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1. AN INTRODUCTION TO THE CANNABIS PLANT

Almost no plant has been studied as much as the Cannabis plant (Cannabis sativa L.); more
than 10.000 papers have been published descﬁbing various aspects of Cannabis as a
biologically active plant. Nonetheless, it is hard to think of a medical topic that can so
strongly divide the research community as the medicinal use of Cannabis. It may even be
stated that Cannabis is the most controversial plant in the history of mankind. But imagine
Cannabis sativa wé:uld be discovered today, growing in some remote spot of the world, it
would be hailed as a wonder of nature; a new miracle plant with the potential to treat anything
ranging from headaches to neurological disorders to cancer. Still, the potential of Cannabis
was largely ignored until the discovery of the human endocannabinoid system, about a decade
| ago; Nowadays it is known that many of our own body functions are controlled by Cannabis-
like substances in our brain, immune system and other organs.
But Cannabis planté are interesting fo human society in more ways. As a fiber plant, Cannabis
produces some of ihe best and most durable fibers of natural origin, historically used to
produce ropes and; sails for sea-ships, paper, banknotes and even the first Levi’s jeans.
Modern application§ include dashboards for exclusive cars and insulation for houses. The oil
of the hempseed was found to be well balanced in regards to the ratio of omega-3 and -6 fatty
acids for human nutrition, and ca:i. be used as a sustainable alternative to fish-oil. Furthermore,
the oil is ideal as an.ingredient for body oils and lipid-enriched creams.
The medicinal use of Cannabis has a very long history. However, the availability of
alternative treatmeﬁts, absence of quality control, and sociopolitical pressure led to a decline
in the medical use 6f Cannabis by the beginning of the 20" century. As a result, in the last
decades its medicinal potential continues to be disputed. But despite its illegality, people have
continued to obtain Cannabis on the black market for self medication.
At least one bioac;ﬁvity of Cannabis is undisputed: the psycho-active effect of delta-9-
tetrahydrocannabinol, usually abbreviated as THC, is one of the best studied biological
activities in the wof’rld. As a result, the attention has shifted from the Cannabis plant as a
whole, to its main psycho-active component. Interestingly, THC, a terpenophenolic
compound, contains no nitrogen atom and therefore is not an alkaloid, which is rare amongst
the psychotmpicali)fz active compounds. Furthermore, therapeutically used THC is among the
most non-polar corr;pounds used in medicine today. Chemically, THC belongs to a group of

closely related compounds known as cannabinoids, and they are considered the main




bioactive components of Cannabis. Up to date, already 70 different cannabinoids have been

described several of which were found to be bioactive in one or more ways.

Cannabis has the potential to evolve into useful and much needed new medrcmes but this is

seriowsly obstructed by its classification as a dangerous narcotic. But as stiown i in the case of

the poppy plant (Papaver somniferum) and the opiates derived from it (e.g. morphine,

codeine), the distinction between a dangerous drug of abuse and a medicine can be made by .

proper, unbiased and well conducted research, combined with a rational approach. Relevant
biological activities, as shown by thorough research in the lab, and finally confirmed through
properly conducted clinical ftrials, are the best guarantee for the future of Cannabis as a

medicine. The information presented in this chapter should help researchers of various

disciplines to understand the current scientific status of the Cannabis plant and its constituents.

1.1 The Different Forms of Cannabis

Together with coffee and tobacco, Cannabis is the _mosf commeonly used: psychoactive drug
worldwide, and it is the single most popul'cu' illegal drug. Worldwide over:160 million people
are using Cannabis regularly and these numbers arg stlll rlsmg With such high popular
demand, it is not surprising that Cannabis and its products are known under a large variety of
' names. Some of the most widely used ones are deﬁned here. _

The commonly used term marijuana or marihuana traditionally describes the Cannabis plant
when used as a recreational drug, and is frequontiy associated with the negative effects or
social impact of the drug. Weed is another_nome for Cannabis when used. as a recreational
drug. When the term hemp is used, it usually réfero t_o the use- of Connabis as a source of fiber,
making the term fiber-hemp therefore somewhat's'uperﬂuous ‘Because of the inexact and
unscientific nature of these terms, they wrll not be used in this- chapter Instead, the proper
scientific name Cannabis will be consrstent]y used to describe the plant Cannabzs sativa L. in
all its varieties. o R

When talking about Cannabis for oither recreaﬁonal, medicinal or scientific use, what is
usually referred to are the female flowers (also known .under the Latin name Flos), being the
most potent part of the plant. The dried resin obtained from thesé flowers is generally known
as hash, or hashish, although a large varlety of names exrst throughout the world. This resin is
the source of the most important bloactlve components of the Cannab1s plant, the

cannabinoids, which will be the main focus throughout this chapter.




Finaliy, dronabinolis another name for the naturally occurring (-)-trans-isomer of THC, often

used in a medical context in the scientific and political literature, and adopted by the World
Health Organization.

Figure 1: Cannabis sativa L. A female plant in full bloom. Photo used with permission by Bedrocan
BV, The Netherlands.




1.2 The Botany of Cannabis sativa

The basic material of all Cannabis products is the plant Cannabis sativa L (figure 1). It is an
annual, usually dioecious, more rarely monoecious, wind-pollinated _he_th, with male___and
femnale flowers developing on separate plants. It propagates from seed, gtows vigorously in
open sunny environments with well drained soils, and has an abundant need for nutrients and
water. It can reach up to 5 meters (16 feet) in height in a 4-6 month growing season. However,
in modern breeding and cultivation of recreational Cannabis, the preferred way fo propagate
the plants is by cloning, using cuttings of a so-called mother plant. As this term indicates,
female plants are used for this purpose, as they produce significantly hlgher amounts of
psychoactlve compounds than the male plants. ,

The sexes of Carmabis are anatomlcally mdlstmgulshab]e before they start ﬂowermg, but after
that, the development of male and female plants varies greatly. Shorter days, or more .
accurately longer mghts mduce the plant to start ﬂowermg The female plant then produces
several crowded clusters of mdlvldual ﬂowers (ﬂowertops) a large one at the top of the stem
and several smaller ones on each branch wh11e the male flowers hang in loose clusters alonga
relatlvely leaﬂess upnght branch The maie plants fimsh sheddmg pollen and die before the .
seeds in the female plants rlpen four tc cight weeks aﬁer being fertilized. A large female can
produce over one kilogram of seed. If the seed survives, it may germmate the next spring.
According to current botanical class:ﬁcatlon Cannabis belongs, only with Humulus (hops), to
the small family of Cannabmaceae (also Cannabaceae or Cannab:daceae) 343 ~ Despite this
close relatlonshlp, cannablnmds (see sect1on2 1) can only be found in Cannabzs sativa, In the
genus Humulus, even in grafting experiments between Cannabis and Humulus no
cannabinoids have been found67 but mstead a variety of so-called b1tter—ac1ds such as N
humulone adhumulone and cohumulone are produced The cIose relationship between both
plant spec:es is clearly shown by the fact that the compounds (cannablnmds and bltter-aelds
respectwely) are both derived from similar biosynthetic pathways (sec section 2. 2) ,
Furthermore, both are excreted as a resmous mlxture by g]andular ha1rs mainly found on

female flowers.




The current systematic classification of Cannabis is®

Division " Angiosperms
Class Diéotyledon |
Subclass 'Afchiehlamydeae
‘Order  Urticales
 Family = Cannabinaceae
Genus " Cannabis

‘Species - sativa L.

Because of centuries of breeding and selection, a lafge variation of cultivated varieties {or
cultivars) has been develope'd Already, more than 700 différent culﬁvaré have been deeeribed
* and many more are thought to exist. As 2 result, there has been extenswe discussion about
further botanical and chemotaxonomic classification. So far, several classnﬁcatlons of
Cannabis have beeri proposed. Originally, this was a classification mto Cannabis sativa L., C.
indica Lam. and “C. ruderalis Janisch '®""'2 or Cannabis sativa L. ssp. Sativa and ssp.
Indica. 13,14,15 However it :s becommg commonly accepted that Cannabis is monotypic and
consists only of a smgle spec:es Cannabis sativa, as descr:bed by Leonard Fuchs in 16th
century, /6151819 :
To solve the .oontrov'ersy in a biochemical way, a first chemical classification was done by
Grlic,”® who recognized different ripening stages. Fetterman ef al?' described different
phenotypes' based on quantitative differences in the 'conten't of main cannabinoids and he was
the first to distinguish the drug- and fiber- type. Further extension and perfection of this
approach was Subsequeﬁtly done by Small and Beckstead,?? Turner et al. 23 and Bfenneisen
and Kessler.?* However t was found that a smgle plant could be classified into different
phenotypes dependmg on its age. Although these chemptaxonomic classifications do not
strictly define the contents of main cannabinoids for eaeh chemotype, it does provide a
practical tool for classification. A final validation of Cannabis classification awaits further
chemotaxonomic and genetic research. '
For forensic and legislative purposes, the most important classification of Cannabis types is
that into the ﬁber—tj?pe and the drug-type. The main difference between these two is found in
the content of the psychotropically active component A9-tetrahydrocannabinol (THC), and its
acidic precursor tetrahydrocannabinolic acid (THCA, see section 2.2): a high content of

THC+THCA classifies as drug-type Cannabis, while a low THC+THCA content (below 0.2 -




0.3% of dry weight) is found in fiber-type Cannabis. All Cannabis varieties presently used for
medicinal purposes bel.ong to the drug-type, because of their.high content of the biologically
active THC. But aithough fiber-type Cannabis is currently not used:i for medicinal or
recreational purpose, it does contain components that have been fonnd to be biologically
active, most notably the cannabinoid cannabldlol (CBD). This indicates that the distinction

between the two types may have limited relevance for medicinal research mto Cannabis.
1.3 A Short History of Cannabis

Cannabis most likely originates from Central Asia, as archeological evrdence indicates it was
cultivated in China for food and fi ber already 10.000 years ago. Even m ancient Egyptlan
mummres clues have been found for the use of Cannabis as food or medlcme 2 In fact,
Cannabls is one of the oldest known medicinal plants and is described i in almost every ancient
handbock on plant rnedlcme most commonly in the form of a tincture or a tea.%*’ Some
religions were closely related with the properties of the Cannabis plant. For example, in
Hindulegend Cannabis is believed to be.the favorite food of the god Shiva, because of its
energizing properties. As Cannabis spread from Asia towards the West, almost every culture
came into contact with this miracle plant ‘Nowadays, varietics of Cannabis-can be found in all
temperate and tropical zones, except in humid, tropical rainforests. : '
Despite the fact that Cannabis was grown on a large scale in many countries, the abuse as a
narcotic remained uncommon in Western countries until relatively recently. People were
targely unaware of the psychoactive properties of Cannabis and it is unlikely that early
cultivars, selected mainly for their seed or fiber qualities, contained signiﬁcant amounts of the
psychoactive THC. The medicinal use of Cannabis was only introduced in Europe around
1840, by a young Irish doctor, Willlam O’Shaughnessy, who served for the East India Tradmg
Company in India, where the medlomal usc of Cannabis was widespread. Unlike the
European fiber Cannabis, these Indian varieties did contain a reasonable amount of bioactive
cannabinoids. In the following decades the medicinal use of Cannabis knew a short period of
popularity both in Europe and the United States. At the top of its popularity, more than 28
different medicinal preparations were available with Cannabis as'activef ingredient, which
were recommended for indications as various as menstrual cramps, asthma, cough, insomnia,
support of birth labor, migraine, throat infection and withdrawal from opium use.?’

However, because no tools existed for quality confrol it was impossible to prepare a.

standardized medicine, so patients often received a dose that was either too low, having no
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effect, or too high, resulting in serious side effects. Moreover, Cannabis extract was not
water-soluble and could therefore not be injected (in contrast to e.g. the dpiates), while oral
administration was found to be unreliable because of its slow and erratic absorption. Because
of such drawbacks the medicinal use of Cannabis increasingly disappeéred in the beginning of
the twentieth century, and in 1937 Cannabis was removed from the US pharmacopoeia, é
move that was followed by most other Western countries.2” Isolation and structure elucidation
of the first pure acti_ve substances from Cannabis was not achieved until the 1960s.%°

Only since the ﬂov:ver-power—time of the 1960s, the smoking of Cannabis as a recreational
drug has become a widely known phenomenon in the Western world. Erom then on, import of
stronger varieties from the tropics, combined with a growing expertise in b_reed'ing and
cultivation, led to a steady increase in péycho'aéfive potency. Contemporary recreational
Cannabis has increésingly become a high-tech cfop, grown indoors under completely artificial

conditions. An extensive review on the history of cannabis and its uses by humans has

recently been pubhshed 355

Table : An overview of compounds identified in-cannabis,

Compound class - o : Compounds identified
terpenoids ‘ _ >120
cannabinoids : >70

. hydroca:bohs : 50
sugars and related compounds | 14
nitrogenous compounds 27
non-cannabinoid phenols : 25

" flavonoids 23
fatfy acids : 22
simple acids ' _ . 21
amino acids : 18
simple ketones . - 13
simple esters and lactones 13
simple aldehydes o 12
proteins, glycoproteins and enzymes 1
steroids ) | §
clements ] . 9
simpie alcohols ‘ 7
pigments ‘ 2
vitamin 1
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1.4 Chemical Constit_zgents of Cannabis

With about 538 known constituents, Cannabis is one of the chemlcally best studled plants.'*?
But because most of these constltuents have not yet been properly charactenzed for biological
activity, the Cannabis plant could be called a “neglected phannacologlcal treasure trove ™%
Extensive reviews of Cannabls constltuents are available in the 11terature427 * The most
important classes are listed in table 1. Most interesting among_ these constituents are those

found in the secretions of the head cells of glandular hairs (trichomes) dlstnbuted across the

surface of the Cannabis plant Although trichomes can be found all over the male and female

plants, they are particularly concentrated on the bracts that support the female inflorescence.
Solitary ‘resin glands, consisting of one or two dozen cells, most often fqﬁn at the tips of
slender trichome stalks which form as extensions of the plant surface, as shown in figure 2.
The resin excreted by the glands contains a variety of constituents, any of which might play a
role in the bioiogicai activiﬁes of the Cannabis plant. Among these afe terpenoids, flavonoids
and cannabinoids. Resin collects under a thin waxy membrane surrounding the ﬁecretory head
cells. In these extracellular resin pockets, the secreted compounds are segregated from the
secretory cells, protecting it from both oxidative degradation and enzymaﬁc change. A layer
of abscission cells at the base of each secretory head allows the gland to be easily removed. 33

. The adaptatlonal significance of the resin glands remains speculatlve Although the resin
gives a certain defense against insect and fungal attack, Cannabis crops are still vulnerable to
attack by a wide variety of pests, particularly under greenhouse cdnditions._ Certainly, the
intoxicating effects of Cannabis resin have increased Cannabis predation by humans, as well
as encouraged its domeéstication, thus dramatically widening its disu‘il;:liﬁon; It has been
shown that the cannabinoids cannabigerolic acid (CBGAj-gﬁ(_i ,tetrahydrbcaﬁhal:__)inolic acid
(THCA) induce cell death via apoptosis in some piaﬁt c_eﬁs as wel!j as -insect cells.**
Furthermore, formation of THCA was found to be linked to hydrogen perqxi&é formation
which may contribute to self-defense of the Cannabis piant.-*These results strongly Suggest that
cannabinoids act as plant defense compounds, which is a common function of plant secondary
metabolites.> a S
The compounds described in table 1 all have been identified as a cb{ﬂsﬁtuent of some
preparation of Cannabis: herbal plant material, whele extracts and 'chroma_:cographic fractions,
or illicit material such as hashish. In many cases, the rﬁateriél used has been obtained from an
uncontrolled source (e.g. materials confiscated by authorities) ahdrits (jﬁality can not be

guaranteed. It is therefore not certain how many compounds, identified from such materials,
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should be considered as artifacts, resulting from oxideiibn, and’ enzymatic, ‘thermal or other
degradation. In fact; even THC itself is not produced by the metabolism of the Cannabis plant
but rather is formed by thermal decarboxylatlon (loss of COy) of THCA. Fu’ther degradation |
of THC results in formation of cannabinol (CBN) or delta-8-THC. Also’ many terpenoids are
known to be susceptible to degradation upon storage or extraction. As such, the chemical
compesitien of any given Cannabis preparation depends not only en its b'iosynthetic
comiposition, but also on factors such as sge, conditions of stdrage, and method of extraction.
Any biological acthity claimed for suéh:preperations should therefore be considered with
some care. B | ' | o
Cannabinoids, terpenmds flavonoids, and fatty acids (hemp oil) comprlse the most 1nterestmg
classes of blologlcally active compounds from Cannabis. They will be discussed in detail in
sections 2 and 5, and constituents in these classes that deserve more scientific attention will be

highlighted. Several less significant classes of secondary metabolites found in Cannabis will
be discussed shortiy in section 5.4.

Figure 2: M:croscope photograph and drawing of a cannabis resin gland, with secretory head cells
visible underneath the transparent cannabinoid - and terpenoid-rich resin, .

Source; drawing from Hashlsh' by R. C!arke Los Ange!es Red Eye Press I998 Reprmted with
permission.

- Stalk Colls ——m—f;
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2. CANNABINOIDS

Cannabinoids are considered to be the main biologically active constituents of the Cannabis
plant, and they can be found nowhere else in natore (for an exception, see section 2.2). The
majority of biological activities attributed to Cannabis have so far been linked cannabinoids,
and more specifically to THC. The naturally occurring cannabino ids form a complex group of
closely related compounds of which currently 70 are known and well described.* 32135 New
cannabmmds although present in very minor quantities, have been discovered very recently.

These mclude at least eleven new cannabinoid esters and a number of other cannabinoid

s;truc:tures.40 322 However, because their presence has not yet been conﬁrme‘d by further studles,

they will not be discussed in this chapter,
Cannabinoids can be divided into 10 main structural types (ﬁgure 3). Al other compounds

that do not ﬁt into the main types are grouped as miscellaneous

Figure 3: The structural types of cannabinoids found in Cannabis sativa L.

cannnbtgcrul type. - . canasbidiol type
(7 known} {7 koown)

A*tetrahydrocannabinol ype cannabichromene type canmabicyclol type
(9 known) {5 knowm) 3 known)

emnabiglxin type
(5 known)

Miscellancous types

camshinodiol type 14 known)
{2 krywr) ¢
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2.1 Cannabinoids Defined

Until the 1980s, the term cannabinoids represented by defmition the group of typfcal
terpenophenolic Gy compounds present in Cannabis sativa, their carboxylic aoids, anologs,
and transformation products. But from this rather restricted . pharmacognostic definition,
considerable expansion is now required. A modern def'miﬁon will put more _e.rr.nphasis on
synthetic chemistry and on pharmacology, and would also include related structures or
compounds that affects cannabinoid receptors. This, however, creates severol Vot.l_emical
subcatégoi'ies of ca'nnabinoids The term “cannabinoids” now represents the whole set of
endogenous, natural and synthetic ligands of the cannabmmd receptors belonging to a wide
variety of chemical families. The plant-derived cannabmmds are now often termed_
phytocannabinoids. When the word carmabmoxds is used in thlS book chapter, the naturaIly.
occuring phytocannabinoids are meant, unless mdlcated otherw1se. It should be emphas:zed
that not all phytocannabinoids bind to the cannabinoid receptors. '

The first cannabinoid was isolated in 1940 4! Chemlcal analysis indicated it to be an alcohol
50 it obtained the rather stralghtfomard name cannabmol (CBN, C21H2502) It was; however
found to be inactive as a psychoactive compound. Chemically, the (phyto)cannabinoids
belong to the terpenophenols, which are common in nature. Cannabinoids are accumulated in
the glandular- hairs (see section 1.4), where they typically make up more than 80% of the
subcuticular seo},etiOn. In general all plant 'parts can contain cannabinoids, excepf for the seeds.
The traces of cannabinoids found in seeds are most likely a result of contamination with
Cannabis resin from the flowers.!”*? Essentially there are no qualitative differences in
cannabinoid spectrum between plant parts, only quantitative differences.?'*> The highest
cannabinoid concenﬁ’ations {in % of dry weight plant material) can be found in parts of the
flowers and fruits. In the foliage leaves the content is lOWCl:, ond in the stems and, even more
so, the roots the content is very low.** Cannabis grown outdoors generally has lower levels of
cannabinoids whenf compared to indoor grown plants. When grown under artificial, high
yielding conditions,} Cannabis flowering parts can be obtained with a resin content of up to

25-30%, mainly coﬁsisting of THCA, the acidic precursor of THC (see section2.2).
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Figure 4: Structures of the cannabinoids most commonly found in cannabis p!anf. materials. All
cannabinoids have the (6aR, | 0aR}-orientation, according to the chemical numbering shown in figure 5.

7o
Tetrahydrocannabinclic acid Tetrahydrocannabinol Delta-8-tetrahydrocannabinol
- (THCA) (THC) : ~ {delta-8-THC)

Cannabidiolic acid Cannabidiol Tetrahydrocannabivarin
(CBDA) {CBD) _ (THV)
H
COOH
HO'
|

Cannabigerolic acid Cannabigerol

(CBGA) (CBG)

Cannabinolic acid Cannabinol
(CBNA) (CBN)
H OH

COOH
(o] o
Cannabichromenic acid " Cannabichromene
(CBCA) _ {CBC)
H
COOH
o
Cannabicyclolic acid Cannabicyclol
(CBLA) (CBL)
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2.2 Biosynthesis of the Cannabinoids

The cannabinoids most commonly detected in Cherbal cénnabis materials are shown in figure
4. For the chemical numbering of cannabinoids 5 different nomenclature systems have been
used so far,*’ but the most commonly used system nowadays is the dibenzopyran numbering,
which is also adopted by Chemical Abstracts. In Europe the monoterpenoid system based on
p-cymene has also been widely used. As a result, the major cannabinoid delta-9-THC is
sometimes described as delta-1-THC in older manuscripts. In this chapter, the dibenzopyran
numbering is consistently used, therefore THC is fully described as (-)-rrans-?°-

tetrahydrocannabinol (figure 5).

Figure 5: Two most commonly used numbering systems for the cannabinoids. The dibenzopyran
system is used in this'chapter.

Dibenzopyran-numbering Monoterpene-numbering based on p-cymene

It is often said that cannabinoids are unique compounds only found in cannabis. However,
Helichrysum umbr&culigerum Less., a species from the family Compositae, the presence of
CBGA, CBG and analogous to CBG was reported.*®* Moreover, in liverworts from Radula
species the isolatioril of geranylated bibenzyls analogous to CBG was reported *%°, suggesting

homology of genes from the cannabinoid pathway in at least some other species.
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2.2.1 The acidic cannabinoids

In all biosynthetic patﬁways for cannabinoids that were postulated until 1964, CBD or CBDA
was regarded as key intermediate, which was suposedly built from a monoterpene, and
olivetol or olivetolic acid, respectively. However, Gaoni and Mechoulam 46 showed that CBG
is the common precursor of cannabinoids, biosynthesized through the condensation of
geranyldlphosphate and olivetol or olivetolic acid. Subsequently, they concluded that CBD,
THC and CBN all derive from CBG and differ mainly in the way this precursor is
cyclized #3490 A fither improvement of our understanding of cannabinoid biosynthesis
came when Shoyama et al.>”* concluded that neither the free phenolic (non-carboxylic acid)
forms of the cannabinoids nor CBNA were produced by the living plant. Instead, they
postulated a biosynthetic pathway based on geraniol and a polyketoacid, resu]ting in the
production of the acidic cannabinoids. The same conclusion was reached by Tumer and
Hadley®® after study of African Cannabis types. | i

It is now known that cannabinoids are produced by the metabolism of the plant in the form of
carboxylic acids, where the substituent at position 2 is a .carboxyl moiety (—-COOH).>2
Incorporatlon studies with '*C-labeled glucosc have confirmed that geranyl diphosphate
(GPP) and olivetolic acid (OA) are specific intermediates in the biosynthesis of
cannabinoids.**>* The first specific biosynthetic step is the’ condensation of GPP with OA into
CBGA, cétalyzed by -the prenylase enzyme geranylpyrophosphate:élivetolafe geranyl
transferase (GOT).>* Further biosynthetic pathways finally became clear by identification and
subsequent cloning of the genes responsible for the conversion of CBGA to THCA, CBDA
and CBCA, resperc.tivc—:Iy.5‘6'57"5S Further oxidation of THCA leads to formation of CBNA,
which should therefore be considered an artifact, (figure 6).

The terpenoid GPP is derived from the deoxyxylulose phosphate/methyl—qrythritol phosphate
(DOXP/MEP) pathway.”>*? About the biosynthesis of OA not much is known yet, but it has
been proposed that a polyketide synthase (PKS) could be involved**® However, a PKS
specifically yielding OA has not been found to date. Interestingly, QA itself has never been
isolated from plant material, possibly indicating it to be a very short- lived intermediate.
Mahlberg and Kim*® reported that glandular trichomes are exclusively specialized to
synthesize high amounts of cannabinoids and that other tissues contain only very low amounts.
These authors distinguished three types of glandular trichomes in cannabis, with different
localization, morphology, and cannabinoid content. Cannabinoids are debosited in the non-

cellular, secretory cavity of glandular trichomes. However, after confirming the presence of
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the central precursor CBGA, as well as THC synthase activity in the secretory cavity, it was

suggested that this is not only the site of cannabmond accumulation, but also of cannabinoid

biosynthesis.**

Figure & General overview of the b:osynthes:s of cannabmouds and putative routes, Reprmted wuth
permission.323 .
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2.2.2  Occurence of short-chain cannabinoids and other homologues

Most commonly, the acidic cannabinoids produced by plant metabolism contain a pentyl side
chain, derived from the OA moiety. Cannabinoids with propyl side chains result if GPP
| condenses with divarinic acid instead of OA, into cannabigerovarinic acid (CBGVA). The
three known cannabinoid synthase enzymes are not selective for the length of the alkyl side
chain, and will con{tert CBGVA into the propyl homoh_lgues of CBDA, THCA and CBCA (de
Meijer 2009). All ciiain lengths from -methyl to -pentyl have been found in naturally occuring:
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cannabinoids, probably all arising from the incorporation of shorter chain hor_no]dgues of OA.
The side chain is important for the affinity, selectivity and pharmacological potency for the
cannabinoids receptors

Many other minor acidic cannabinoids have been 1dentlﬁed over the years including

monomethyl and other types of esters.'*53% The biosynthetic pathways explammg this

variation have been studied.3*>

23 A Phytochemical Classification of Cannabfnoids

Cannabinoids are produced by the metabolism of the plant in the formlrof carboxylic acids as

discussed in section 2.2. However, a range of other types of cannabinoids ‘have been detected

in Cannabis. For a clear phytochemical discussion of the cannabinoids, they can most

conveniently be divided in three gréups: acidic cannabinoids; neutral cannabinoids; and

artifacts. This practical classification of the cannabinoids is shown in figure 7.

Figure 7: A practical way to categorize the relationships between the major cannabinoids found in
herbal cannabis. Three different groups may be distinguished: 1) cannabinoids produced by
biosynthesis of the plant; 2} canmabinoids resulting from natural decarboxylation of acidic
cannabinoids; 3) degradation products resulting from various influences, such as UV- Ilght, oxidation
or isomerization. Arrows indicate the routes of conversion,

1} Products of biosynthesis THCA CBDA CBGA CBCA

¥ v ¥ ¥
2) Products of decarboxylation THC cBD ¢B8G CBC

A d y 4 3
3) Products of degradation cana | cev b peta-ere | cat - caa

An important distinction that can be made within the group of cannabinoids is between so-

called acidic and neutral cannabinoids. Consequently, in fresh plant material almost no neutral
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cannabinoids cah'bé found, but theoretically all cannabinoids are present in this acidic form.
These can be converted into their deaarboxylated analogs under the influence of light, heat or
prolonged storage, by losing the relatively unstable carboxyl-group in the form of carbon
dioxide.>® For thie purpose of this chapter, the original piant—derived carboxylic acids will be
indicated as ‘acidic’ canﬁabino'ids, while their decarboxylated counterparts are ihdicated as
‘neutral’ cannabinoids, even though the presence of the phenblic mmety in the neutral
cannabinoids may of course classify them as acids as well.

The group of the acidic cannabinoids includes a large nurriber of structures. The most
common types of ‘acidic cannabinoids found in a typrcal drug-type Cannabis plant are
tetrahydrocannabmohc acid (THCA), cannabidiolic acid (CBDA), cannablgerohc acnd
(CBGA) and cannablchromemc acid (CBCA). These acids can be converted to their neutral -
counterparts by decarboxylatxon to form delta-9- tetrahydrocannabmol (TI—IC) cannabidiol
(CBD), cannab;gerol (CBG) and ca.nnablchromene (CBC), respectively. An example of thig

conversion is shown in figure 8.

The group of cannabmmds that occur as a result of degradative conditions deserve some

special attention, because their presence is largely the result of variable and unpredlctable '
conditions durmg all stages of growmg, harvest processmg, storage and use. As a result, a

well-defined Canndbis preparatlon may change rapidly into a product with sngmf' cantly
different blological effects. Degradatlon of THC results in formation of CBN and delta-8- -
. | THC, while THCA can further degrade into CBNA.* Particularly in samples that have been
stored for an extanded period, CBN can be found in relatively large amounts. The
isomerization of delta-9-THC to delta-8-THC is well documented and occurs particularly at
elevated tempéraﬁire, where the equilibrium is towards the delta-8 i_some-.r."g'so’61 The
cannabinoids CBL and CBLA arise by exposure of CBC and CBCA, respectively, to UV-
radiation, leading td crosslinking of two double bonds in the m.olf:cule.62

Although a large variety of cannabinoids is known, this doesn’t mean that all cannabinoids are
detectable in all Ca,rmabis products. They were identified over several decades of Cannabis
research, studying rhany different Cannabis products and different and sometimes rare types
of Cannabis plants from a variety of origins and qualities. There can be an enormous variation
in their quantitativs ratios. The different chemical types of cannabinoids have been well
described. +%° Undetstanding how the cannabinoids are (chemically) related to each other is
important when studymg Cannabis samples as degradation and changes in the cannabinoid
profile m1ght occur asa result of storage or brcedmg condmons variations in preparatlon of |

medicines, heating etc.
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Figure 8: decarboxylation of cannabinoids converts acidic cannabinoids to their neutrat counterparts.
The conversion of THCA to THC is shown as an example.
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Tetrahydrocannabinoiic acid Delta-9-tetrahydrocannabinol
(THCA} (THG).

2.4 -C‘hromatogmphic Analysis of Cahrtobinoid&

Instrumental methods are most oﬂen used for the 1dent1ﬁcat10n c]ass:ﬁcatlon (e 2., ﬁber type
drug type), and mdmduahzatlon (e. g., source tracmg) of Cannabzs plants and products
Bec_ause of the complex chemistry of Canm_zbzs, separation techniques, such as GC or liquid
chromatography, often coupled with MS, are heceésary for the acquisition of the typical
chemical profiles and the sensitive, specific, qualitative and/or quantitative {e.g., THC
potency) determmatlon of Cannabis constltuents However, espec ially for screening purposes
and on-site field testing, nomnstrumental techmques hke thin- layer chromatography (TLC) _
and color reactions may be helpful too. |
Only a few of the cannabmo:ds and predommantly THC, have been tested for their biological
and clinical activities. For these pure compounds, specific analytlcal procedures can be easily
developed. However, studies on cannabinoid biosynthesis and localization in Cann&bis sativa
L. requires accurate identification of the whole cannabinoid profile in fresh plant tissues. Also,
increasingly in vitro and in vivo studies are being conducted with whole Cannabis
preparations, either as raw plant materials (e.g. powdered ﬂower tops) or as .
extracts. 106,107,18,199 The bio-activities found for such preparatlons are possxbly the result of
the acidic cannabinoids,'®* and consequently a method must be available to 1dent1fy and ‘.
quantify neutral as well as acidic cahnatbinoids present in the plant rhaterials used.

For the study of cannabinoids, the analytical methods that are availabie haye been extensively |
reviewed by Raharjo.''® By far the most commonly used chromatographic methods have been

high—perfonnance liquid chromatography (HPLC) and gas chromatography (GC).
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In the end, the only way. researchers can communicate about Cannabis in a clear way is by
using reliable and standardized methods to understand the composition of various Cannabis
preparations. Only using the total THC-content to characterize different Cannabis varieties is
not sufficient to understand the complex biological effects of this plant. Ideally, a
comprehensive overview of the cannabinoid content (ie. the chemical fingerprint) of
Cannabis preparations used in studies should therefore be a standard part of scientific reports

on the effects of Cannabis.
2.4.1 Decarboxylation

Owing to the thermal lability of the acidic cannabinoids, indirect methods have been widely
used for their determination. These indirect methods are based on decarboxylation of the acids
and subsequent high-performance liquid chromatographic (HPLC) determination of the
neutral cannabinoids formed. But although decarboxylation occurs naturally over time, during
storage of cannabinoids, it is difficult to perform a qu.antita'tive' decarboxylation under
_experimental conditions. When performing the thermal decarbbxy'lation ofcannabinoid acids
in either the presence or absence of organic solvents in an open reactor, an optimum
temperature at which the velocity of the decarboxylation would be high enough and
simultaneous evaporation of neutral cannabinoids would not occur could not be found.”®
Consequently, it is.pot possible in this mamner to obtain an amount of neutral cannabinoids
: equivale'nt to that of the cannabinoid acids from which they were decatboxylated. During the
decarboxylation on‘different sotbent surfaces, the evaporation of cannabinoids was hindered

by sorptive effects, but simultaneous side-reactions occurred, causing chemical changes of the

neutral cmabinbid§.59
24.2 Microscopy

Identifying a plant sample as Cannabis sativa L. may be done simply by using macroscopic
and microscopic evaluation of the intact plant material. The botanical identification of plant
spécimens consists': of physical examination of the intact plant morphology and habit (feaf
shape, male and fe}nale inflorescenses, etc.) followed by the microscopical examination of
leaves for the prese.x:me of cystolith hairs (as shown in figure 2). The very abundant trichomes,

which are present dn the surface of the fruiting and flowering tops of Cannabis, are the most
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charactensnc features to be found m the microscopic exammatlon of herbal Cannabls

products 136

2.4.3 Color reactions

The most common color Spot tests include those developed by Duquenms and its.
modifications. Astudy of 270 dlfferent plant species.and 200 organic compounds has shown

that the Duquenois~Levine modification is most specific.’®® Thé fast blue B salt test is-the

most common color reaction for the visualization of TLC patterns (see below) but may also be

used as spot test on a filter paper.>*¢ '

It must be stressed that positive reactions to color tests are only presumptive indications of the

possible presence of Cannabis products or materials containing Cannabis products. A few
other materials, often harmless and uncontrolled by national legislation or mtematlonal

treaties, may react with similar colors to the test reagents.!
2.4.4 Thin-layer chromatography

One- and two-dimensional TLC is suited for the acquisition of qualitative cannabinoid

proﬁles from plant material Both normal-phase and reversed-phase TLC methods have been
descﬁbed.l ' For selective visualisation of cannabinoids, the TLC plate can be sprayed with
0.5% fast blue B salt (o-dianisidine-bis-(diazotized)-zinc double salt) in water, followed by
0.1 M NaOH.*@ For quantitation, instrumental TLC coupled to densitor_netry is necessary.
High-pressure TLC and overpressured layer chromatography have been developed for the

reproducible and fast determination and isolation of neutral and acidic cantiabinoids.>5"->%

24.5 Gas chromatography

The use of GC, commonly coupled to flame ionization detection (FID) or mass (MS)-
detection, permits the analysis of a large variety of cannabinoids with very high resolution.
However, derivatization is necessary (e.g., silylation or methylation) when information about
cannabinoid acids, the dominating cannabinoids in the plant, is -required.”(’ Because it is hard -
to perform a quantitative derivatization for all components in a complex mixture, GC analysis

may have only limited value when studying the authentic composition of Cannabis products.
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GC/MS is the method of choice for creating Cannabis proﬁleé and signatures (chemical
fingerprints), a tool for atfributing the country of origin, the conditions of cultivation (indoor,

outdoor), an so on. A representative GC-FID chromatogram is shown in figure 9a.

Figure 9a: A typical GC chromatogram (FID-detection) obtained according to reference | 14,
Column: Durabond fused silica capillary column (30 m x 0.25 mm inner diameter) coated with DB-|
at a film thickness of 0.1 pm, (J&WV scientific Inc,, Rancho Cordova, CA). The oven temperature was
programmed from 100°C to 280°C at a rate of |0°C/min. '
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246 High—perfor&zance liquid chromatography

HPLC has made it ﬁossible to simultaneously detect cannabinoids in both the acid and neutral
forms, without the;- need of derivatization. By making use of a UV- or photodiode-.array
detector (PDA), cannabinoids can be efficiently analyzed without causing degradation of
sample components. Thus, HPLC has become the method of choice for most laboratories. A
representative HPLC chromatogram is shown in figure 9b.

However, analysis ilof all major cannabinoids in.a typical Cannabis extract is not easily
achieved, because df the complex composition resulting in chromatographic overlap of peaks.
To overcome this -problem, the use of mass-detection (LC-MS) to distinguish between

overlapping chromatographic peaks is becoming increasingly important.!'>!'
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Validated HPLC methods exist for the analysis of_ cannabinoids according to the American
USP or German DAC guidelines. However, these were specifically developed for the analysis
of impurities in highly pure preparations of THC, either derived frdm synthetic (U.S_P :method)
or natural source (DAC method). They were not intended, and hence not validated, for use
with whole Cannabis plant materials. Also, to our knowledge, none of tl_iese methods have
been validated according to ICH guidelines; the pharmaceutical standards for adequate

validation of analytical methods.

Figure 9b: A typical HPLC chromatogram (228nm) obtained according to ref | 14,
. Column: Waters XTerraMS C (2.1 x 150mm, 3.5um); Eluent: Methanol/Water gradient with

linear increase of methanol from 65 to 100 % over 25 minutes; Flow-rate 1.5 ml/min.; Detection:
UV@228nm. The baseline was not corrected for the influence of the methanol gradient.

UV absorbance 228nm

T : L L
15 20 . 25
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More recently, a fully validated pharmacopoeia method was developed for the quality control
of Cannabis produced for the Dutch medicinal Cannabis program.®>® This Ultra-Performance
LC (UPLC) method has been validated -according to ICH guidelines and is suitable for the
analysis -of .a wide range of authentic -cannabinoids in herbal Cannabis. A representative

UPLC chromatogram is shown in figure 9c¢.
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Figure 9c: A typical UPLC chromatogram obtained using the following method: _
Column: Waters C g analytical column (1.7pm, 2.1x150 mm). Eluent: acetonitriletwater/0.1% formic
acid. 0-6min. isocratic 70% acetonitril, 6-10.5min. gradient to 100% acetonitril, 10.5- | min. hold at
100% acetonitril. Flow-rate: 0.3 mi/min.; Detection wavelength: UY@228 nm. '

a: CBDA,; b: CBGA; c CBG; d: CBD; e: CBN; f: THC; g dela-8-THC; h: CBNA; k: CBC; I: THCA:
m: CBCA
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2.4.7 Other techniques

Occasionally, new ﬁlethods are explored Hr the analysis of cannabinoids. The applicability
of capillary electrochromatography with photodiode array UV detection for the analysis of
phytocannabinoids has been demonstrated.!!! Also supercritical fluid chromatography has
been studied,!'? but with limited success. Supercritical fluid chromatography is characterized
by shorter analysis times than GC or HPLC and does not require derivatization

2.4.8 . Spectroscopic and chromatographic data

A final important factor in the effective analysis of phytocannabinoids is the availability of
reliable spectroscopic and chromatographic data. Although such data have been published for
‘most known cannabinoids during isolation and identification experiments (see Turner ef al*

for an overview), they were scattered over a huge amount of scientific papers. In 2005,
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Hazekamp ef al. '** determined chromatographic and slpectroscopic data for 16 different .
phytocannabinoids as well as 2 human metabolites under standérdized condifions.
Spectroscopic analyses performed were UV-absorbance, infra-red spectral analysis, (GC-)
mass spectrometry and spectrophotometric analysis. Also the ﬂuore_:scen; pmpertieé of the
cannabinoids were presented. Chromatographic data includes relative retention times in
HLPC, GC and TLC. In a similar standardized fashion, the complete 'H- and *C-NMR

assignments of several major cannabinoids have been summarized.'*
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3. SITES AND MECHANISMS OF ACTION OF CANNABINOIDS

The majority of studies on the biological effects of Cannabis constituents have been done with
cannabinoids. No other class of Cannabis compounds received a'nything near as much
attention. The reason for this is clear: cannabinoids are unique to the Cannabis plant, while aIE
the other classes of compounds can also be found elsewhere in nature. Therefore the majority
of this chapter is dedicated particularly to the cannabinoids. And among the cannabinoids,
virtually all studies have focused on the effects of THC. So almost by necessity, this section
will focus on THC to discuss what is known about the receptor-binding, metabolism and other
mechanisms involved in understanding the biological effects of cannabinoids. However, other
cannabinoid constituents will be discussed where possible, based on the literature availabie.

In general, biological effects take place through activation of receptors, so it needs no
explanation that the psychoactive effects of THC led to the hunt for specific binding sites.
Analogs of THC, cﬁemically modified and radiolabelled, served as a tool for the identification
of cannabinoid receptor CBI in the rat brain, soon followed by discovery of the CB2 receptor.
These findings prompted the search for endogenous ligands, which was guided by the
chemical concept that, by homology to the highly lipophilic THC, physiological cannabinoid
receptor ligands were to be looked for among endogenous lipids rather than the more polar
peptides like the endorphins.

It is now known that cannabinoid receptors can be found in most parts of the brain, as well as
in the immune system and a variety of other organs. Their distribution seems to explain many
of the observed effects of Cannabis consumption. Such a variety of effects was concisely
summarized by DiMarzo er al: 18 endocannabinoids make you “feel less pain, control your
mbvement, relax, eat, forget (posttraumatic), sleep and protect your neurons™ The activation
of the endogencous éannabinoid system could represent a crucial and important component for
each of these functions. The endocannabinoid system that is responsible for our physiological
response to Cannabis use is analogous to the morphine-endorphin system. Interestingly,
crosstalk between the two systems has been shown.'®’

In this section, we ilook into the sttes and mechanisms of action of the cannabinoids. After
describing the discovery of Cannabis receptors, the endocannabinoids will be discussed. The
understanding of this endogenous system explains the effects of Cannabis on human
physiology, which will be further clarified by looking in more detail at THC. Information on

absorption, distribution, metabolism and elimination will help to explain the possible role of
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synergy and interaction between Cannabis _components. Finally, the effect of administration

forms on the observed biological effects of cannabinoids is discussed.
3.1 The Cannabinoid Receptors: CBI and CB2

The cannabinoid receptors are a olass of recepfors under the G—protein' coupled receptor
superfamrly Theu‘ ligands are known as cannabinoids or endocannabm01ds dependmg on
whether they come from extemal or internal (endogenous) sources, respeetrvely Cannabinoid ._
receptors have a protein structure defined by an array of seven transmembrane- spanmng _
helrces with intervening mtracellular loops and a C-termmal domarn that can assomate with G
proteins of the Gy, family. 310 o
Until the discovery of speorﬁc Cannabls receptors the bloehemrcal mode of actlon of
oannabmolds was much disputed. Because of their llpoplnhc character cannabmords can
penetrate cellular membranes by snnple drﬁ"usmn Therefore, possible explanatrons for
cannabinoid activity mrtrally mcluded unspeorﬁc membrane binding resultmg in ﬂurdrty- and
permeability changes of neural membranes, the inhibition of acetyleholme—synthesrs an
increase in the synthesrs of eatecholammes and an mteractron ‘with the synaptosomal uptake
of serotomn.lg3 194 However it was estabhshed in the mid 1980s that cannabinoid activity is
- highly stereoselectlve mdrcatmg the existence of a receptor- mediated mechamsm _

The first reliable mdlcatlons that cannabmords act through receptors came when it was shown
that eannabmords can act as inhibitors of the adenylate cyclase second messenger pathway in
bram tissue and neuroblastoma cell lines. This activity was dose dependent, stereospecific,
and could be modulated by pertussrs toxin.”%20% 205 Finally, a stereospecifi ic G—protem—coupled
cannabmold receptor was found and cloned. 208 It was named ‘Cannabmmd -Binding receptor
type I or CB1. The CBI receptor is most clearly localized in the central nervous system,
therefore it is often called the central receptor’, but it 1s a]so found in certarn peripheral
organs and tlssues such as lungs liver and kidneys. 25 CB1 receptors are thought to be the

most w1de1y expressed G-protein coupled reeeptors in the bram Activation leads to inhibition

of adenylate cyclase actrvrty.zm

The CBI1 receptor also rnodulates ion channels, inducing, _for_
er{ample, inhibition of N- and P/Q-type voltage-sensitive Ca?* channels and activation of G
protein inwardly rectifylng K* 'c.har_mels. Besides these well—established. cannabinoid‘receptor-
coupled events,' eannabinoid reeeptors have also been shown to modulate several signaling
pathways that are more directly involved in the control of cell proliferation and survival,

including extracellular signat regulated kinase (ERK), c-Jun N-terminal kinase (JNK) and p38
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mitoger-activated protein kinase (MAPK), phosphatidylinositol 3-kinase (PI3K)/AKt, focal -
adhesion kinase (FAK), and the ceramide pathway..m8

Subsequently, a second cannabinoid receptor (CB2) was found with a possible role in

immunological processes.2%

The CB2 receptor was first described as a peripheral GPCR
receptor, mainly localized in the immune system, therefore it is often called the ‘periferal
receptor’. However, it appears nowadays that the situation is more complex, as CB2
expression was also reported to be present in nenrons of the brain!® It is prtrnarily expressed
by i immune tissues such as leukocytes, spleen and tonsils, and it shows a different seiectmty
than centrally acting CBl So far, the phys:ologtcal roles of CB2 receptors are proving more
difficult to estabhsh but at Ieast one seems to be the modulation of cytokme release 2!
Recently, it has been recognized that CB2 may play a functionally relevant role in the CNS L
mediated through m;croghal cells. *1? _ )

The cannabinoid s1gnalmg system is teleologically millions of years old, as it has been found
in mammals fish, and invertebrates down to very prlmltrve organisms such as the hydrazm‘
Surprlsmgly, the protein sequences of CB1 and CB2 show only about 45% homology. There
are indications that CB receptors are evolutlonary related to the vanilloid receptors 27 The
vanilloid TRVR1 receptor (transient receptor potential vanilloid VR1 receptor) can be
activated by the fatty acid amide compound capsaicin, Based on chemlcai similarities between
capsaicin and endocannabinoids (see section 3. 2), it was hypothesized that TPVR1 and
protems of the endocannabm01d system share common ligands. This was indeed confirmed
when it was demonstrated that the endocannabinoid | anandamide activates TRPVI
teceptors.!? Also- it was found in isolated blood vessel preparations that 'some.
endocannabinoids can activate vanilloid receptors on sensory <neurons 214 which raises the
possibility that endocannabmords are endogenous agmlsts for vanilloid receptors 215 These
receptors might therefo re be putatlvely regarded as CB3 receptors. _

There is mounting evidence of novel receptors expressed in endothelial cells and in the CNS
that have cannabimimetic and therapeutic effects independent of the mechanisms described
~ above.?'® In 2007, the binding of several cannabinoids to a GPCR (GPRS55) in the brain was
d.escribed.z'g These, receptors are more likely to be functionally than structurally related, as
there is currentiy nio evidence for additional cannabinoid receptors in the human genome.
However, not all of the effects of cannabinoids can be explained by receptor-mediated effects,
and it is believed that at least some effects are non—specrﬁc and caused through membrane

perturbatlon 202
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3.2 The Endocannabinoid System

Based on the observatxon that all natural cannabinoids are highly lipid- soluble an attempt was
made to isolate endogenous ligands for the eannabmo:d receptors from fatty tissues of animals.
Finally, a single compound could be isolated from brain tissue of pigs, with a high affinity for
the CB1 receptor. It was chemically identified as arachidonic acid ethanolamide, and named
aoandamide, from the Sanskrit for ““eternal bliss.””.'" A few years later, a related compound

was i_solatec_l_ from canine gut with an affinity for both cannabinoid receptors; 2-arachidonyl

glycerol (2-AG).2% Structures of these two compounds are shown in figure 10. In recent years,

a variety of compounds with endocannabinoid activity have been isolated or

d 223224

synthesize interestingly all having an eleosancud -related  structure. Cannabinoid

receptors and their endogenous llgands together eonstitute what  is referred to as the

endogenous cannabmoxd, or endocannabinoid, system

Figure 10: Structures of the two major endocannabinoids
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Anandamide 2- arachldonylglycerol

The endocannabinoid system is now known to be a ubiquitous neuromodolatory system with
wide-ranging actions. It comprises cannabinoid receptors, endogenous eannabinoids, and
enzymes responsible for their production, transport, and degradation. The endocannabinoid
system can be found even in very primitive organisms, indicating & has a fundamental role in
basic physiology. There are currently two main families of endocannabinoids that have been
extensively characterized. The first are amides of arachidonic acid and ethanolamide; the
typical example of this family is anandamide. The second family includes glycerol esters

related to 2-AG. The synthetic pathways for both families of endocannabinoids are complex,

but well reviewed.?#>%+%6
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There are several pathways known for synthesis and degradation of endocannabinoids, so
there appears to be 2 high redundancy. Basically, endocannabinoids exist intracellularly as
precursors in the piasma membrane of neurons as part of certain 'phos'pholipids. They are
produced on demand by distinct biochemical pathways involving phospholipases C and D, as”
well as other enzymes. These events are triggered by the enhancement of intracellular cakium
concentrations that follow cell depolarization or the mobilization of intraceliular calcium
stores “subsequent ‘to stlmulatlon of protein-coupled receptors from the Gq/G“ famﬂy
Accordingly, the enzymes catalyzing anandamide and 2-AG are calcium-sensitive. After |
formation, endocannabinoids are transported across the cell-membrane for interaction with
their extracellular'bi'nc‘ling sites on cannabinoid receptors. 22> _
Endocannabinoids serve as extracellular refrograde messengers, with characteristicé -very
different from other neurotransmitters such as .aCetylcho.line, GABA or dopamine.
Endocannabinoids are described as reﬁdgra&é transhitters because they most commonly
travel backwards dgainst the usual synaptic transmitter flow: they are released from the
postsynaptic cell and act on the presynaptic ccll, where the target receptors are densely
concentrated. Like the endorphins, endocannabinoids exert a homeostatic function. But
because of their cﬁemical (non-water soluble) nature, they cannot travel unaided for long
distances in the aqueous medium surrounding the cells from which they are released.
Therefore, endoban:rlabinoids do not typically function like hormones, which can affect cells
throughout the body, but instead they act as local (autocrine or paracrine) mediators.
Activation of the cannabinoid receptors temporarily reduces the amount of conventional
neurotransmitter released, thereby controlling the incoming synaptic signal. The ultimate
effect of this proce$s depends on the nature of the.transmitter that is controlied, which itself
depends on the function of the tissue where the cannabinoid receptors are expressed. Simply
said, endocannabinoids produced by a certain neuron, are modulators of the flow of other
neurotransm_itters.prjoduced by that same neuron,

Degradation is an important mechanism to regulate endocannabinoid activity, as the duration
of endocannabinoid effect is dependant on the localization of the degrading enzymes.?® The
dé_gradation system_involves reuptake into the presynaptic cell, followed by rapid hydrolysis
of the amide or ester bonds. How endocannabinoids move from the extracellular space to the
interior of a cell for degradation remains unclear, but there is indirect evidence for specific
proteins facilitating the membrane transport.??’ 2-AG exhibits higher selectivity and cfficacy
for CB1 and CB2 .,receptors than anandamide, which also interacts with non-cannabinoid

receptor targets. Therefore, it is not surprising that the levels of the two compounds are
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regulated in different ways. However, the main enzyme that inactivates both anandamide and

2-AG (and others) by hydrolysis, is fatty acid amide hydrolase (FAAH). It was isolated after .

the synthesis of inhibitors of endocannabinoid degradation, which were then used for affinity
chromatography purification of the degradmg enzyme.”?® 2-AG is also inactivated by
monoacylglycerol lipase (MAGL). _ _

Interestingly, in Arabidopsis thaliana a functiona homolog of the mamlnalian FAAH has
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been cloned,”” and fatty acid ethanolamines with high homology to anandamide have been

discovered in several plant species.?> Théso findings provide support at the molecular level
for a conserved mechanism between plants and animals for the metabolism of N-

acylethanolamines.

3.3 Pharmacokinetics of the Cannabinoids (ADME)

Cannabinoid pharmacokinetic research has been especially challengmg due to low analyte

concentrations in serum, rap1d and extensive metabolism, and physncochemmal characteristics

that hmder the separation of drugs of mterest from biological matrices, and from each other.

Although many other administration forms have been developed (see section 3.5 on

admmlstratlon forms) oral administration, often i in the form of synthetic THC (Marmol), has

been most extenswely studied.

Although the metabolic fate of THC is well known, not much has been reported on the other
cannabinoids. After oral administration, THC is almost completely absorbed (90-95%);
however due to ﬁrst—pass metabolism by the liver and high lipid solubility, 90 percent or
more of orally admmlstered THC never reaches sites of activity in the .body in its native
form. 252 THC and its metabolites are extensively protein bound in the blood (ca. 97%) and
rapidly distributed to highly vascularized tissues and the brain. Serum concentrations peak at
approximately 0.5 to 4 hours after oral dosing, and decline over several days. After oral
administratlon, THC has an onset of action of approximatoly I-2 houts and _duljation of
psychoactive effects is 4-6 hours after administration.

In hunlans, plasma THC concentration profiles are sirtlilar after smoking or intravenous
administration, with prompt onset and steady decline. Metabolism occurs mainly in the liver
by microsomal hydroxyiation, and oxidation catalyzed by enzymes of t_he P450 complex.
Nearly 100 metabolites have been identified for THC alone. Besides the liver, other tissues
like the heart and lungs are also able to metabolize cannabinoids, albeit to a lesser degree. The

two major metabolites of THC are 11-hydroxy-THC (11-OH-THC) and 11-nor-9-carboxy-

34




THC (11-COOH-THC). 11-OH-TH is the most importan"t‘ psychotropic metabolite, bei:)g'
about twice as psychoactive as THC, and it has a similar kinetic profile as the parent
molecule.” In contrast, 11-COOH-THC has no psychotroplc actlvzty Most of the 11-COOH-
THC is finally converted into its glucuronide form with a glucuromc acid m01ety lmked to
the carboxylic group. This is the major form of THC excreted into urine. When THC is
inhaled through smoking or \'}aporiziﬁg, it avoids ﬁrst-.pass inetabolism, and conversion to11-
hydroxy-THC and :ﬁlrther metabolites takes place much slower.”2

Metabolism is the major route for the elimination of THC from the body. The ellmmatlon is
biphasic; there is a rapid distribution phase (initial half- life about 4 hours), believed to be due
to the highly llpophlhc nature of the drug and redistribution into lipid-rich tlSSUCS ‘and a
terminal half life of around 25 to 30 hours for THC and 11-OH-THC. Plasma half. hfe for 11-
COOH-THC may be even as long as 25-75 hours.>*> 344

Only negligible amounts of THC are excreted in unchanged form; less than 5% of an oral
dose is recovered unchanged in the feces. Most of the absorbed dose (65-80%) is excreted as
metabolites i in the feaces and a lesser amount is secreted in the urine (20-35%). Among the
metabolites, 11- COOH-THC is a major one identified in both urlne and feaces, both in its
native form and in the form of its glucuronide. Because of its large volume of dlstnbutlon
(approx 10 L/kg), THC and its metabolites rnay be excreted at low levels for prolonged
periods of time. Following smgle dose administration, low levels of THC metabohtes have
been detected for more than 5 weeks in the urine and feces. 3

For the other cannabmmds only the metabollsrn of CBD and CBN has been described to

t. 233

some exten An 1mportant aspect of CBD is that it inactivates certain types of cytochromes

which may ‘be important because serious drug-drug interactions may occur in the case that
cannabidiol is co- aclmlmstered with drugs that are metabollzed mamly by the enzyme system
containing these P450 isozymes. 2

So far, virtually nothmg was reported on ADME of the major cannabmoxd TI—ICA In a case-
study (unpubhshed data by the author) it was found that the oral consumption of 30 mg pure
THCA did not lead to psychotropic effects and no THC-metabolites could be detected in urine
by a standardized GC-MS detection method for THC. So despite their structural snmlarity, the.

metabolism of THCA seems to be qulte distinct ﬁ“om THC.
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3.4 Structure-Activity Relationships of C annabinoids

There is a central probi'em in the discussion about making Cannabis or; THC medicinally
available: the curative properties of Cannabis/THC are mediated mainly by the same receptors
that cause its unwanted psychoaétive side effects. So, just as for other psyéhoactiv_e drugs (e.g.
morphine, benzodiazepines) the accepted medicinal applications are limi_ted. As a result, a |
major g)al of cannabinoid research hoWadays is to separate beneficial from unwanted effects

by means of medicinal chemlstly, studying structure-activity relatlonshlps {(SAR). The same

approch is also used to develop agonists or antagonists with a high selectxwty for only one of
the cannabinoid receptors :

The absolute configuration of naturally occurring THC is trans-(6aR,10aR), resulting in a (-)

specific rotation. The preparation of the cis-(-H)-enantiomer of THC, and subsequent

'phannamlogica] comparison to ifs natural counterpart, gave a decisive argument for the

stereospeciﬁcity' of the binding',. and thereby reinforcing the cannabinoid-receptor interaction

hypothesis. Since this discovery, cannabinoids have been extensively studied to understand

the relationships between their structure and affinity for the Cannabis-receptors. For this

purpose, a very large number of synthetic derivatives have been made and systematically

tested for receptor binding on CB1 and CB2.

Large numbers of compounds have been studied for the structure activity relationship of both

known CB receptors. But f addition to CB1 and CB2 receptors, pharmacological studies -
have strongly suggested the existence of other cannabinoid receptor subtypes®’, the most

likely candidate being the vanilloid TRVRI receptor (see section 3.1). This essentially means

that all available cannabinoids produced for SAR studies could be tested again for binding

affinity to this receptor. This may lead to new clues about the mechanism of action for certain

bioactivities of cannabinoids.

Classical cannabinoids and endocannabinoids are both agonists of the CB receptors, but due

to the different structural features of CB1 and CB2, their structural activity relationship is not

entirely similar. The CBI receptor has been proposed to exists in two different conformational

states; one where it is bound to the secondary system (by G proteins) and one in which it is -
uncoupled.’®* Agonists of the CBI receptor bind to the precoupled stage activating the
receptor, while antagonists bind to the receptor without activating it. Because antagonists
prevent endogenous cannabinoids -from binding, activation is interrupted. Inverse agonists

bind to the uncoupled receptor, blocking it and avoiding precoupling of the receptor.
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The structure activlty relationship of classical eaunabinoids and endocannabinoids has been
studied intensively, and several reviews have been published. 264" The major cannabinoids
THC? and delta-8-THCZ" bind to the CB1 receptor with moderate affinity and do not show
specificity for either. CBN however, does show a slight spec1ﬁ01ty for the CR2 receptor. 273 4t
should be noted that values publlshed for CB«receptor afﬁmty may be strongly dependent on
type of tissue and animal speoles used in the study. Although rat CB] is 97% homologous
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with human CB}, critical dlfferences do exist. Also the type of agomst to be displaced has

an influence on the value of K; reported. As a result bmdmg eﬁic1enc1es reported in the
literature often show a range of values. An overview is presented by Pertwee 6, and a

summary is preserted in table 2

Table 2: Range of reported K values for the major phytodnnabinoids, according to Pertwee 37

Phytocannabinoid CB1 K, (nM) CB2 K; (nM)
C T OTHC 5.05-80.3 3.13-75.3
. delta-8-THC: . 44 - 476 : 39.3-44
THCV 466-754 62.8
CBN 120.2 - 1130 '96.3-301
CBD 4350 - 27 542 2399 - 4200
CBG ‘ 440 : 337

By introducing- a large variety of chemical miodifications, four pharmacobhores have so for
been identified for the classical cannabinoids prototype. They are listed below. For chemlcal -

numbering of carbon-positions, see figure 5.

1) An alkyl-substituent at C-3:

An alkyl group on the C-3 aromatic position seems necessary for biudiug affinity to the CB
receptors, and in the phytocannabinoids this sidechain ranges from the most commonly
-observed pentyl ¢CsHp), down to methyl ¢CHs). Changes in the alkyl group of natural
cannabinoids lead to wide variations in affinity and selectivity for the cannabinoid receptors.
It is now well established hat introduction of a dimethylalkyl sidechain greatly increases
affinity*"®, suggesting that introduction of a branched substituent enhances the afﬁ'nity' of CB
receptor ligands. The best substituents found so far are 1,1-dimethylheptyi or 1,2-

dime_:th},rlhept),/l.znz:74 One of the strongest CB1 agonists ever made falls into this class:
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HU210. It has a binding affinity to CB1 of up to 800 times more p_otént than THC, but
without the psychoactive effects. 24

Sometimes, arying the sidechain may also lead to surprising results: the propyl analog of
THC, nanirally odcurring in the Cannabis plant, is an antagonist of _bc;th CB1 and CB2

receptors with fairly high affinity, instead of a weak agonist, as was expected based on its
structural similarity to THC.?

2) A hydroxyl-substituent at C-1:

The phenolid hydroxyl group at C-1 has to be freely available for significant CBy binding.
Removal of this hydroxyl, or conversidn .into a methoxy groub (i.e. esterification) leads to
selective CB2 binding affinity.?’* A possible explanation for the inactivity of the acidic
cannabinoids in receptor binding may be the occurence of hydrogen-bonding between the

adjecent hydroxyl and carboxy! groups.

3) The substituent at C-9/C-11: _ . -

The methyl group at C-9 is not an absofuté requirement for,bi:;dixig,aﬁ'mity. Iﬁt:.oduction ofa
hydroxyl group at C-11 was in fact shown to increase affinity of THC as well as delta-8-THC
for both CB1 and CB2 receptors.’’> The 11-hydroxy substituent is present in the primary
metabolite of THC, 11-hydroxy-THC, which has a more potent psychoactive effect than THC.-
Fu;'théf oxidation (to aldehydes or carboxylic acids) eliminates the psychoactive effect but
induce_s_' anaigesig_and anti-inflammatory properties.- Ajulemic acid (a _cérboxylic acid) and
Nabilone (an aldéhyde) are. examples of synthetic analogs of THC developed for clinical use

(see section 6.2).

4) An aliphatic hydroxyl at C-6: | _
The hydroxyl-group attached to G6 should be bound 'to an optimal chain length of three _
carboﬁ atoms. 2" In t.he‘ structure of THC, this pharmacophore is part of ring B(see figure 5,
car'bon# 6, 12 and 13). In contrast, in the structure of CBD these aliphatic carbons are .
spatially separated from the hydroxyl, and conéeque_ntly CBD does not bind to either

cannabinoid receptor,

There are several structural similarities between endocannabinoids and clagsical cannabinoids
that bind to the CB receptors: both classes have a polar head group and a hydrophobic chain |

with a terminal npentyl group. More specifically, the pentyl sid_e chain .in cannabinoids is
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present in the endocannabinoids as the last five carbons of the fatty acid chain, and the OH at
the C-3 position lﬁight eorrespond to the polar hydroxyl end of the endocannabinoids.
Furthermore, the relative distances between these functional groups are comparéble due to the
ring system in cannabinoids, which can be mimicked by the_four double bonds in the

endocannabinoids.?”’

The fatty acid acyl chain of endocanﬂabinoids should be 20 to 22
carbons long, with at least three homoallylic double bonds.2® It is proposed that the acj;l
chain can assume more than one conformation and that flexibility is necessary in order to
mimic the tr1cychc core of the classical cannabmmds281 Recently, evndence was also
' presented for cotnmion binding sites to the CB receptors.?’

‘The knowledge obtamed from these SAR studies has pIayed a crucnal role in the development

of some of the cannabinoids in clmlcal use as described in section 6.2.
3.5  Administration Forms

Studies with Cannébis or Cannabis-based preparations have been performed with -a' large
variety of administration forms rangmg from pulmonary (smokmg and vaporlzmg), to
sublingual, topical, and oral preparatlons (tea, milk decoctlons, and baked products) A
common factor of all admmlstration forms of (herbal) Cannabis is a heating step, which is
essential for conversion of the acidic cannabinoids into the ir pharmacologically more active
neutral counterparts. Depending on the administration form, many changes to the ongmal.
profile of compounds may occur by e.g.: the extent of heating (decarboxylatlon of acidic
cannabmoxds), the type of storage (e.g. tea is stored differently from Cannabis-mgarettes),
degradation, loss by evaporation §.g. terpenoids), and metabolism. As a result, a different
spectrum of compounds is finally entering the bloodstream, and consequently a dlfferent type
and duration of effe¢ts may be observed. '

Smoking and oral administration are the two most commonly studied administration forms in
clinical trials. The few studies that have directly compared the two forms of THC delivery
show smoking to be more effective than oral administration 26238 Inhalation of THC avoids
the first-pass effect but causes a rapid peak in blood levels accompanied by a spike in
psychoactivity. A dose of 2-5 milligrams of THC consumed through smoki.ng reliably
produces blood concentrations above the effective level within a few minutes.*"**? As a
result, Cannabis smoking is a convenient method of administration, allowing self-titration of
the desired effects. ‘fi-Iowevef, inhalation of toxic compounds during Cannabis smoking poses

a serious hazard. This risk is not thought to be due to cannabinoids, but rather © noxious
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pyrolytic byproducts.?*>2* Consequently, the shortcomings of smoked Cannabis have been
widely viewed as a major obstacle for approval of crude (herbal) Cannabis as a medicine by

public health authorities.”*’

Nevertheless, inhaling is about equal in efficiency to intravenous
injection, while considerably more practical %2 Smoking cannabis m the presence of
tobacco can almost double the release of THC into the smoke compared to smoking pure
cannabis. The mechanism for thls is however still unclear.*

Cannabis vaporization or volatilization is a technique aimed at suppressing ifritating
respiratow toxins by heating Cannabis to a temperature where active cannabinoid vapors are
formed, but below the point of combustion where pyrolytic toxic compounds are released.
Vaponzatlon offers patients who use medicinal Cannabis the advantages of the pulmonary
route of admmistratlon i.e.: rapid delivery into the bloodstream, ease of self-titration. and
concomitant minimizing the risk of over- and under-dosing, while avoiding the resplratory
disad'\..rantages. of smoking. A few studies have been performed in recent years showing that
vaporizing can be coﬁsidered an efficient way of administration of Cannabis as well as puro
cannabinoids,”’ resulting in bioavailability of THC comparable to smoking.?*®

In contrast, despite its convenient use, oral THC is notoriously unreliable in its effects.??
Drawbacks of this administration route include its large variability in bioavailability, and
extenswe ﬁrst—pass metabolism. The onset of effects is slow, precluding effective 1nd1v1dual _
tltratlon In a study performed w1th orally administered THC, two hours after oral
admlmstratlon of 10-15 milligrams, 84 percent of subjeots had no measurable Ievel of THC in
their blood. Afier 6 hours, 57 percent still had none.?* _

When .Cannabis is consumed in the form of a decoction, it is oﬁeﬁ roferred to as ‘tea’.
Although Cannabis tea is a relatively popular administration form for self- medlcatlon among
medicinal users, virtually no standardxzed studies have been performed with 1t However, a
recent study’® showed Cannab1s tea to be a robust and reproducible administration form for
cannabinoids, with relati.vely high levels of acidic cannabinoids present.

As a result of the factors described above, the cloice lof administration form can have a major
inﬂuenoe on the observed biological effects. For example, early studies indicated that oral
doses of THC were no more effective than codeine for pain, and produced a significant
amount of dysphoric effects.**®?*® Thus it was believed that THC could only produce
analgesia at doses that were high enough to cause behavioral side effects, and therefore was
dropped as potential analgesic.>! However, when using the parenteral or systemic route, THC
and other synthetic cannabinoid compounds have demonstrated potent analgesic effects up to

ten times that of morphine in animal models of acute and neuropathic pain.?3%%%
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4. BIOLOGICAL EFFECTS OF THE CANNABINOIDS

Virtually all studies on the biological activities of cannabinoids have been performed on the
neutral cannabinoids. This may be an inheritance from the time when Cannabis was mainly
studied to answer questions about social and health risks associated with its recreational use.
However, it is now becommg increasingly clear that the acidic cannabinoids may have
blologlcal activities of their own, because obviously, there are other routes of admimstratlon
than smoking, and some of these indeed contain significant amounts of the acidic
cannabinoids. -

It would be impossible here to give a comprehenswe overview of all descrlbed bioactlvmes of
the (phyto)cannabmmds, in particular for THC. ‘However, they have been well rev1ewed ina
number of papers and books.2**%% Only the most important or remarkable b1010g1cal

activities will be dlscussed here, whlle their clinical unphcatlons will be descrlbed in more

detail in section 6.1 of this chapter
4.1 Delta-Q-Tetfahjzdroéannabinol (T HC) |

TI-IC: is the pharfhacologically ‘and toxicologically most relevant constituént_of the Cannabis
plant, producing a myriad of effects in animals and humans. A frequently used way to teview
the biological effects of THC is by distinguishing central from peripheral effects, reflecting
the classical physiological distribution of the cannabinoid binding receptors CB1 (the ‘central’
receptor) and CBZ'(the ‘peripheral’ receptor), as discussed in section 3.1. However, the exact
mechanism of action of cannabinoids is not eXacﬂy clear, as CB1-receptors afe increasingly
found outside the C:NS,325 while CB2 recept'ors. are now .known to be present in the nervous

system, for éxam;ﬁle in rat mibroglial cells and other brain associated cells during

inflammation. %’

In afoxiéoiogicai sense, the CB1 mediated central effects of THC are most important,
because they are directly related to the psychological effects of Cannabis use. The most
conspicuous psychological effects of THC in humans have been divided into four groups®®:
affective, sensory, somatic, and cognitive. In fact, most documented cannabinoid effects are
mediated by the central cannabinoid receptor and behavioral effects caused by Cannab:s or
THC are generally consistent with the anatomical distribution of the cannabinoid receptors, in
particular CB1 in the brain. However, neuroprotective properties in ischemia and hypoxia are

examples of some known receptor-independent actions of THC and other cannabinoids.
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Furthermore, both THC (CBI and CB2-binding) and CBD (non-binding) potentiate the .
extinction of conditioned incentive learning, indicating that screening o‘f receptor binding
does not necessarlly show the potential of cannabm01ds |

The best-established palliative effect of THC is the mhtbltlon of chemotherapyL mduced
nausea and vomttmg, mainly in cancer panents Today, oral capsules containing dronabinol
(Marmol) or its synthettc analogue Nabtlone (Cesamet) are approved for this purpose (see
sectlon 6.2). Also herbal Cannabis has been shown fo reduce nawsea in the majority of users,

when 1ngested or inhaled. The effect of THC on nausea and vormtmg has confirmed in
clinical trials.} 3% It is however unclear how Cannabis or THC compare to the more recently

developed, and very efficient serotonin (5HT3) receptor antagonists for the treatment of

nausea. Other potenttal palliative eﬁ'ects of THC in cancer patlents include appetite

stimulation and pain mhlbltton

THC increases the metabohc rate m the bralns of ammals and humans and it decreases body )

temperature, but only at hlgh doses The increase in heart rate observed after THC
administration is clearly dose- dependent and closely associated with TI—IC plasma
concentrations. As a result, cardiovascular problems are generally considered a contra-
1nd1cat1on for the medicinal use of Cannabis or THC. The results of a well-designed clinical
ma] usmg mhaled THC suggest that the increase in heart rate is not mediated by bramstem
centers but.is established by a direct effect of THC on the heart. 2 In the same study a wide
array of CNS and non-CNS parameters were monitored after administration, THC had clear
do_se-denendent effects on postural stability, and body sway was found to be_a very reliable_
indicator of THC blood levels. The high densities of CB1-receptors found ln_the basal ganglia,
cerebellum amygdala and forebram may explain these observattons ‘ | |

In partlcular in mexpenenced users, THC can mduce unpleasant eifects mcludmg anxiety,

pamc and paran01a There are suggestlons thatin a small number of cases THC is capable of

prec:pltatmg psych051s involving delusions and haliucmatnn B these disorders exist they |

seem to be rare, because they most hkely require very high doses of THC, the prolonged use

of highly potent forms of Cannabis, or a pre-existing genetic vulnereatb:hty346 The causal link

between cannabls use and development of psychosis has not been deﬁmteiy proven, because
of the Iarge amount of parameters to be considered. However, there is enough reason to be
precautious and communicate these ‘suspicions’ in a fair and balanced vay. Although the
psychological effects caused by THC or Cannabis are a major drawback in their medlcal

apphcanons many physncal effects are already achleved below the threshold of psycholog1cal

effects.
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The effect that THC decreases intraocular pressure and improves blood circulation in the eye
was found serendiﬁitou’sly as part of a study that tried to find easy physiological markers to
screen drivers for driving under the influence of drugs. As a result, a variety of studies have
“targeted THC and other cannabinoids as potential new drugs in the treatment of glaucoma, the
leading cause of irreversible blindness. The neuroprotective properties of THC may elso_ be
useful in this respect, leading to a dual-effect in the protection of the retina and optic nerve.”
Anticonvulsant éffects have been described for psychotropic as well as non—psychoti‘dpie
cannabinoids, including: THC, CBD, CBN, 11-OH-THC and delta-8-THC. THC relaxes
muscles, and has hypokinetic and anticonvulsant effects. This is one of the major reasons
THC is studied as a treatment for multiple sclerosis, and it also may have mgmﬁcance in
epilepsy:

THC exerts an atropine— like effect on salivary secretion resulting in dry mouth; It afse causes
bronchodilatlon comparable to the standard drug salbutamol>*? This indicates there is a
potential for THC-like substances to treat asthma. However no recent studies have been
performed in this field

Receptors of the CB2 type are present on white blood cells, and affect the immune system,
‘which may be a reason why Cannabis is often used as self medication by immuno-
compromised individuals. THC is now considered an immunomodulator, capable of either
enhaneiﬁg or suppressing the function of a range of immune cells. These effects may be
modulated by other constituents present in Cannabis.*® Many described anti- inﬁemmatefy
effects of THC and other cannabinoids are pmhably mediated by complex mteractlons with
the immune system.

In early studies, THC was suggested to be mutagenic or carcinogenic. But in fact, an
increasing number of studics are 'showing its anti—cancer proeerties Currently there is
convincing evidencé that THC may play a role in the treatment of several types of cancer. In
addition to apopt031s and inhibition of prollferatlon THC might exert its antitumor effects by‘
inhibiting tumor anglogenesm and metastasis. However, there is some controversy here:
although THC has antlprohferatlve effect in tumors expressing cannabinoid receptors, those
with low or no expression suffer increased growth and metastasis due to THC-induced
suppression of the antitumor immune response.’® More research is needed to clearly identify
the therapeutic role of THC in cancer treatment, .'

A promising recent?:discevery is that THC relaxes the colon and reduces the colonic motility
328

and tone after a meal.”™ This points out the potential for CB receptors to modulate colonic

motor function in intestinal disease such as irritable bowel syndrome or Crohn’s disease.
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An i‘r_nportant aspect of the evaluation of THC effects is that it may have a biphasic_effect,
causing opposite effects at high versus low concentrations. For example, in hefty doses, THC
may protect the brain against various types of damage, whereas in tiny doses, potentially
adverse effects would come through..'77 The potentially.adverse doses would be much lower
than those normally obtamed from smoking a joint. However a large dose mevrtably becomes
a small one as the body slowly clears it out. This may expiam the many oonﬂrctmg results
obtamed in clinical studies on THC and Cannabis: many studies use low concentrations of

THC m order to prevent possible psychological effects in test subjects. Inadvertently these

low doses may cause exactly those adverse effects the study tries to prevent 7
4.2  Cannabidiol (CBD)

CBD is, together with CBG, the major non-psychotropic cannabinoid founo.in Caonabis. It is
the principal oannabinoid present in fiber-type Cennabis (in the form rof. its oarboxvlic ‘a‘cid
CBDA), a plant that is easily available to researchers, in contrast to the strictly controlled
drug-type Cannabis varieties. Second to THC, the pharmacologlcal effects of CBD have been
best studied of all cannabinoids. It has powerful anti-oxidant properties, more potent than |
ascorbate and a- tocopherol Also it has notable antiinflammatory and rmmunomodulaﬁory _
effects Furthermore sedatmg, hypnotic, antiepileptic, and antidystonic: effects have been
described. Also, CBD is a modulator of some types of opioid-receptors,®! and can modulate
sleep in rats. B2 | _
CBD was found to have anti-anxiety effects.”® In aclinical trial, oral administration of 400 mg
of CBD resulted in decreased aoxiety and increased mental sedation in test subjects. % It was
concluded that CBD possesses anxiolytic propertres possrbly mediated by an action on limbic
and parailmbrc brain areas, where it reduced regional cerebral blood flow. These anxiolytic
propertres might prove useful in psyeh_ratry. Possibly the most significant conclusion of this
study is that a dose as high as 400 mg of CBD had no adverse effects. CBD was furthermore
found to have anti-psychotic benefits.”

A promiment effect of CBD was found in a variety of cancer studies. In a mouse model of
metastatic breast cancer CBD reduced the aggressiveness of breast cancer cells, by inhibiting
a crucial profein for cancer development.®* The study concluded that CBD Tepresents the ﬁrst
nontoxrc exogenous agent that can 51gmﬁcantly inhibit metastatic breast cancer cells leadmg
to the down-regulation of tumor aggressrveness Currently there is a limited range of options

in treating certain aggressive forms of cancer. CBD offers the hope of a non-toxic. therapy that
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could achieve significant results without any of the bainful side effects associated with
standard therapy. Both in vitro and in vivo, CBD was able to produce a significant anti-tumor
activity on glioma cells This antiproliferative effect of CBD was shown to be correlated to
induction of apoptosis, which suggests a possible application of CBD as an annneoplastlc '
agent. Effects were partially prevented by a (non-psychoact:ve) CB2 receptor antagonist,
suggesting a role for CB2 in cancer treatment.® '

In another study performed on a panel of tumor cell lines with a varlety of plant-derlved
cannabinoids, CBD was the most potent inhibitor of cancer cell growth, ‘with 51gn1ﬁcantly
lower potency in noncancer cells. A cannabidiol-rich Cannabis extract was equipotent to CBD,
whereas CBG and CBC Hllowed in the rank of potency.® It was suggested that the observed
effect was due to the capability of CBD to induce apoptosis via cannabinoid receptors, or
cannabinoid/vanilloid receptor- independent elevation of intracellular Ca* and reactive
oxygen species. These data support the further testlng of CBD and calmabldloi-nch extracts
for the potential treatment of cancer.

In many Canhnabis varieties CBD is present in significant amounts.*® However, only since a
few years there is serious attention for THC/CBD interaction and this is mostly in studies on
multiple sclerosis. Earlier studies foc;using on the effect of THC alone have generally shown
the use of Cannabis to be ineffective in many disease models, and such negative results
unfortunately helped to shape the controﬁérsy in the discussion on the moral and ethical sides
of Cannabis use in i'muitiplc sclerosis and other diseases.’* ¥t is known that CBD inhibits the
metabolism of THC, by blocking its conversion to the more psychoactive 11-hydroxy-THC
by cytochrome P450 3A11.% Possibly this is the reason why CBD is known to antagonize the
psychotropic effects of THC.*® Even though higher doses of THC are capable of inducing
psychotic problems in some users, CBD seemns to have an anti-psychotic effect, its presence

balancing the negat:ive impacf of THC 'consumption This property of CBD is explonted in

the cannabis-based medicine Satlvex {discussed in section6.2).
4.3  Delta-8-Tetrahydrocannabinol (Delta-8-THC)

Delta-8-THC is a positional isomer of delta-9-THC with a similar pharmacological profile
and siightly lower psychoactive potency. Even though delta-8-THC has been very important
for SAR studies on the classical cannabinoids, not many bioactivity studies have been done
with the pure compbund. It is probably not produced by plant metabolism, but rather it is an

artifact caused by degradation of THC (section 2.3). In very low concentrations (0.001 mg/kg
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in mice, i.p. injection) it increased food consumption, more than THC, while performance and
activity of the animals were similar.>%’ This low dose is equivalent to about 0.1mg for an
average human, an amount that could easily be formed by degradation of THC during the
smoking of Cannabis (or be already present in aged plant material). Consequently, it could, at
least partially, be responsible for the “munchies”, a popular name for Cannabis induced
increase in appetite. B

In a rat study, it was found that behavtoral suppression by,delta-B-TH(z: was mediated by

activation of the arachidonic acid cascade via the CB1 receptor. o This may be a useful model

to study the amotivational syndrome in humans.
4.4  Cannabigerol (CBG)

CBG is one of the major cannabineids found in most Cannabis varieties. It has shown relevant

antibiotic effects,*!

and could decrease .intraocular pressure.>® CBG has been called
‘inactive’ when compared to THC, but it has slight affinity for CB1 receptors, approximately

equal to that of CBD.% ~Like CBD, it has analgesic and antl-mﬂammatory properties,

* indicating that there is scope for developmg cannabmmd—drugs whtch do not have the
psychoact_lve properties _of THC.**® In one study, * cannabigerol Was,evah:;gtgd‘ for antitumor

efficacy against mouse skin melanoma cells and showed a significant ir vivo activity using an

MTT based cell viability assay.
Of several cannabinoids tested, CBG had the strongest potency fo mhlblt platelet
aggregation.’>> However, in recent years no further studies have been reported on the

biological activities of CBG.
4.5 Cannabinol (CBN)

In 1940, CBN was the ﬁtst canoabiooid to be isolated and purified from Cannabis. Although
CBN is not produced by the .motabo_lism_ of the plant, it is easily formed from THC by
degradation during drying, storiné,, and consumption (heating) of Cannabis products.. As a
result, it may play a significant role in several effects ottributed to Cannabis consumption. It is
a very weakly psychotrooic cannabinoitl whose effect is only measurablo after infravenous

admlmstration Cannabinol has significant anttconvulsant, sedative and other phannacologlcal

activities hkely to interact with the effects of THC.*® It was shown to decrease heart rate

333

without affecting coronary blood ﬂow to decrease intestinal motlllty,334 and to mhlblt
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platelet aggregation.®*® Furthermore, CBN is a downregulator of NF-7B, thereby

counteracting the effects of THC, which increases NF-7B.%*
4.6 ~ Cannabichromene (CBC)

This cannabinoid has hardly been studied at all. However, in most Cannabis varieties
analyzed, CBC (in the form of CBCA) can be detected in significant amounts. CBC was
shown to have sedative effects. By itself t has only a low analgesic effect in mice, but it
increased the analgesic action of THC when administered together.>*” A Cannabis extract rich

in CBC altered Behavioral Despair on the Mouse Tail Suspension test of depression,”>
4.7  Tetrahydrocannabivarin (THCV)

Tetrahydrocannabivarin (THCV) is structurally similar to THC, except for a shortened
sidechain: it has a propyl (Cs) sidechain instead of a pentyl (Cs), and for a long time it was
thought to be a s[ightly less potent little brother of THC, exhibiting similar 'properties.:
However, quite unéxﬁect’ediy, there is evidence that THCV is a CB1 and CB2 receplor
antagonist.*® 'Althoﬁgh the mechanism of action is not vet fully understood, a very recent’
study suggest that' THCV, alongside standard CB1 receptor antagonists, has therapeutic
potential to combat diseases involving cerebellar dysfunction and hyperexcitability, such as

epllepsy
4.8 . The Acidic Cannabinoids

Isolated in 1955, CBDA was the first discovered cannabinoid acid, while CBCA was isolated
from Cannabis in 1968.'%3 Up to date, only sporadic reports have been made on CBCA or
CBDA, and rarely have the pure compounds been used for evaluation of biological activity.
As an exception to fhiS rule, pure CBDA was found to display a potent antimicrobial effect.**?
In a study examiniéng the composition of hemp seed oil and its potential as an important
source of nutrition,. it was observed that extracts containing higher concentrations of CBDA
displayed more prbnounced antimicrobial activity.'®* Because nowadays it is known that
seeds do not producc cannabinoids, the observed levels of CBDA must have resulted from

external contamination of seeds by the hemp flowers surroundmg it.
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Not much is known about the biological effects or human mefabol_;ism of the acidic
cannabinoids, but older studies at least indicate that the most common acidic cannabinoid,
THCA, is not psychoactive in monkeys.'®® CB receptor binding assays mdicate that the acidic
caﬁnabinoids, as.wel.l as their esters, are not binding, In the more potent varieties of cannabis,
THCA may be present in levels up to more than 20% of dry weight. However, a quantified,
highly pure standard of THCA, as needed for analytical research as well as studies on

biological effects, has not been available until recent years.. o1

Asa resu]t,;} the potential value
of THCA as an lmmuno—modulatmg agent has only been discovered very ijeco.antly_.'02 Further
studies on the biological aci:ivities of THCA, and on clinical formulation of this compound,
are currently under way.

The acidic cannabinoids -ar__f,: _biosynthesized by specialized trichomes, and stored
extr_acelh__xlarly, which may indicate they are cytotoxic. Therefore the toxicity of CBGA and
THCA, in suspension-cultured Cannabis cells and tobacco BY-2 cells, was compared with
that of olivetolic acid, the phenolic moiety in cannabinoids®®. In 10-day-old suspension-
cultured cells of C. sativa, 24 h treatment with CBGA and THCA at 50 pM caused 100% cell
death as demonstrated by trypah blue stain'mg, whereas olivetolic acid did not have any effect
on the cells. The same study alsé showed that both CBGA and THCA induced apoptosis not
only in plant cells but also in insect Gpodoptera frugiperda, S19) cells, suggesting that
cannabinoids may act as plant defense compounds. Since cannabinoid—p?roducing glandulaf_
trichomes are distributed in physically fragile young tissues of the Cannabis plant, THCA and
CBGA, and possibly other acidic cannabinoids, would protect these tissues from predators.
sﬁch as insects. This wé.s the ﬁrst report suggesting the physiological importance of THCA
and CBGA as apopt031s inducing defense compounds.

in a later study, lt was observed that besides THCA, also CBCA has the ab1hty to induce
necrotic cell death via mitochondrial .dysﬁmc_tlon in the leaf cells of the Cannabis plant
itself,'%
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5. NON-CANfVABINOID CONSTITUENTS OF CANNABIS

Besides some majot cannabinoids, no constituents derived from Cannabis plant material have
been deweloped for medical use. Nevertheless, there are several constituents or even w_hole.
classes of compounds that may play a Si‘gniﬁcant role in the observed effect of some
Cannabis-based pteparations. Many of these preparations are a part of self-medication by
patients, but they have not been stud:ed in controlled experlments

Cannabis contains a large number as well as a significant amount of ‘terpenoids. These
compounds can beeasily evaporated and are consequently inhaled by S‘niokin.g. Smoke of
Cannabis contains -a high level of carcinogens, tar and obnoxious gases (such as CO).
However, smoking of Cannabis (without tobacco) does ot seeini to be associated with lung-
disease. In contrast; there are even positive effects reported on asthma. It'is 'thou'ght that the
positive properties of the terpetioids aré at least partially responsible for this. Indeed, several
terpenoids identified in * Cannabis ‘have known anti inflammatory, anti-apoptosis or
néuroprotective effects (discussed in more detail in section 5. 1). Furthermore, Cannabls
terpenoids and flavonoids may increase cerebral blood flow, enhance cortical activity, and kill
respiratory pathogens.>’

Plants offer a wide range of chemical diversity and have béen a growing domain in the search
318

for effective cannabinoid receptor ligands>'® An i mcreasmg ‘number of natural compounds
from ‘other speties is found to bind to the CB receptors. An exciting dlscovery was that certain
isobutyl analogs of anandamide from Echinacea Species‘: constitute a new class of
cannabinomimetics, which specifically engage and activate CB2.3!5316 More recently, the
ubiquitous sesqulterpene beta-caryophyllene was found to bind to CB2.>'7 Relatlvely high
concentrations of th1s compound can be found in many plant species, mcludmg Cannabis.

The examples mentloned above illustrate the limitations of focussmg solely on the
cannabinoids. Even:though many cannabis constituents are found ubiquitous in other species,
many of them have only been poorly characterized. At the same time, we have strong
indications that the:biological activities ascribed to Cannabis use cannot be explained by the
presence of cannabinoids alone. The following sections will therefore list the most relevant
non-cannabinoid constituents found in Cannabis. For a complete overview of compounds

found in Cannabis materials, see *>%!3%
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3.1  Terpenoids

Terpenoids make up a Iargc perccntége of the essential oil of Cannabis satéva L. To date more
than 120 terpenoids have been found in Cannabis, including 58 monoterpenoids, 38
sesquiterpenoids, one diterpenoid, two triterpenoids and four other terpenoids. Two excellent
reviews have been published sumroarizing these cofnpoundc and how theylwere identified.**2
Terpcnonds display a wide range of biological activities and hence may piay arole in some of
the pharmaccloglcal effects of various Cannabis preparations. _

lWhile cannabinoids are odorless, the volatile mono- and sesquiterpenoids ;arc the compounds
that give Cannabis its distinct smell. The‘ sesquiterpenoid B-caryophyllene-‘cpoxide (figure 11),
for example, is the main compound that scarchdogs are trained to rccogmze s Only one
unusual terpen01d can be found in Cannabis: the monoterpencid m-mentha-1,8(9)-dien-5- ol.
All others can be found ublqultously in mture. For this reason the terpenoids of Cannabis did
not receive much scientific interest, until it was found that the terpenoid profile of Cannabis

products can help in determining the origin of Cannabis in custom seizures.' '

Figure 1 1: Two special terpenoids found in cannabis

H" H -

B-caryophy-llene-cpoxide m-mentha-1,8(9)-dien-5-ol

3.1.1 Biosynthesis and composition of Cannabis essential oils

The terpenoids in Cannabis are frequently extracted from herbal material by steam distillation
or vaporization. Typical yields of the terpene essential oils from fresh pIant material range
from 0.05-0.29% (v/w).>” The essential oil of Cannabis is mainly composed of mono- and

sesquiterpenoids with monoterpenoids dominating. Since selfadministered Cannabis plant
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material is usually consumed as an (air)-dried product, the change in terpenoid content and
concentration in relation to the fresh plant material is important to note. It has been reported
that the essential oil content of a Cannabis plant changed from 0. 29% essential oil (v/w) in the
fresh product to G.8% (v/w) after one week of drymg, as a result of water loss. Followmg |
storage at room temperature for up to 3 months ina paper bag the total essential oil was then
reduced to 0.57% (viw). Furthermore it ‘was observed in the essential oil that the relative
percentage of monoterpenoids decreased while the relative percentage of sesqmterpenmds
increased.!!’

Envuonmental COI’ldlthIlS such as plant densnty, harvest time, pollmatlon and climate
conditions may all’ play a role in composmon and yleld of Cannabis essential mls "% The
cultivar of the plant also plays a role in the terpenoid composmon A study that analyzed the
terpencnds of 157 different strains of Cannabis from various known origins found statlstlcally |
significant differences in ‘terpenoid composition. Even though ‘these differences were not |
always indicative 6f what chemotaxonomic type the Cannabis strains bel_onged to, it may play

arole in differential medicinal effects.!!?
5.1.2 Biological activities of terpenoids

The observation that whole Cannabis extracts may produce effects greater then expected from

THC content alone,” has led researchers to postulate as to what other components in Cannabis
could be responsible for enhancing or modulating the effects of THC. The terpenoids present
in Cannabis display a wide range of biological activities that may be involved in regulating

the effects of THC as well as producing their own unique pharmacological effects.’” An

overview of some of the known blological activities of terpenoids that have been identified in
Cannabis is shown in table 3. '

Some undesired side effects of THC may be decreased or modulated in the presence of

terpenoid compounds. For example, THC is known to cause acetylcholine deficits in the

hippocampus, which may lead to short term memory loss. This effect can be alleviated in rats

by administering tacrine, an alkaloid which inhibits acetylcholine esterase, the primary

enzyme involved in the breakdown of acetylcholine in cholinergic receptors.®’ Indeed, tacrine

has blockcd THC-induced memory loss behaviorl in rats. Interestingly, many of the terpenoids .
present in Cannabis display similar acetylcholine esterase inhibition, including pulegone,

limonene, limonene oxide, a-terpinene, ?-terpinene, terpinen-4-ol, carvacrol, } and d-carvone, .
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1,8-cineole, p~cymene, fenchone, and pulegoneal,2-epcvxi§:1e.31r For this reeson, terpenoids are
investigated for the treatment of Alzheimer’s disease.

THC has been known to cause negative psychological reactions such as anxiety and
de;ﬁersor.la!izatin:m.‘”S Some of these effects may again be alleviated by the terpenoids present

in Cannabis, because of their sedative and antidepressive effects.>” Cannabis terpenoids such

as linalool, citronellol, and a-terpinene were shown to have significant sedative effects, as

indicated by decreased acti\_.'ity in a Mice Motility Model after inhalation of these
compounds. 122 Limonene is a common component of Cermabis essential oil,''? and it was
shown to have a strong antidepressant effect by mhlbltmg the secretlon of HPA stress
hormones and normalization of CD4-CD8 rat10s.'23 Limonene is also under mvestigation as
an antlmutagemc compound due to its multiple anti-carcinogensis mechanisms. These effects

may reduce some of carcinogenic effects of compounds present in Cannabis smoke.”

Table 3. Summary of Terpenoid Biological activity 37.317

Terpenoid Krown Properties

B-myrcene . Aunalgesic, anti-inflammatory, ant:b:ot:c
antimutagenic

B-caryophyliene anti-inflammatory, cytoprotective; antimalaridl, CB2 -
agonist

d-limonene : ' ' Immune potentiator, antidepreséant, antimutagenic,

linalool Sedative, antldepreSSant anxmlytcc immune
potentiator

pulegone Acetyicholincsterase (AChE) mhlb:tor sedative,
antipyretic

1,8-cincol ACHE inhibitor, stimulant, antibiotic, antiviral, anti-

’ inflammatory, antinociceptive

a-pinene anti-inflammatory, bronchodilator, stimulant,
antibiotic, antincoplastic, AChE: inhibitor

a-terpineol Sedative, antibiotic, AChE inhibitor, antioxidant,
antimalarial

Tetpineol-4-ol AChE inhibitor, antibiotic

p-cymene Antibiotic, anticandidal, AChE inhibitor
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Cannabis and Cannabis extracts are used in pain relief, % Although many of the pain rehevmg
properties of Cannabis have been attributed to cannabinoids, terpenmds present in Cannabls'
may also exhibit pain relieving effects. One of the most abundant terpenoids in Cannabis is -
myrcene,' 7 which éxhibits a potent analgesic effect as well as anti- inﬂarﬁmatory effect 124125
Other terpenoids present in Cannabis, such as carvaorol; exhibit a potent_ antiinflammatory
effect, even greater then that of THC.!%¢ |
Cannabis extracts are known to effect blood brain barrier (BBB) permeablhty,m thereby
potentially altering‘the pharmacokinetics of THC and other cannabinoids. Since terpenoids '
~ are well known to interact with lipid mem.brane.s, they may be responsible for this observed |
activity. Terpenoid's have also been shown to increase cerebral blood ﬂow whloh may
enhance cogmtwe brain functions in a way similar to’ ginkgolides in Gmkgo b:loba

Terpenoids known to be present in Cannabis have a variety of antimicrobial effects mcludmg
antibacterial, antifungal, antiviral, and antimalarial activity. Besides the general health
promoting effect of these antimicrobial activities they may also be important in reducing the
dangers of recreational smoking of herbal Cannabis.contaminated with microbial organisms.>”
\A. number of studies_ have investigated the antimicrobial effects of Cannabis essential oil.K129
One conclusion was that terpeno'ids' from hash oil (obtained from drug-cultivars of Cannabis,
high in THC content) displayed an antimicrobial effect which was greater than essential oil
derived from fiber cultivars.!*°

Finally, terpenoids present in Cannabis. may play an important role in the chemical ecology of
the plant. For example, they have been shown to be involved in the pesticidal properties of the
Cannabis plant.>’ Teroenoids have been detected in the pollen of male Cannabis plants which
may play in important roleé in either 'aftracﬁng organisms involved in pollination, or in

repelling harmful organisms. >4
5.2 Flavonoids -

In total 23 -ﬂavono-ids lave been reported from Cannabis.!*> Some bioactivity studieé have
been performed on flavonoids from Cannabis, although not nearly as much as on the
cannabinoids or terpenoids, Much has been speculated about the role of these compounds in
the therapeutic effeet of Cannabis. They are often believed to synergistically enhance some
beneficial effects, or reduce unwanted side effects of cannabinoids when Cannabis is taken in

a crude form. Much. remains to be learnt about these flavonoids, not only related to their effect
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on consumers of Cannabis but also on their role in the plant, and how vérious factors affect
their biosynthesis and distribution in the plant. ‘ _ ‘

Flavonoids have been extracted from the leaves, 138,139 flowers, !0 pollem"H and stems'*? of the
plant. The aglycones or conjugated O-glycosides of kaempferol quercetm apigenin and
tuteolin have been found, as well as the C-glycosides of vitexin, 1sov1tcxm arientin and thelr
O—glycosudes4 1% Two flavonoids are so far unique to the Cannabis pIant these are the

prenylated ﬂavonmds called cannflavin A and B,"*""*® a5 shown in figure 12.

Figure |2: Structures of cannflavin A and B.

. zannﬁaum,B

In older studies, flavonoid glycosides were hydrolyzed with acid to yield aglycones, before
identification These were characterized with UV spectral properties and behavior in various
chromatographic systems.'*>'* The result is that for the glycosides, the exact number and
linkage positions of the sugar moieties are mostly not known.* In a few later studies additional
spectroscopic techniques were used to defermine the structures of these flavonoids more

precisely.' #1145

5.2.1 Biosynthesis of flavonoids in cannabis

Although the flavonoid pathway has been extensively studied in several plants, there is no

specific data on the biosynthesis of flavonoids in cannabis. However, the general pathway for
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flavone and flavonol biosynthesis as it is expected to occur in cannabis is desﬁribed by 3!
There is currently no evidence indicating the presence of flavonoids in glandular trichomes.

A few studies have investigated differences in flavonoid content between different strains of
Cannabis. Clark ef al.'¢® investigated the flavonoid content of 53 dlﬂ"erent Cannabis varletles
grown from seeds from 9 different countries, and found corsiderable plant to plant variation.
The distribution of flavonoids in different varieties followed a pattern based on agronomic use,
with clear differences between high-cannabinoid and low-cannabinoid producing strains.
Vanhoenacker et al.'®® found that cannabinoid-free Cannabis did not produce prenylated
flavonoids in leaves or flowers, indicating that the biosynthesis of ﬂavonmds in Cannabis may
be linked to that of cannabinoids, and therefore these two blosynthetlc pathways may be
competative. Not much is known about how biotic and abiotic factors influence levels and

distribution of flavonoids in Cannabis.
5.2.2 Biological effects of flavonoids

Flavonoids have mény roles in the physiology of plants. They provide plant pigmentation and
flavor, are involved in plant growth and development, provide resistance to pathogens and
predators, as well as protecting against harmful effects of UV radiation 46147

Flavonoids also show a large variety of pharmacological and biological activities.'*® As
- phenolic compounds, they can act as ‘metal chelators and free radical scavengers, and more
recently much attention has been given to the rok of flavonoids as antioxidants.!*® 150 151
Flavonoids. are able to modify the activities of many enzyme systems in the human body, and
have been shown to alter the function of various cell types in mammalian cell systems.'®?
Many of these propertics are related to immune functions, cellular transformation, and tumor
growth and metasta‘:s_is. Other biological activities reported include anti-bacterial, anti fungal

and antiviral effects,!>>1%4

Segelman ef al'®’ isolated orientin and two flavone C-glycosides {orientin-2"-O-D-
glucopyranoside and vitexin-2"-O-B-D-glucopyranoside) from a Mexican strain of Cannabis.
These compounds were tested in a rat Lens Aldose Reductase enzyme assay, and found to
have inhibitory properties against this enzyme, that is implicated in the pathogenesis of
cataracts in humans with diabetes and galactosemia.

In a recent review of the chemistry and pharmacology of marijuana smoke '°?, no mention is
made of flavonoids in Cannabis smoke. Nevertheless, it is likely that some flavonoids are

present in Cannabis smoke. Most authors cite the work of Sauer et al.'*® who assumed the
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estrogemc effect of maruuana smoke condensate was due to the presence of aplgemn Lee et

al.'8 also tested mari_]uana smoke condensate for estrogenic effects, and went further by
fractionating it to find out which components were responsible for the observed effect. They
identified plenol and one phenolic derivative in the active fraction, but no flavonoids were 7

found.
3.2.3 Thempeutic_ potential

Flavonoids may be itnportent for the overatll therapeutic effect of THC and the other
cannabinoids by either synergistically enhancing them, or by reducing thelr side effects.”’
Flavonoids may counteract some unwanted effects caused by THC, such as the upregulation
of tumor necrosis factor-alpha (TNF- a) 340 Flavonoids are particularly adept at inhibiting
cytochrome P450 (CYP) monoxygenase enzymes, thereby potentially altering the
pharmacokinetics of THC, which is converted into tl-hydroxy—THC by the same enzymes.
Such CYP-suppressing flavonoids may there_fore act as chemoprotective agents by blocking
the conversion of procarcinogens t;ucﬁ as benzofo]pyrene and aﬂatoxiu Bl, two harmful
agents potentially found in cannabis smoke, as a result of contamination of herbal cannabis
with moulds.

Some flavonoids isolated from Cannabis have been tested: for pharmacological effects.
Cannflavin A and. B were fund to inhibit prostaglandin E2 in human rheumatoid synovial
cells. Cannflavin A did so with 30 times more potency than aspirin.'>® Cannflavin A inhibited
cyelo-oxygenase and lipoxygenase enzymes and thus had anti- inflammatory properties.!> It is
perhaps not surprising that these compounds show strong bioclogical activities, because
substitution with a prenyl group increases lipophilicity of flavonoids and give the molecules
strong affinity for biological membranes.i“ Prenylated flavonoids are atlrac_tiug. increasing
attention from the scientific community because of their potent anti-oxidant and anti-cancer
effects, and their potential for treating menopausa} problems.** Therefore, it is possible that
the cannﬂavms will in the future be shown to possess more biological properties.

Clinical studies on flavonoids have shown that often very little unchanged aglycone is present N
in human plasma, but that conjugated metabolites such as glucuronic acid conjugates are.
present at high corcentrations. 160 The bioactive forms in vivo may thus not be the naturally
occurmg phytoehemlcal forms but rather their metabolites derived from them after absorption
in the body“ss The uptake of ﬂavono:ds and then’ in vivo metabohtes are also different for

different cell types. Consequently, the concept of oral bloavallabtllty and _activity of dietary
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flavonoids is clearl& a complex topic. Nonetheless it is possible that flavonoids in Cannabis

taken orally hawe potential beneficial effects.
53 Hemp Oil

When Cannabis is ‘cultivated for the production of fiber or seeds, only specially selected
varieties with a very low THC content are legally allowed to be used. In that case, it is usual
to use the term hémp instead of Cannabis (see section 1.1). In recent years, scientific
knowkdge on the composition and benefits of hemp oil has increased significantly. The oil of
Cannabis seeds has been promoted as a good source of the healthy polyunsaturated fatty acids,
and may be considered a sustainable alternative to fish-oil. As a result, public awareness of
these properties is increasing, Cold- pressed, unrefined hemp oil is light green, with a nutty,
grassy flavor, whlle refined hemp oil is clear with httle flavor. It is widely used in body care
products, lubricants, paints and industrial uses, while its antimicrobial properties and

emollient effect make if a useful ingredient for soaps, shampoos and defergents.
3.3.1 Production methods

Hemp oil is obtained from matire hemp seeds, grown outdoors.'”® ‘Some classical hemp
varieties have beeni reported to readily yield 500-1000 kg seed/ba, with even higher seed
yields being reported from newer cultivars. Hemp is pollinated by wind, which may result in
an erratic pattern of pollination, with sonie flowers being poltinated days before other flowers
on nearby plants. Asa result, the seeds do not all ripen simultaneously, and at the moment of
harvest a prop’ortiof; of the seeds méy still be unripe or green. Because over-ripe seed will fall
from the plant and hence will be lost for harvest, it is not economically feasible to wait until
all seed is ripe, and a certain proportion of unripe seed in the harvest can not be prevented. |
Unfortunately, the presence of green seeds may give rise to a decreased oil quality.

Afier harvest, the seed is dried to reduce its moisture content, which also prevents sprouting
during storage. The material is fed in batches toa hydraulic screw press and a'high pressure is
progressively applied, avoiding large changes in the temperature. Hemp seed contains about
30-35% oil by weight. As about a third of the oil remains in the seed cake, the pressing is
usually repeated, alfhough the oil obtained in this way has lower quality.'”*!"! Finally, the oil
is fiitered to remove solid partlcles Chlorophyll and the carotenoid plgments found in mature

seeds provide the natural dark green color to the oil.
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Most commercial food oils are exiracted with the use of organic solvents or elevated
temperatures. In contrast, hemp oil is considered to be a relative unstable product, and is
mainly extracted by cold-pressing metho.ds To maintain the native qualities of this product,
further reﬁnmg procedures are usually minimized. Some processing is sometimes applied in
order to increase yleld For example mlcrowave treatment of hemp seed jmproved oil yield,
and increased carotenmd and other prgment contents without causrng changes in fatty acid
composrtronm Furthermore, it shlﬂed the melting range. of oils to lower temperatures and
increased oxidation temperatures,__sugges_tmg increased protective effect upon mrcrowave,
heating, - ' “ | |

Hemp oil contains a hlgh proportron of polyunsaturated fatty acids, 173 and the double bonds
that provrde such unsaturatlon can be degraded due.to oxidation by exposure to air, light
andlor clevated temperatures At temperatures above 200 °C, undesrrable trans-fatty acids are
gradually formed which may iead to formation of aldehydes causing the oil to become rancid.
As a result, it is generally recommended that hernp oil should not be used for frying or baking,
but preferably should be consumed cold. 170,174 In contrast, esults obtained by Molleken,”s :
who subjected hemp oil to a series of heat treatments before analyzing the fatty acid -
composition, showed that the stability of hemp oil is much better than generally assumed:
trans-fatty acids were not formed under normal cooking conditions, and heated native hemp
oils were quite stable under high-temperature conditions (up to 250°C), presumably because
of the presence of 51gnrﬁcant amounts of the antioxidant gamma-tocopherol Nevertheless,
industrially produced hemp oil is bottled under a nitrogen atmosphere into dark bottles to
prevent oil degradation, and for longer storage, freezing is suggested.; Exira addition of

tocopherols is recommended as preservative for hemp oil_.”r6
5.3.2 Composition of hemp oil

Hemp seed typically con_tains about 25% high quality protein and 35% fat in the form of an
excellent quality oil. It has a remarkable fatty acid profile, being high in the desirable omega-
3 fatty acids and also delivering some gamma-linolenic acid, which is lacking in the average

t174

Western diet.” ™ Hemp oil is generally considered as healthy, together with other edible oils

such as flax oil, linseed oil, fish oil and canola oil. However, only hemp oil typically contains
50-70% linoleic acid (LA, an omega-6 fatty acid) and 15-25% alpha linolenic acid (ALA, an
170

omega-3 fatty acid), ™ which is roughly i in the 3-to-1 ratro that matches our nutrltronal needs

(see below) LA and ALA are essentral fatty acrds meamng they can not be made by human
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metabolism and must therefore be obtained through the diet, as they are necessary for growth
and maintenance of cell membranes. Oleic acid and saturated fatty acids both make up about
another 10% of the oil.”

Furthermore, hemp oil provides significant amounts of some higher fatty acids such as
gamma-linolenic acid (GLA; 18:3; omega-6) and stearidonic acid (SDA; 18:4; omega-3).!™
Although work by Ross e al. '”® showed no sligoiflca'nt difference in the fatty acid
composition of the oil generated from drug or fiber type seeds, the content of such higher.fatty'
acids may vary considérably with variety, climate and growing conditions. The content of
GLA in hemp oil is 1-6% in most varieties,'”™'”> but the tropical hemp varieties do not show
significant quantities of it. The highest concentrations of GLA ahd SDA in hemp oil were
found in varieties adapted to northem latitudes.!” In some hemp varieties the omega-9 fatty
acid eicosenoic acid (EA; 20:1) is present in amounts up to 0.5%,!7%17 however most
varieties typically show less than 0.3%. '

Besides fatty acids , ' moderate to high concentrations of the vitamin E are present in hemp oil

as well as small amounts of phytosterols, phosphohplds chlorophyll carotems, and several

minerals.?’
5.3.3  Therapeutic potential

Many edible oils (e.g. hemp, sunflower, soybean, pumpkin and canola) contain significant
amounts of the health-promoting omega-6 fatty acid LA (figure 13). However, only some of
these oils simultaneously provide significant amounts of the omega-3 ALA. It is import:int to
notice that only hemp oil provides a ratio of LA to ALA close to 3:1, which is suggested as
optimal for human nutrition 70177180 Furthermore, hemp oil contains GLA and SDA. No
other edible plant oil has these nutritional advantages and consequently, health benefits.

The unbalanced intake of omega-6 and omega-3 fatty acids is associated with many chronic
diseases such as cardiovascular disease, diabetes, cancer, obesity, autoimmune diseases,

rheumatoid arthritis, ssthma and depression '*!

The average Western diet provides a ratio of
omega-6 to omega-3 of about 15:1. Because the eicosanoids (human lipid messenger
molecules involved in many body functions) that are metabolically derived from omega-6 are
generally pro- inﬂaﬁ_imatory, this relative overconsumption of omega-6 fatty acids may lead to
a cascade of health compromis.i'ng effects. These include oxidation of low density lipoprotein,
a decrease in bleeding time by decreasing platelet aggregation, a decrease of peripheral blood

pressure, interference with the incorporation of polyunsaturéted fatty acids in the formation of
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membrane phospholipid bilayers, and to allergic and inflammatory disordeirs and formation of
thrombi and atheromas contributing to an increased incidence of cardiovascular disease.'®!

In contrast, omega-3 fatty acids, through their eicosanoid metabolites, have been shown to
result in lower blood pressure and blood cholesterol levels, playing an important role in the
prevention and treatment of coronary artery disease, cancer, and hypertension. Moreover, they
help normahze fat metabolism and decrease insulin dependence in diabetics. They also
increase overall metabolic rate and membrane fluidity, and exhibit. anti inflammatory
propertles specifically with regard to rehevmg arthritis, 180,182

Nutntlomsts suggest that daily reqmrements should range from 918 gram of LA and 67
gram of ALA, which would be equlvalent to the consumption of 3 to 5 tablespoons of hemp
oil. However, mdmduals who consume a diet hlgh in saturated fatty acids or frans-fatty acids

will requlre more as well as people who are overweight or under great stress, /04180

Figure |3: Typical fatty acid composition of vegetable oils. _
Source: {Leson G, Pless P, Roulac ). Hemp Foods and Qils for Health. Sebastopol, CA: Hemptech,
I999] g Reprmted with permlssmn
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5.3.4 Cannabinoid contamination of hemp oil products

Although no cannabinoids are metabolically produced by the hemp seed itself, they may be
detected in hemp oil, because cannabinoids as well as other components present in the resin
may be transferred from the flowers and leaves onto the seeds, and subsequently to the oil
during pres:sing. Thorough cleaning of the seeds, including dé-hulling, and the use of varieties
with a iv'ery low THC content (those containing less than 0.3 % THC in the upper third of
flowering plants) are ways of preventing such contamination?’ Certified low THC hemp seed
is currently available from-Canada, Europe, and China and is under development in Australia
and the United States. Today hemp is grown throughout the world - except in the United
States, where it is 'illega'l to grow the plant but not ilegal tormanufacture and sell products
made from. it. '

Because hemp oil is produced for applications in food, the fear exists that the oil may be
contaminated with significant amounts of the psychoactive component THC. As a result,
production field of hemp are systematically sampled, and also the final hemp oil must be
subjected to thorough mandatory testing by certified methods. Depending on the hemi)
varieties used, the amounts of THC detected can vary. In the case of hemp oil from Chinese
and European seeds an excess of 100 ppm have been observed.'”” However, quantities
observed in hemp oil are usually so small that there is no possibility of intoxication and hence
no potential negative effects on human health. In order to ensure the safety of hemp prodﬁcts
{oil and other), strict legal limits have been set for the level of THC allowed, rangmg from 10
ppm in Canadza to 50 ppm in Switzerland.'®?

Drug tests conducted in the perlod 1995- 1997 showed that consumptlon of hemp oil from
cannabis varieties producmg more than 1% THC may in fact result in detectable amounts of
THC metabolites in urine, detected by i lmmunoassay screenmg tests at the 50 ppb cutoff.'®*
Other studies show that an mgestlon of up to 0 6 mg TI-IC/day, the equivalent to 50-100 ml of
typical hemp seed oil, is not likely to produce positive results when analyzing by GC/MS (gas
chromatography/ mass spect:romeﬁy) methods, This amount is even less likely to produce
positive results at.jthe 15 ppb cutoff used in US fedefal'drug testing programs. Use of
cosmetics based od hemp oil did not result in positive urine tests for marijuana use. The
minimal amounts of THC in hemp oil are probably not absorbed through the skin and/or do

not cause any relevant uptake into the bloodstream.
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5.4 Other Components Found in Cannabis

Beides the major classes of compounds described above, some other classes are worth
mentioning as well. They will be described shortly in the following sections. An excellent
review of the functions, occurrence and biosynthetic pathways for the production of these

minor coinponénts of Cannabis sativa has been given by Flores- Sanchez et al 3%

Figure 14: The structures of the Cannabis alkaloids Cannabisativine and Anhydrocannabisativine

( +)-Cannabisativine
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Anhydrocannabisativine

5.4.1 Alkaloids and nitrogenous compounds

In cannabis 27 nitrogenous compounds have been detected, of which 10 have been identified

as alkaloids.**? Some of the more unusual constituents of Cannabis include an amide forméd
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between p-hydroxy-(trans)-cinnamic acid and 2-(p-hydroxyphenyl)-éfhylamihe, which was
isolated from the roots of Mexican Cannabis, and the spermidine-type alkaloids
cannabisativine and anhj(dro-cannabisativine (see figure 14), isolated from the roots and aérial |
parts of various Catinabis strains.*

Other .interesting alkaloids include choline, neurine, L(+)—isoleucine-betaiﬁe and muscarine
(protoalkaloids); tiordenine (a phénethylafnine) and trigonelﬁne (a pyfidine). The
concentration of choline and newine fom dried roots was only 0.01%.%%® The presence of
muscarine in canﬁabis plants has lafer been questioned.’®® Methods for synthesis of
cannabisativine 37 as well as fhe bibsynthesis of choline and étfopiné by hairy roo.t cultures of
C. sativa®"! have been reported.

Although alkaloids ‘are generally considered to be a most interesting class of compounds for
biological activity, there is currently no relevant informatibn on the pharmacological profile
of these Cannabis alkaloids. Some studies suggest pharmacological activities of smoke

condensate and aqueous or crude extracts containing cannabis alkaloids,>"%*"

'5.4.2 Non-cannabinoid phenols

Twenty five non-caimabinoid (and non-flavonoid) phenolé were identified in Cannabis. These
include simple phehols such as eugenol and related phenols, dihydrostilbenes or bibenzy!
compounds (e.g. canniprene), dihydrophenanthrenes and spiro-indans (e.g. cannabispiran,
cannabispirenone). ‘The dihydrostilbenes and spiroindans are closely related, and they
possibly have the same biosynthetic origin. Several spiroindans have only been found in
Cannabis'®’,

Only recently, the phenanthraquinone -denbinobin (figure 15) was identified in Cannabis
extracts, First isoléted from Ephemerantha lonchophylla, this compound inhibits nuclear
factor-7B and causes apoptosis in human leukemic cells via reactive oxygen species.
Furthermore, in a concentration-dependent manner, it induces apoptosis in human leukemic

cells via Akt inactivation, Bad activation, and mitochondrial dysfunction.'
5.4.3 Stilbenoids

Nineteen stilbenoids have been identified in cannabis.** They have been isolated from stem,
leaves and resin.*”® Studies have reported antibacterial activity for certain cannabis

stilbenoids.3™ It has been suggested that their biosynthesis could have a common origin, with
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dihydroresveratrol as a central intermediate.’*® However; m comprehensive reports about the

biosynthesis of spirans or about the regulation of the stilbenoid pathway in cannabis currently

exist.

Figure 15: The structure of the Cannabis phenanthraquinone Denbinobin

S5.4.4 ﬁignanamidés and-pheﬁolic amides

Canna'bis. fruits and roots have yielded 11 compounds identified as phenolic 'amides. and

323

llgnanamtdes The phenolic amides include N- -trans-coumaroyltyramine, N-trans-

feruloyltyramme and N- trans—caffeoyltyramme the llgnanamde group includes cannabisin-A,
-B, -C, -D, -E, -F, -G and grossamide. In general, lignanamides belong to the lignan group,
and the cannabis lignanamides are ciassiﬁéd as lignans of the ary]naphfhaléﬁe derivative type'

The phenollc amides have cytotoxic, anti- mﬂammatory, antmeoplastlc card;ovascular and
mild analgesm activity. For the lignanamides gmssamlde cannablsm-D and -G a cytotox1c

activity was reported.’ 3

The presence and accumulation of phenolic amides in response to
wounding and UV light Sﬁggest_s a chemical defense against predation in plants.’> For the
Iignanarﬂides cannabisinnBand-Da botent feeding deterrent activity was rep.orted.:f23 _
The structures of the lignanamides and phenolic amides from cannabis suggest condensation
and polymerization reactions in their biosynthesis starting from the precursors tyramine and
CoA-esters 6f coumaric, caffeic and coniferic écid. However, it has also been sugg'ested that
these lignanamides could be isolation artifacts.>’%*"?  Further biosynthesis studies are

necessary to elucidate their origin.
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6. CANNABIS AS A MEDICINE

The clinical potential of the cannabinoids is large; some people suggest that Cannabis could
be the “aspirin of the 21¥ century”, pointing out the impulse secondary metabolites from
cannabis may give to contemporary medicine However much of the evidence for the
medicinal use of cannabis or cannabmmds is anecdotal and it furns out to be very chalienglng
to confirm many of these findings by clinical trials. Also it is ofiten unknown which
constituents are responsible for the effects observed after administration of herbal cannabis or
extracts. The lack ‘of appropriate animal models with the complex1ty of the human brain
hampers the study of the behavioral effects of these compounds Therefore, experimental
studies have concentrated on measurable physiological effects, and, as a result, the
understanding of the underiyihg biology is only slowly improving. But despite these
limitations, a number of cannabinoids of natural as well as synthetic origin have been
developed for clinical use; most often as agonists or antagonists of CB-receptors. These
compounds are often the result of extensive studies on structure act1v1ty relatnonshlps
performed on the phytocannabinoids, their chemical derlvatxves and their metabolites. The
clinical evaluation: or development of the nor-cannabinoid constituents_ of Cannabjs is
. N : _ o . B

Although the structure of THC was eluc:dated by means of NMR—spectroscopy already in
1964, relatwely 11ttIe chmcal research took place for a long time. Research on the medicinal |
potentlal of cannabmo1ds got a new unpulse after the discovery of the cannabmmd receptors
in the 1990s. Durmg the extended period between these two events, the cannabmmd character
of a large variety of compounds was assessed through a panel of in vive assays, one of the

earliest being the dog ataxia test.2’

However, the most widely used set of assays was known
as the cannabinoid tetrad 54 which comprised four different behavioral tests performed mostly
in mice: dlmmutlon of temperature (hypothermia), unmobtllty ina multlple photoelectnc celI
| chamber (diminution of locomotion), a ring test or bar test (catalepsy), and a hot—piate or tall—
flick test (analgesia). A positive response in_ all four tests was the criterion to consider a
compound as a ‘classical’ cannabinoid. To date, actiuity in this mouse behavioral battery has
been a reliable predictor of psychotomimetic activity'in hunans. Nowadays, it is understood
that the observed effects in the cannabinoid tetrad can in fact be attributed to CB1 activation
Cannabis preparations have been employed in the treatment of numerous diseases, with
marked differences in the available supporting data. Clinical studies with single cannabinoids

(natural or synthetic) or whole plant preparations (c.g. smoked Cannabis, encapsulated
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extract) have often been inspired by positive anecdotal experiences of patients using crude
Cannabis products for seif-treatment. The antiemetic,”® appetite 'c-,nhanc_ing,259 analgesic?*°
and muscle relaxant effects,”®! and the therapeutic use in Tourette’s syﬁidrome:,262 were all
discovered or rediscovered in this manner. Incidental observations have also revealed
therapeutically useful effects. The discovery of decreased intraocular pressure with THC
adfninistration, potentially useful in the treatment of glaucoma, was made serendipitously
during a systematic iﬁvestigation of healthy Cannabis users.”®® However, _anecdotes as to the
efficacy of Cannabis or THC in indications that have not been confirmed in controlled studies
havé to be judged with caution. Nevértheless, the therapeutic potential c;_f cannabis and the

cannabinoids is large.
6.1  Therapeutic Potential of Cannabinoids

The therapeutic potential of cannabinoids can be clarified by pointing out the central

physiological importance of the endocannabinoid system, as described . in section 3. The

cannabinoid system is involved in a wide range of physiological functions and might be

related to a general stress-recovery .system. One yet unproven but mtrgguing idea is that
endocannabinoids may set the ‘analgesic tone’ of the body, with the level of their production

acting as a kind of pain the:rrnc»stat..294 It is likely that such a system relies on _the combined

activities of a range of compounds. Strategi‘es to. _modulaté éndo_cannabingid activify include

inhibition of re-uptake into éells and inhibition of their degradatioﬁ to iﬁcrease concentration

and duration of action. The effect of phytocannabmmds mteractmg with such an
endocannabmond system could be on multiple levels, other than receptor binding alone. Some
of such interactions have already been descrlzbed.z_94

The phyto.cannabinoids make up a significant group of compounds with diverse properties,
and even based on the limited data available it may be expected that at least several of them
have therapeutic potential. Mbst known cannabinoids have been tested to describe their
relative (psychoactive) potency in comparison to THC, either in receptor binding assays or in
TI-IC—spéciﬁc assays. However, testing non-THC cannabinocids as serious candidates for new
leads can sometimes lead to completely counter-intuitive results, as shown in the case of
THCV: although is psychoactive potency is roughly similar to THC(about %) 4291 later in
vivo testing surprisingly showed that THCV should rather be considered an antagonist of THC

activity.96
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An exciting notion is that phytocannabinoids, and possibly non-cannabinoids present in the
plant, may exert théir effect independent of cannabinoid receptors altogether. In this resbect,
most studies are focused on the interaction between cannabinoids and fﬁe opioid system. It is
becoming increasingly clear that crosstalk between the cannabinoid and the opioid system
“exists '*7, but our 'linderstanding of this field is only just beginning. Although the brain has
more CB1 than oi:)ioid-receptors, a review by the US Institute of Medicine has commented on
how Iittle we know about cannabinoids in comparison with opiates 27 The obvious analogy

between the hlstory of research on opiates and’ cannabmonds suggests good reason for

optimism about the future of cannabinoid drug development ?%%%

6.2  Current Status of Cannabinoid Medicines

An increasing number of pharmaceutical companies start to pick up the idea of cannabinoids
or their antagonistsi'as therapeutic drugs. At preserit a number of preparations based on the '.
biological activities‘: of the cannabinoids are available, but not all of these have been registered
as drhgs."Mds‘t' preparations are pure compounds based on the pharmacological actions of
THC. The major onés are shown in figure 16. |
The most commonly prescribed cannabinoid-based medicines are Marinol® (synthetic THC |
in sesame oil, Solvay Pharmaceuticals) and Cesamet® (Nabilone, Valeant Pharmaceuticals
International). They are registered for the indication of nausea and vomiting associated with
caticer cheihother’apy Marinol is also approired for anoréxia and cachexia in HIV/AIDS The
patent on Marinol ‘'will expire in 2011 openmg the way for the development of generlc
preparations of synthetlc THC.

Although there are clear indications that some effects may vary according to the fact if a
cannabinoid is takén alone, or in combination with dher cannabinoids, not much work has
been done on the activities of combined cannabinoids. However, there is a major exception:
Sativex® (GW Pharmaceuticals, UK) is a sublingual spray based on a mixture of two distinct
standardized Cannabis extracts. The final mixture contains equal amounts of THC and CBD.
Because of the use of whole extracts, non-standardized amounts of ballast components are
also present, such as minor phytocannabinoids and terpenoids. 2 1t is currently registered
only in Canada, but. registration is pending in several European countries.

Cannador (European Institute for Oncologlcal and Immunological Research, Gefmany) is an
oral capsule containing a Cannabis extract, whose THC to CBD ratio does not appear to be

fully standardized. ‘Although it has been used in several clinical trials, 1 has not yet been
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registered as a drug. It has been clinically tested for reduction of fremo_r in multiple

sclerosis,*** and post-operative pain management.'%

- Figure 16: the structures of several cannabinoid receptor agonists currently in use or under
development ' : -
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Several new cannabinoid-based products are currently under development. Among them are a
new prescription anti-obesity drug, Rimonabant (AEomplia@, by Sanofi- Aventis),?®¢ aﬁ(i the
potent analgesic ajulemic acid.”®® Rimonabant was the first selective CB1 receptor blocker to
be approved for use anywhere in the world. It is an inverse agonist for the cannabinoid
receptor CB1. Rimonabant Wés developed based on the observation that recreational Cannabis
consumption commonly leads to an insatiable feeling of appetite. Causing the opposite effect,
by antagonizing the cannabinoid receptor response, leads to reduction in appetite. It was
released in the form of a tablet under the name Acomplia,'but has very recently been pulled
off the market out of concern over its depressive side effects.

Ajulemic acid (AJA) is a synthetic analog of the human THC metabolite 11-carboxy-THC
(see section 3.3). Although the mechanism of AJA action remains largely unknown, it has

potent analgesic and anti inflammatory activity,341

without the psychotropic action of THC.
Psychoactive effects may be limited as a result of reduced crossing of the blood brain barrier,
and greater activitff at peripheral rather than central cannabinoid receptors?®® A major
advantage of AJA is that, unlike the nonsteroidal anti inflammatory drugs (NSAIDs), it is not
ulcerogenic at therapeutic doses. It has been studied in clinical trials for chronic neuropathic
pain. 35! '

Dexanabinol, (also known as HU-211) is a dihydroxylated synthetic cannabinoid resembling
THC that is devoid of cannabimimetic effects and does not bind to cannabinoid receptors.?’
The neuroprotective effect of dexanabinol is related to its unique capacity to act as a non
competitive antagof_list of the NMDA receptor, to block COX-2 enzymes, and to prevent
inflammation by iniiibiting secretion of TNFa and other inflammatory cytokines in the central

201

nervous system“’ Dexanabinol may be usefull in the treatment of traumatic brain injury.>?

6.3 Approaches for Further Development

Extensive information about Cannabis as a medicament goes beyond the possibilities of this
article and we can refer readers to several comprehensive books 27366 and recent

108,266,283

reviews on this subject. However, some major developments will be briefly discussed

here. The foliowidg sections discuss some suggested targets for further development of
cannabis compounds as a drug.

Phytocannabinoids, as found naturally occuring in the plant, provide the pharmaceutical
developer with a variety of challenges, including low water solubility, variable bioavailability,

psychoactive side effects, etc. As a result, current research on synthetic cannabinoids focuses
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mainly on new chemical entities (NCEs) that can agonize or antagoni—ze one of the CB
receptors speciﬁcally, or that can affect the endocannabinoid system otherwise (e.g. FAAH _
inhibitors). Possible fields of application include obesity, anorexia and neuroprotection Some
of these molecules have proven to be powerful agonists. But although they are extremely
useful for nonclinical studies to uncover the functions of the endocannabinoid system, they '

may be too psychdactive to be tested in human subjects.
6.3.1 Improving the biological availability of cannabinoids

THC is a light yellow resinous 011 st:cky at room temperature which hardens upon
refrigeration. THC is hlghly hpophlhc pract:cally insoluble in water,2%® having an
octanol;water partltlon coefﬁ_c:ent {at pH 7) of at least 6,000:1.3°% As a result, it has been
difficult to develop effective formulla‘:rbns. for human use.”® So far, every attempt to make
classical cannabinoids rﬁore wa&ef ‘sol.uble has yielded only compounds without significant
CB binding. Several examples 111ustrate the dlfﬁcultles in handling the high lipophilicity of
cannabinoids; the synthetic cannabinoid dexanabmol was evaluated in phase [ clinical trial by
i.v. infusion in cremophor-ethanol vehicle diluted with saline, while Sativex is a sublingual
spray containing ethanol and propylene glycol as solubilizers.’*? A possible way to handle this
obstacle is the creation of water-soluble prodrugs. Examples are glycinates and salts of amino -
acid esters contammg tertlary and quatemary heterocyclic N-atoms.?®® Also the use of

cyclodextrms as solubilizers has been studied, and seems to be feas1ble 290

6.3.2 Selective activation of cannabinoid receptors

There is a fundamental problem with esing the cannabinoid receptor as a drug target: the mein
target for most therapeutic activities is CB1 and this is the same receptor that causes most of '
the adverse effects. Dissociation of the adverse effects ﬁom the therapeutic effects of
Cannabis may therefore never be truly possible. Furthennore, excessive stimulation of CB1
leads to receptor tolerization.and this is a particular problem of strong agonism. 305 Also, there
may be risks associated with the long-term use of CB-blockers (antagomsts) a good example
is the increased risk of depressmn with the prolonged use of Rimonabant.

But although CBI is generallyeonmdered to be centrally active, is also expressed on nerves
outside the CNS, eg. ofi ne_fye terminals, dorsal root ganglia and the vasculature. So a

possible strategy for drug development is to develop compounds which are excluded from the
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blood brain barriet (BBB), in order to selectively activate the peripherally located CB1
receptors. This may limit psychoactmty while producmg benefits for drsorders such as pain,
asthma or glaucoma.

Cannabinoids inhibit pain in v1rtually every experlmental pain paradlgm elther via CB1! or
CB2-like activity, dependent on the type of noereeptrve pathway bemg studred “This finding i is
consistent with high concentrations of CB1 receptors on primary afferent nociceptors,
particularly in the dorsal spinal cord, whereas peripheral CB2 receptors have been implicated
in the control of inﬂammatory pain.”’® CB2 sclective agents, working on the peripherally
located CB2 receptors, without actwatmg the CB1 receptors that may mduce a psychoactive
effect, may have therapeutlc value. Guindon and Hohmann 3%? revrewed behavioral,
neurochemical and electrophysnologncal data, which 1dent1fy cannabmord CB2 receptors as a
therapeutic target for treating pathological pain states w1th llmlted centra]ly, mediated side
effects. Cheng and Hltchcock 33 reviewed the present development of cannabinoid agonists
with an emphasis on selective CB2 agomsts and penpherally restrlcted CBI or CB1/CB2 dual

agonists for treatment of 1nﬂammatory and neuropathrc pam
6.3.3 Modulating the endocannabinoid system |

" Endocannabinoids, through interaction with the CB-receptors, have a range of effects on the
nervous system. They are weak agonists and these agents naturally stimulate receptors
without much potential for inducing psychoactive effects. :For this reason, modulation of the
endocannabinoid system is an exciting target for cannabinoid therapy. But although
endocannabinoids may be interesting as therapeutic agents, their instability and rapid
metabolism limit their utility in preclinical and clinical research. To date, no endocannabinoid
agents have been admmrstered to humans.

How many and what functions of the endocannabinoids occur tonically under conditions of
physiological homeostasrs 1s at present unclear. The fact that CB1 and CB2 receptor knockout,
at least in certain genetic backgrounds, does not produce a strong phenotype in unchallenged
animals sugpests that this system becomes important mostly under pathological conditions.
Indeed, endocannabinoid signaling often undergoes dramatic tissue- specrﬁc changes in both
animal models of disorders and in human diseases.??

As discussed in section 3.2, endocannabmords are made on demand they act only locally, and
are metabolized immediately after action. As a result the duratlon of their action is very

limited. Compounds that affect the levels of endocannabmords, by 1nh1b1tmg membrane
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transport or hydrolysis, thereby prolonging their life-span, offer pron{ising potential for
further research and phannaceutiéal development. During a variety o.f-i diseases there are
changes in endocannabinoid concentrations at the site of pathology. Targeting of
endocannabinoid degradation through inhibition of the reuptake mechanism or enzymes that
cause degradation could locally target sites of damage while limiting effects in uninvolved
areas. This approach has a simple but important consequence: the effects of endocannabinoids
are only prolonged at those sites where they are already produced by existing physiological

responses. A more targeted approach would hardly be imaginable.
6.3.4 Interaction with other neurotransmitter pathways

An exciting observation is that THC reduces chronic pain in patients who do not get sufficient
‘ pain relief from opioids. Many studies have been performed on Cannabis. and pain, but they
are hard to compare because of the large variety of pain-models used, -and the subjective
nature of pain. However, a variety of synthetic analogs and derivatives of THC and other
cannabinoids have been designed with an improved analgesic effect, but without the
psychotropic side effects of THC. A promising development is the combined use of THC with
opioids.
Opioids and cannabinoids share several pharmacological effects, including antinociception,
hypothermia, inhibition of locomotor activity, hypotension, and sedation?*! It is therefore not
surprising that crosstalk between the two systems has been shown.!®’ The coupling of both
receptor types, via inhibitory Gy, proteins, to similar intracellular signaling pathways
underlies, to some extent, their similarities in actions.’'® Interactions between the pathways
probably explain why antagonists of each receptor type sometimes counteract the
pharmacological effects induced by the stimulation of the other type.”® Co-administration of
various cannabinoids with morphine produced a greater-than-additive effect with respect to
antinociception in mice.>'! Although both cannabinoids and opioids are accompanied by
undesirable side effects at high doses, it was found that THC can enhance the potency of
opioids such as morphine, thereby dramatically reducing the dose needed for pain control in
some clinical indications.?%3% 7
Yet another potential target for interaction with (endo)cannabinoids is ceramide, a ubiquitous
sphingolipid second messenger that plays an important role in the control of cell fate.
Cannabinoid-induced acute ceramide generation might rely on de novo synthesis through

induction of sphyngomyelin hydrolysis. As a result of this activity, cannabinoids, like other
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ceramide-generating agents,” ~ might be considered as potential therapeutic drugs for he

management of malignant tumors.
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7. = PRACTICAL ASPECTS OF CANNABIS RESEARCH

Thanks to the relatively recent discovery of the human endogenous cannabinoid system, it
seemnts that Cannabis-based medicines may have | a bright' .future. But there are a lot of
obstacles to be taken first. Some are a direct result of the nature of the plant. and the chemical
characteristics of its constituents, but others are clearly the result of social, cultural, and as a
result, legal bias towards a hazardous plant. Some of the rnost important asfpects are discussed

below.
7.1 | Legal Aspects'

Startmg from 1954 the World Health Orgamzatron (WI-IO) has clalmed that cannabis and lts
preparatrons no longer serve any useful medical purpose and are therefore essentlally obsolete.
_Up to that moment, cannabis legislation had been based on a large number of conventrons
causmg consnderable confusion in the executron of treaties. Under pressure of i lncreasmg
reports that cannabrs was a drug dangerous to soclety, it was proposed to combine all in single
conventlon the draft of whrch was ﬁnally accepted by the Umted Nations in 1961, In
followmg years several complementary treatres were made to strengthen it: Under the “Stngle
Conventron on Narcotic Drugs” cannabis and its products were defined as dangerous
narcotlcs w1th a hlgh potenttal for abuse and no accepted medlcmal value. It reflected the
beltef that cannabis was a dangerous narcotic with a threat that was equal to the most
dangerous opiates, as it was strongly believed that cannabis use could serve as steppmg stone
to the use of such drugs Smce the Single Convention, the potential danger of cannabrs abuse
by recreational users has been much higher on the political agenda then any of its benef ts as a
source for fi ber foocl or medmnes The dlstlnctlon between medicinal and recreational use is
thereby made only in a few countries.

It can be observed that new scientific insights on cannabis are only slowly and relu_ctantly
incorporated into new legislation. However, in recent years a large variety of scientiﬁc and
clinical data has become avallable further showing the physiological effects of cannabinoids
and the endocannab1n01d system And in several Western countries tmportant obstacles for a
real acceptance of medicinal cannabis have already been addressed, as serious steps are taken
towar_ds decriminalization of cannabis use or even providing medicinal cannabis products to
patients. These shifts constitute the first steps away from the dominant drug policy paradigm
advocated by the United States, which is punishment-based proh_ib_ition,. and it signals that the
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Single Convention ‘may start to reach its expiry date, The legislation that follows it will
depend for a large part on the quality of the research available. However, good arguments will

finally not be enough; what is most needed is a change in mentality; in politics, but also in the

way research is conducted.
7.2 ' Availability of Plant Materials and Reference Standards |

Although a huge number of scientific papers have been published on Cannabis over the past
decades, many aspects still remain unclear. The world today is full of Cannabis myth and
mystery. A major reason is the unavailability of standardized plant materials. As a result of a
prohibition on the breeding of the Cannabis plant, researchers worldwide have virtually no
access to fresh plant materials. In fact, most pIant material used for Cannabis researen comes
from customs seizures or governmental agencies. The type of Cannabls (cult:var) the_
breeding and storage conditions, and age of the pIant materials are often unknown to the
researcher. Mlcroblologlcal contamination of such herbal Cannabis has been frequently
described. Although it remains a speculation, the productton of toxins by these mlcrobes may
play a s1gmflcant role in at least some of the observed adverse effects in medical studtes

For more than half a century, the medicinal research has been drtven by the search for the
components responSIble for the psychoactive effects of Cannabls Asa result THC Ias been
in the spotlights for decades but other Cannabis constituents were largely neglected By domg
so, it is often forgotten that more than 700 different varicties of Cannabis have been described.
In many research papers it is assumed that differences between Cannabls cultivars are only
defined by the total content of THC (which is defined as TI-IC+THCA) The total fmgerprmt |
of other compounds present is usually not reported and very often these compounds were not
even analyzed. As a result, such studies can never be repeated, because the {exact) same type
of Cannabis can not be obtained by other researchers trying to duplicate the results. It is
obvious that there is a serious need for the availability of standardized herbal cannnbis, like is
currently produced by the Netherlands.*

Finally, independent of the method used for cannabinoid analysis reliable standards are
needed for the compounds to be studied, in order to allow high quahty, quantttatlve research
‘on the pharmacological and medicinal aspects of Cannabis. However, up to very recently,
only a few of the major cannabinoids were commercially available (THC, CBD, CBN and 7 3-
THC). Without a doubt, this lack of reference standards has been a great obstacle for the

detailed study and: understanding of Cannabis. In recent years however, the number of
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suppliers of cannabinoid standards has been growing (e.g. Echo pharmaceuticals, Lipomed,
THC-pharm, Sigma-Aldrich)

7.3 Social aspects

Although the complex chemical nature of the Cannabis plant and its constituents have
conrpliceted its study, e_signiﬁcant_ role was also played by social and cultural views on .
Cannabis. Although Cannabis has a long hie_tory, t_he 20™ century advent ‘of morlern purified
pharmaceuticals made Cannabis products increaeingly less p0pular with physicians. Only
after the biochemical basis of Cannabis activity has been elucidated, in fect only in the last
10-15 years, scientific interest has been revrved _

A major argument of health authorrtres agamst the ‘medicinal use .of herbal Cannabis as
currently available has been that. it is a hlghly variable product wrth respeot to composition
and (mrcroblologlcal) contammatlon ThlS may be true when comparmg different varieties,
but the composition of srngle well-defined vanet1es of Cannabrs can be highly standardized.
This fact has been clearly showu by the medrcmal Cannabls program currently going on in the
Netherlands, where growrng under the regune of, Good Agricultural Practice (GAP), in
combination with technical and hygremc measures, has shown io produce Cannabis of the
highest quality.>® Furthermore procedures for standardlzed presor:ptlon botanical products
have been formalized by the FDA provrdmg a ﬂmher blueprmt for regulatory approval of

phytochemicals and botarucal medrornes

Cannabis studies often have to deal wrth problems that are largely unknown to other fields of
research. These include drfﬁoultles to find fundu_rg, get res_ults _published, or to obtain
permission to perform clinical trials. Also the restrictions on "irnporb’e:xport of Cannabis
materials and its extracts or pure components can postpone studies for 1ong periods of time.
Fortunately, in several Western countries such restrictions are slowly becoming less strict.
Still, the continuing fear of potential psycho-active effects of Cannabis frequently interferes
‘with performing (mostly clinical) studies. In fact, the continuous increase in (psychoactive)
potenicy of modern Cannabis varieties is boosting political as well as societal fears of
addiction and health problems, and this seems to make the acceptance of Cannabis as a source
of potential new medicines even harder. :

1t is clear that, in time, Cannabis-based medicines should be standardized, efficacious and safe
preparations, as much as any other approved medicine. Therefore, the main challenges for the

near future are standardization of Cannabis-based medicines, obtaining clinical proof of its
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claimed activities, and improving the acceptance among authorities and health-professionals.
The dominant view is that the proof of the activities of Cannabis must come from statistically
significant randomized clinical trials, acceptable to regulatory bodies in various countries and
adhering to the modern scientific method. However, times are changing, and other plant-based
medicines, such as Chinese traditional medicine, are gaining ground as part of Western
medicine. In some cases, traditional use of such herbél'medicine by large groups of patients
may be accepted by the authorities as sufficient proof of safety and efficacy. It remains to be

seen whether Cannabis can benefit from such dévelopments.
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