seed. This
completesthe natural four to six monthlifecycle. If
birdsor rodentsdo not consume the seeds, they may
germinatethefollowing spring. Cannabisseedsare
abalanced source of essential fatty acids, and easily
digestible protein. They are usableashuman food or
animal feed. Theseessentid fatty acidshaveadsobeen
shownto have many important physiologica rolesand
hemp seed il isaval uable nutraceutical 6.

Much of the Cannabispresently used for medical
purposesisgrownindoorsunder artificid lights. Metd
halideand sodium vapour light sysemsaremost often
set up in attics, bedrooms, or basements. Most
modern indoor growers produce vegetatively
propagated crops, meaning they are grown from
cuttingsrather than form seeds. Only female drug
Cannabisplantsareeconomicdly vauableand garden
spaceisoftenlimited. Inaddition, thelegal systems
of many nationspenalize growersof large quantities
of cannabiswith harsher pendties. Therefore, under
artificial growing conditions, crops are reproduced
vegetatively by planting root cuttingsof only female
plants, or by transplanting and inducing flowering
amostimmediately. Cuttingstakenfromoneplant are
genetically identical copiesof asingle plant andthey
should al respondinthe sameway to environmental
inputs. Given that environmental influences are
congtant, thecloneswill yield auniform crop of nearly
identical seedlessfemales. Under ideal conditions,
yieldsof dried floral clusterscan reach 1,200 grams
per square meter per year if threeto five cropsare
grown per year 4,

Thepsychoactivecomponent of cannabis, D°-THC
(D°-tetrahydrocannabinal), isproducedinresinglands
that adorn the surface of Cannabisleaves. When

resin gland development commences, themedically
important cannabinoids and the associated aromatic
terpenoidsbeginto gppear. Solitary resnglandsmost
oftenformat thetipsof dender stalkswhichformas
extensonsof theplant surface. Thecluster of one- or
two-dozen head cellsatop each stalk secretearomatic
terpenoid-containing resnwithavery high percentage
of cannabinoids (> 80%), which collectsunder athin
waxy membrane surrounding the secretory head cells
. The secreted resin component is, in large part,
segregated fromthe secretory cells. Thisisolatesthe
resnfromtheamosphereaswell asmembrane-bound
enzyme systemswithin the secretory cells, possibly
protecting the terpenoids and cannabinoids from
oxidative degradation and enzymatic change. Resin
glands contai ning cannabinoidsand terpenoids may
have an adaptive significancefor the Cannabisplant
asdefenseagaing environmenta challenges, including
insect attack or drought 8. However, Cannabiscrops
aredill subjecttoinfestation by awidevariety of pests,
particularly under greenhouse or grow-operation
conditions. Theintoxicating effects of thisCannabis
resin haveincreased cannabisconsumption by humans,
as well as encouraged its domestication, thus
dramaticaly widening thedistribution of the plant.

Cannabinoid Receptor System

Because psychotropic cannabinoidshavehighlipid
solubility and low water solubility, they werelong
thought to owetheir pharmacol ogical propertiesto
an ability to perturb the phospholipids constituents of
biologica membranes. Althoughthismodeof action
cannot be excluded altogether, itisnow clear that for
many of the effectsof cannabinoids, the predominant
underlying mechanismisfar morespecific. Itisnow
known that cannabinoidsact through receptors. CB1
receptors (cloned in 1990), and CB2 receptors
(clonedin1993) °. Both of thesereceptor typesare
coupled through G proteins, negatively to adenylate
cyclaseand positively to mitogen-activated protein
kinase. In addition, CB1 receptors are coupled to
ion channe sthrough G proteins, negatively tocacium
channelsand positively to potassium channels. CB1
receptors al so mobilize arachidonic acid and close
receptor ion channels™,
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CB1 receptors are found in particularly high
concentrations within the central nervous system
(CNS). However, they are also present in certain
peripheral organsandtissues. Theseincludesome
neurons and endocrine glands, leukocytes, spleen,
heart, and parts of the reproductive, urinary, and
gastrointestinal tracts®. Some CB1 receptors are
located at central and peripherd nerveterminaswhere
they probably modul ate neurotransmitter releasewhen
activated. Although the concentration of CB1
receptorsisconsderably lessin peripherd tissuesthan
inthe central nervous system, thisdoesnot imply that
peripheral CB1 receptorsare not important. Some
periphera tissuesmay contain high concentrationsof
CB1receptors, localized in discreteregionssuch as
nerveterminalsthat formonly asmall part of thetotal
tissuemass.

Withinthe CNS, thedistribution pattern of CB1
receptors is heterogeneous and can account for
severd prominent pharmacologica propertiesof CB1
receptor agonists (achemica that can combinewitha
receptor on acell to produce aphysiologic reaction
typical of a naturally occurring substance). For

example, evidence showsthat the cerebral cortex,
hippocampus, and basal ganglia(areas of thebrain
involvedinlearning andthinking) arerichly popul ated
with CB1 receptorsand that these receptorsmediate
thewd I-documented ability of CB1 receptor agonists
toimpair cognition and memory and to alter motor
function®. CB1 receptor agonistsarea so analgesic,
andinlinewiththisproperty, thereisevidencefor the
presence of CB1 receptors in several areas of the
CNSthat mediate the perception of pain .

CB2 receptorsareexpressed primarily by immune
tissues, for exampleleukocytes, spleen and tonsils®.
More mRNA for CB2 than CB1 receptorsexistsin
theimmune system, and thelevel of CB2 mRNA in
human tonsilsmatchesthat of CB1 mRNA in human
cerebdlum. Levelsof CB1and CB2mRNA inhuman
immune cellshave been shownto vary with cell type
11 CB2 mRNA has not been detected on neuronal
tissuefrom humanor rat brain. IncontrasttotheCB1
receptor, the physiological rolesof CB2 receptorsare
proving very difficult to determine.

The discovery of cannabinoid receptors was
followedin 1992 by thedemongtration of theexistence
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of endogenous cannabinoid receptor agonists’?. The
most important of these are arachidonylethanolamide
(anandamide) and 2-arachidonylglyceral (2-AG), and
thereisevidencethat both of these compoundscan
serveasneuromodul atorsor neurotransmitters. This
belief comes from demonstrations that they are
synthesized by neurons, that they can undergo
depolarization-induced rel ease from neuronsand that
once released they are rapidly removed from the
extracdlular space™®. For anandamide, suchremoval
occurswhen neuronstake the chemical upintothe
cdl fromtheextracdlular space. Oncewithinthecell,
anandamide is presumably degraded to smaller
signaling compoundsthat will elicit aphysiological
effect. Cannabinoid receptorsand their endogenous
ligandstogether congtitutewhat isnow oftenreferred
to as*the endogenous cannabinoid system.” Current
researchisexploringtheroleof theendogenoussystem
inthe human body. Hypothesized functions, based
on thelocation wherethe cannabinoid receptorsare
found, involve learning, memory, appetite,
reproduction, andimmunity. Muchmorework remains
tobedoneinthisrapidly expandingfield.

Medicinal History

Oneof thefirst cropsto be cultivated by mankind,
cannabisuseisasold asagriculture. First grown for
itsfibres, theancient Chinese used it to makerope,
cloth and even paper. One of the world’s first
pharmacy books, the Pen Ts ao, published in China
around 2800 BC, recommends hemp as aremedy
for just about everything- including, ironicaly, absent-
mindedness. The earliest references to its
psychoactive properties appear intheAtharva-Veda,
asacred Indian text dating back to 2000 BC %3,

It was probably the Scythians, a barbaric tribe
from the Caucasus, who introduced the plant to
Europe. The Greek traveler Herodotus (circa 500
BC) wroteof the Scythwarriors purifying themselves
in steam bathsfilled with smokefrom burning hemp
seeds.” They make a booth by fixing in the ground
three sticks inclined toward one another, and
stretching around them woolen pelts which they
arrangeso astofit ascloseaspossible: insidethe
booth a dish is placed upon the ground into which
they put a number of red-hot stones and then add
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some hemp... immediately it smokes and gives out
such a vapour that no Greek steam bath can
surpassit... the Scythshowl with pleasure at these
baths.” Herodotus claimswererecently born out by
archaeological finds of tripods, braziersand hemp
seedsinfrozen Scythiantombsin central Asia®.

The Greeksand Romans cultivated hemp for its
fibres, seeds, and medicinal applications, although
thereareafew referencestoitsuseasasocid lubricant
at banquets “to promote hilarity and enjoyment”.
Throughout the MiddleAgesand into the Elizabethan
era, hempwasgrownin Europeandin Britain, where
it fulfilled the massive demand of the British Navy.
Whilethe therapeutic properties of cannabiswere
being al but ignored by the Europeans, inIndia, entire
systems of medicinewere being built up around it.
Theherb’sintoxicating effect wasvery closdy tied to
its medicinal use. Because of its psychoactive
propertiesit wasprized morethan ordinary medicines.
It wasprescribed for avariety of allments, including
headaches, mania, insomnia, rheumatism, menstrual
painand tuberculosis®.

W.B. O’ Shaughnessy, asurgeon with the British
East IndiaCompany, and professor at the University
of Calcutta, introduced cannabisto modern Western
medicine. In 1839, after investigating itsuseinIndia
and validating many of itsapplications, hedocumented
its properties as an analgesic in the treatment of
rheumatism, and asaremedy for severeconvulsons.
His contemporary, Jean Joseph Moreau de Tours, a
French psychologist, proposed using cannabisasa
meansto treat mental illness. Interestin cannabisasa
medi cine spread from Europeto America, and very
quickly preparations of cannabis became widely
available. The famous physician Sir John Russell
Reynoldsprescribedit to Queen Victoriafor menstrud
cramps. Needlessto say, itsintoxicating naturedidn’t
remain asecret for very long, and many artistsand
intellectualsof thetimereadily embraced it 2.

Until the early twentieth century, cannabiswaslegal
and found common use as an everyday medicine.
Doubtsabout the drug began to surfacewhen, at the
Second Annual Opiates Conference in 1924, an
Egyptian representative complained that workers
preferred to lie around smoking hashish than do
anything congtructive. In 1925, the Dangerous Drugs
Act became law, and non-medicinal cannabiswas
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madeillegal in Britain. Canadafollowed suit and
banned dl formsof cannabisin 1927. Finaly, in 1937,
with 28 cannabis pharmaceuticalson the American
market, the US government effectively criminalized
cannabishy passingtheMarihuanaTax SampAct &,

Modern Medicinal Applications

Therecently revivedinterestin the medical usesof
cannabisaroseat least partly formits popularity asa
recreational druginthe 1960sand 70s. Anecdotal
reportsfromyoung cancer patientswho used cannabis
reported that it relieved thenauseaand vomiting caused
by chemotherapy trestments. Modern chemistry aso
brought about increased interest inthe use of at least
one of the constituents of cannabis, whenGoani and
Mechoulamisolated and synthesized D°-THCin 1964
14, Thismadetheclinical testing of D°-THC during
the 1970sand 80spossible, and eventually resulted
intheofficia gpprova and marketing of thecompound
asaprescriptiondrug. Thechemical synthesisof D%-
THC also made possiblethe synthesisand clinical
testing of an entirely new class of pharmaceutical
compounds, the synthetic cannabinoids.

Dronabinol isanother namefor the synthetically
manufactured (-)-trans-isomer of D°-THC, whichis
often mentioned in amedical context in scientific
literature. Marinol is a trademarked dronabinol
preparation dissolvedin sesameoil incapsules. Itisa
registered trademark of Unimed Pharmaceuticals, Inc.
It isavailable in Canada, the USA, and the UK 5,
However, dronabinol hasardatively highincidence
of sideeffects, particularly anxiety and depression.
Nabiloneisasynthetic derivative of D>-THC witha
dightly modified molecular structure. Withregardto
pharmacological activity, 1 mg of nabilone
corresponds to about 10 mg of dronabinal. Itisa
registered trademark of Eli Lilly & Co., and marketed
under the name Cesamet. It is on the market in
Canada and the UK, and some other European
countries®. ThePfizer compound levonantradol was
testedinseverd clinicd trid sduring the early 1980s.
It proved to be considerably more potent than
morphineasananagesic, and waseffectiveinblocking
nauseaand vomiting in patients undergoing cancer
chemotherapy. Nevertheless, the psychoactiveside
effects proved to be unacceptable and the company

decided to abandon further research on this project
16, Other synthetic cannabinoidshave been deve oped
with applications relating to research, due to
undesirablesideeffects. Research continuesinto the
development of synthetic cannabinoids that can
provide therapeutic benefits while minimizing the
medically undesirable psychoactive sdeeffects.
Cannabispreparationsand synthetic cannabinoids
have been employed in the treatment of numerous
diseases, with marked differencesin the available
supporting data. For applicationssuch asnauseaand
vomiting associated with cancer chemotherapy,
anorexiaand cachexiain HIV/AIDS, and spasticity
in multiplesclerosisand spinal cord injury, thereis
strong evidencefor medical benefits. Forindications
such as epilepsy, movement disorders, and
depression, much lessdataisavailable. However,
thehigtory of clinica useof cannabisand cannabinoids
has demonstrated that the scientific evidencefor a
specificindication doesnotimplicitly reflect theactud
therapeutic potential for agiven disease. Clinical
studieswith singlecannabinoids (likedronabinal), or,
less often, with whol e plant preparations (smoked
cannabisor cannabisextract), haveoften beeningpired
by positive anecdotal experiences of patients
employing crude cannabis (often illegally). The
antiemetic properties, appetite enhancing effects,
relaxing effects, and therapeutic use in Tourette's
syndromewereall discovered (or rediscovered) this

way.
Movement and spasticity disorders

In small clinical trials of THC (dronabinal),
nabilone, and smoked cannabis, abeneficia effect on
gpasticity caused by multiple sclerosisor spina cord
injury hasbeen observed . Among other positively
influenced symptomswerepain, paraesthesia(tingling
skin), tremor, and ataxia(uncoordinated movement).
In folk medicinethere are also report of improved
bowel and bladder control. Someanecdotal evidence
for the benefitsof marijuanain spadticity dueto centra
lesionsalsoexists®e.

There are some positive anecdotal reports of
therapeutic response to cannabis in Tourette's
syndrome, dystonia(‘ frozen’ muscles), and tardive
dyskinesia(jerky, flailing movement). Theuseof the
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drugintreating Tourette' ssyndromeiscurrently being
investigated in clinical studies. Many patients
experience amodest improvement; however, some
show a considerable response or even complete
symptom control. Cannabidiol, another natural
cannabinoid found in Cannabis, produced a 20 to
50 percent improvement in five patientswith dystonia.
InMultiple Sclerosispatients, improvementsto ataxia
and reduction of tremor have been observed following
the administration of THC *°. Despite occasional
positive anecdotal reports, no objective successhas
been found in Parkinson’sor Huntington'sdiseases.

AIDS

In addition to amountain of anecdotal patient-
reported evidence, the gppetite-enhancing and nausea
suppressing effectsof THC havea so been observed
inclinical trials. Inalong-term study of 94 AIDS
patients, the appetite-stimulating effect of THC
continued for months (18). Patientstendedtoretain
astablebody weight over the course of seven months,
instead of succumbing to the wasting syndrome
associated with AIDS. However, the slow onset of
actionof ord THC, anditshigh cost and highincidence
of Sdeeffects, resultinmany patientspreferring herba
cannabis. In addition, some people report better
symptom control with cannabisrather than dronabinal,
which may berelated to the additional cannabinoids,
suchascannabidiol, that arefound in natural cannabis
but not in dronabinol. Unfortunately, the potential
respiratory damageresulting fromsmokeinhaationis
at oddswith thereduced efficacy of theAIDS patient
Immune system. Harm reduction research indicates
that heating cannabis to temperatures well below
combustion (“vapourization”) yields active
cannabinoidswithasgnificant reductionor dimination
of thetoxic compoundscommonly found in cannabis
smoke. Moreresearchisrequired but vapourizers
gopear tosubstantidly reducewhat iswidely perceived
astheleading health risk of cannabis?®.

Cancer
Cannabis can act an appetite stimulant, and

“generaly improvesthequality of life” of terminal
cancer patientsby helpingwith pain, nausea, vomiting,

and | oss of appetite associated with chemotherapy?.
Treatment of pain and of the side effects associated
with chemotherapy is the medical indication for
cannabinoids that has been most frequently
documented. About 40 studies involving THC
(dronabinol, nabilone, other THC anal ogues, smoked
cannabis) have been performed. Most trialswere
conductedinthe 1980s. Oral THC hastobegivenin
high and frequent doses, thereforeresultant sdeeffects
may occur morefrequently than with other drugs.

Pain

Few dinical sudiesof cannabinoids effectsonpan
exist. Intwotrias, oral THC proved to be effective
against cancer pain. However, some patients
experienced intolerable sdeeffects. Inasingle-case
double-blind study apatient with recurring pain clearly
reduced hisneed for opiateswhilereceiving THCin
comparisonto placebo 8. According to reportsfrom
pain therapists, the use of opiates and cannabis
concurrently appearsto be promising, particularly
since cannabisdoes not causerespiratory depression
(asopiatescan). Cannabishasbeen used successfully
inmodernfolk medicinetotreat amultitude of painful
conditions, such as migraine and other forms of
headache, musculoskeletal disorders, arthritis,
rheumatism, ulcers, Crohn’sdisease, and menstrual

pan.
M edical Possibilities

Cannabis-based medicines have been used for
thousandsof yearsinAsia, and were popular for 100
yearsin Western medicine after their introductionin
themid-nineteenth century. They fdl out of uselargdy
because of thedifficultiesthat physciansencountered
in obtaining consistent resultsfrom batches of plant
materia of varying potency. Patientsconsequently
suffered from elther treetment with anineffectivedose
or the unwanted i ntoxicating effects of an overdose
that could last for many hours. Moderntechniquesof
plant breeding and cultivation have undoubtedly solved
the problem of quality control in the use of herbal
cannabis as a medicine, but the issue of a narrow
therapeutic window between the desired benefitsand
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theusually unwanted psychoactive effectsremainsa
chdlenge.

Many scientists would argue that modern
medicinesshould besinglechemica entitieswherever
possible, rather than complex mixtures of plant
constituents. Proponentsof herbal cannabis assert
that the plant material hasadvantagesover the pure
cannabinoid D°-THC. This argument is often
confused, however, by thefact that herbal cannabisis
usually smoked whereas THC istaken orally. The
ord routefor THC isnotorioudy dow and unreliable,
whereassmoking isavery efficient way of delivering
thedrug quickly and inamanner that allowsflexible
dose control 8, Smoking, however, carriesmedical
risks. Intheshort term, theirritant effectsof cannabis
smoke canlead to bronchitis. Inthelong term, there
isthe potential for increased risk of cancersof the
lung, airways, and mouth. Although the cancer risk
cannot beaccurately quantified asyet, it may beone
of the most serious potential dangersof cannabis?®.
Better methodsfor delivering both herbal cannabis
and pure THC are urgently needed; perhaps
vapourization will proveto be an effectiveand safe
mode of administration. Although there have been
suggestions that cannabis has adverse long-term
effectson pregnancy, theimmune system, fertility, and
cognition, theavailable evidence suggeststhat these
arefar lessseverethan originaly thought .

The 1990s witnessed major advances in our
scientific understanding of how THC and other
cannabinoidsact onthe central nervoussystem. The
discovery that the brain and other organs contain
specific protein receptorsthat recogni zethedrug and
trigger cell responsesisanalogoustothediscovery in
the early 1970s of opiate receptorsin the brain that
bind morphineand other opiates. Aswiththeopiates,
the discovery of specific cannabinoid receptors
prompted the search for putative naturally occurring
chemicalsthat interact with thereceptors. Thisledto
thediscovery of anandamideasthefirg of thenaturaly
occurring endogenous cannabinoids. Although
anandamidebelongsto anentirely different chemical
classthan THC, it isbound by the same receptors.
These discoveries shed entirely new light on the
pharmacol ogy of cannabis. Exploration of synthetic
anandamide-likechemicalsmay beoneway to obtain
improved cannabinoid-based medicines. Thepace

of discovery hasbeen sorapidinrecent yearsthat it
would not be unreasonabl e to anticipate that more
members of the cannabinoid receptor family and
additiona endogenous cannabinoid substances may
yet bediscoveredinthefuture. This, inturn, could
lead to new therapeutic opportunities, perhaps
involving anumber of natural cannabinoidsthat do
not bind known cannabinoid receptorsbut nevertheless
have someimportant pharmacol ogical effects.

When cannabismedicinesdisappeared over haf a
century ago, thiswasnot perceived in most medical
circlesasamagjor redtriction of thetherapeuticarsend.
However, the situation today issomewhat different.
Modern cannabisresearch and traditiona usagesaong
with modern anecdotal reportsindicatethat cannabis
may be the drug of choicefor certain patients and
conditions. The future will demonstrate whether
cannabisinamedicina context must forever remaina
subject for historians.
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