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ABSTRACT
METHOD DEVELOPMENT FOR QUALIFICATION AND
QUANTIFICATION OF CANNABINOIDS AND TERPENES IN

EXTRACTS BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY

Allegra Leghissa, Ms.

The University of Texas at Arlington, 2016

Supervising Professor: Kevin A. Schug

Cannabinoids are a class of chemical compounds that act on cannabinoid
receptors in  cells. These receptors have different kinds of ligands, including
endocannabinoids (produced in the body by humans and
animals), phytocannabinoids (found  mainly  in Cannabis  sativa),  and synthetic
cannabinoids. At least 85 different phytocannabinoids have been isolated; different
cannabinoids are believed to have different effects and possible benefits in medical
treatments, and it is therefore fundamental to classify cultivars prior to their medical use.
The other class of compounds that characterize C.sativa are terpenes. They confer flavor
and fragrance that are unique to each plant and further confer botanical differentiation of

cultivars.



Methods were developed for the potential to evaluate terpene and cannabinoid
content in extracts of C. sativa. Quantification was performed by creating a calibration curve
with the standards of the examined cannabinoids (THCV, CBD, CBC, A8-THC, CBG, CBN,
A9-THC, and A9-THCA). The quantification of A9-THCA was carried out with both the
products from the two different silylation agents. Terpenes were also quantified; considering
the wide broad of terpenes in the C. sativa extracts, only the six most abundant ones

(linalool, exo-fenchol, caryophyllene, guaiol, and a-bisabolol) were considered.
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Chapter 1. Cannabis sativa

1.1. The History of Cannabis sativa

It is more likely that the natural origin of Cannabis sativa is in the Altai mountains
of southern Siberia, Russia, since this plant (also called hemp) is a common wild plant in
this region [1]. Discoveries from Southern Moravia, Czech Republic, supplied evidence of
the oldest use of hemp. Czech archeologist Klima discovered that the fiber of this plant was
used by inhabitants of famous eastern Gravettian settlements (29,000 to 22,000 years ago)
for the manufacture of textiles, basketry, and cordage [2]. The first fragment of hemp clothes
was found in 1972 in a grave from the late Chou dynasty (1,122-249 BC) in Shansi province,
China. This piece of clothes represent the oldest preserved specimen of C. sativa [3].

To find the first evidence of medical use of C. sativa, it is needed to go back 5,000
years to the emperor Shen Nung, who is believed to be the discoverer of medicinal plants.
He is believed to have tasted hundreds of herbs to test the medicinal value, and to be the
author of Shen-nung pen ts'ao ching (Divine Husbandman's Materia Medica), that is the
earliest existent Chinese pharmacopoeia. According to this manual, the flowers of the female
C. sativa plant contain the greatest amount of yin energy, and therefore they were used to
treat menstrual fatigue, rheumatism, malaria, beri-beri, constipation, and absentmindedness
[4].

Another medical legacy, found on hundreds of clay tablets, was left by the Assyrians
(3,000-2,000 BC), where it is clear that C. sativa was one of the major drugs, and the plant
was named according to its use [5]. C. sativa was used as a medicine even by the ancient
Egyptians. In the tomb at Thebes (ca. 1,534 BC), the Ebers Papyrus was found, that is the

1



oldest complete medical book in existence. It is a collection of approximately 900
prescriptions, among which two formulas mentioned the use of C. sativa [6].

In the Indian scripture of the Atharva Veda, that is the fourth book of the Vedas
(ancient scriptures of the Brahman religion, 2,000-1,400 BC), bheng (identified as hemp)
was one of the five sacred plants of India [7]. The Persian prophet Zarathustra (ca. 1,200
BC) [8], author of the Zend-Avesta, was a user of hemp, that occupies the first place in a list
of 10,000 medical plants. Pliny the Elder (79 AD), Roman nobleman, historian, scientist and
author of Naturalis Historia, gave evidences of the use of C. sativa by the Northern
Mediterranean societies [9]. Even the Greeks utilized C. sativa for medical purposes, as it
is described by the physician, pharmacologist, and botanist Pedanius Dioscorides in the
Materia Medica (90 AD) [10]. Last, French physician Jacques Joseph Moreau hypothesized
in the 1830s that C. sativa could be used as treatment of the mentally ill, and this explains

the introduction of C. sativa into modern Western society [11].

1.2. Physical properties of C. sativa

1.2.1. Description of the plant

The scientific classification of C. sativa plant is:
Kingdom: Plantae

Phylum: Angiosperms

Order: Rosales

Family: Cannabaceae

Genus: C. sativa



Species: C. sativa sativa
Subspecies: C. sativa ssp. sativa
C. sativa ssp. indica

C. sativa ssp. ruderalis

Between the subspecies, the most used ones are sativa and indica, whose products
are physically combined to obtain desired psychotropic effects [12]. The plant is an
herbaceous annual that can grow to a height of 8-12 feet. The plant has flowers that bloom
from late summer to mid-fall, and these flowers can be male or female. Usually, C. sativa
plants have just one type of flower, but some plants do have both. Male flowers grow in
elongated clusters along the leaves, and they turn yellow and die after blossoming, while
female flowers grow in spike-like clusters and they remain dark green for a month after
blossoming. From the resin of the C. sativa flowers, it is possible to obtain Hashish, a more

potent drug than Marijuana [13].

1.2.2. Descriptions of cannabinoids

1.2.2.1. Cannabinoids

C. sativa plants contain over 500 compounds, approximately 100 of which have been
identified as cannabinoids, which are a group of Cz1 terpenophenolic compounds found until
now uniquely in C. sativa L. These 66 compounds have been divided into 10 categories

[14]:



1. Cannabigerol (CBG) type: It was the first identified, and it derives from
cannabigerolic acid (CBGA), that the first biogenic cannabinoid formed in the plant
(Figure 1-1, Table 1-1).

R OH
R0 R’
Figure 1.1: CBG-type Cannabinoids

Table 1-1: CBG-type Cannabinoids

Compound R! R? R3 R* R®
Cannabigerolic COOH n-CsHy; H (CH;),CH=C(CH3), | Me
acid A

Cannabigerolic COOH n-CsHy; Me (CH),CH=C(CH3), | Me
acid A monomethyl

ether

Cannabigerol H n-CsHy; H (CH),CH=C(CH3), | Me
Cannabigerol H n-CsHy; Me (CH),CH=C(CHs3), | Me
monomethyl ether

Cannabigerovarinic | COOH n-CsH; H (CH2).CH=C(CHs)> | Me
acid A

Cannabigerovarin H n-CsH; H (CH,)CH=C(CHs), | Me
Cannabinerolic COOH n-CsHp H Me (CH2),CH=C(CH3),
acid A

2. Cannabichromene (CBC) type: Just five CBC-type cannabinoids have been

identified, and they are present as Cs analogs (Figure 1-2, Table 1-2).

OH
Rl
/
3
R
0 R?
CH,

Figurel-2: CBC-type Cannabinoids.



Table 1-2: CBC-type Cannabinoids

Compound R! R? R3
Cannabichromenic acid COOH n-CsHu (CH;).CH=C(CH3)2
Cannabichromene H n-CsHp (CH;),CH=C(CH3),
Cannabichromevarinic acid COOH n-CsHy (CH>),CH=C(CH3)
Cannabivarichromene H n-CsH; (CH;),CH=C(CH3),
Cannabichromevarin H n-CsHy (CH;).CH=C(CH3)2
2-Methyl-2-(4-methyl-2- H n-C3H7; CH,CH=C(CHs)
pentenyl)-7-propyl-2H-1-

benzopyran-5-ol

3. Cannabidiol (CBD) type: it was isolated in 1940, but only in 1963 Mechoulam and
Shvo [15] were able to identify its correct structure. Seven CBD-type cannabinoids
with C; to Cs side chains have been described. The corresponding acid of CBD is
CBDA, which was the first discovered cannabinoid acid, isolated in 1955 (Figure 1-

3, Table 1-3).

CHsy

Figurel-3: CBD-type Cannabinoids.

Table 1-3: CBD-type Cannabinoids

Compound R! R? R3
Cannabidiolic acid COOH n-CsHui

Cannabidiol H n-CsHy

Cannabidiol monomethyl ether H n-CsHy Me
Cannabidiol-Cy4 H n-C4Ho H




Cannabidivarinic acid COOH n-CsH7

(-)-Cannabidivarin H n-C3Hy

Cannabidiorcol H CH3 H

4. A9-Tetrahydrocannabinol (THC) type: Nine THC-type cannabinoids with C; to Cs
side chains have been identified. These mainly derive from THC acid A, even though
also THC acid B is present as well. THC is the main psychotropic principle, and it
was isolated in 1942, but the correct structure (6a,10a-trans-6a,7,8,10a-tetrahydro-
6,6,9trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-0l) was first identified by Gaoni

and Mechoulam in 1964 [16] (Figure 1-4, Table 1-4).

CH3

Figurel-4: A9-THC-type Cannabinoids.

Table 1-4: A9-THC-type Cannabinoids.

Compound R! R? R3
Tetrahydrocannabinolic acid A COOH n-CsHi H
Tetrahydrocannabinolic acid B H n-CsHn COOH
Tetrahydrocannabinol H n-CsHy H
Tetrahydrocannabinolic acid-Cs COOH or H n-C4Ho H or COOH
Tetrahydrocannabinol-Cs4 H n-C4Ho H
Tetrahydrocannabivarinic acid A COOH n-CsHy H




Tetrahydrocannabivarin H n-CsHy H
Tetrahydrocannabiorcolic acid COOH or H CH3 H or COOH
Tetrahydrocannabiorcol H CH; H

5. A8-THC type: It is considered, along with its acid precursor as THC and THC acid

artifacts, respectively. The 8,9 double-bond position is thermodynamically more

stable than the one found in THC in 9,10 position. Nevertheless, '8-THC is 20% less

active than THC (Figure 1-5, Table 1-5).

CHs,

H,C
H;C

Figurel-5: A8-THC-type Cannabinoids

Table 1-5: A8-THC.type Cannabinoids.

Compound R!
(-)-A8-trans-(6aR,10aR)-Tetrahydrocannabinolic acid A COOH
(-)-A8-trans-(6aR,10aR)-Tetrahydrocannabinol H

6. Cannabicyclol (CBL) type: It is characterized by a five-atom bridge and C;-bridge

instead of the typical ring A, but just three of these cannabinoids are known (Figure

1-6, Table 1-6).




CH
3 OH

@) R
H;C

Figure 1-6: CBL-type Cannabinoids.

Table 1-6: CBL-type Cannabinoids.

Compound R! R?

(+)-(1aS,3aR,8bR,8cR)-Cannabicyclolic acid COOH n-CsHy;
(3)-(1aS,3aR,8bR,8cR)-Cannabicyclol H n-CsHy;
(¥)-(1aS,3aR,8bR,8cR)-Cannabicyclovarin H n-CsHy

7. Cannabielsoin (CBE) type: It is formed from CBD, and only five CBE-types are

known (Figure 1-7, Table 1-7).

Figure 1-7: CBE-type Cannabinoids.

Table 1-7: CBE-type Cannabonoids.

Compound R! R? R3

(5aS,6S,9R,9aR)-Cannabielsoic acid A COOH H n-CsHy,
(5a8S,6S,9R,9aR)-Cannabielsoic acid B H COOH n-CsHy;
(5a8S,6S,9R,9aR)-C;3-Cannabielsoic acid B | H COOH n-Cs;Hy
(5aS,6S,9R,9aR)-Cannabielsoin H H n-CsHy,
(5aS,6S,9R,9aR)- C;-Cannabielsoin H H n-CsH7




8. Cannabinol (CBN) type: It is the oxidation artifact of THC. Six CBN-type

cannabinoids are known. CBN was first named in 1896 by Wood et al. [17], and its

structure discovered in 1940 (Figure 1-8, Table 1-8).

CH,
OR'
2
_ R
HaC 0 R’
HaC

Figurel-8: CBN-type Cannabinoids.

Table 1-8: CBN-type Cannabinoids.

Compound R! R? R3
Cannabinolic acid A H COOH n-CsHy,
Cannabinol H H n-CsHy
Cannabinol methyl ether CH3 H n-CsHy
Cannabinol-C4 H H n-C4Ho
Cannabivarin H H n-CsHy
Cannabinol-C, H H C,Hs
Cannabiorcol-C, H H CH3

9. Cannabitriol (CBT) type: It is characterized by an additional OH substitution. Nine

CBT-type cannabinoids have been identified. CBT exists in the form of both isomers

and the racemate (Figure 1-9, Table 1-9).




Figurel-9:CBT-type Cannabinoids.

Table 1-9: CBT-type Cannabinoids.

Compound R! R? R? R*
(-)-trans-Cannabitriol H H OH n-CsHy
(+)-trans-Cannabitriol H H OH n-CsHy
(2)-cis-Cannabitriol CH3 H OH n-CsHy
(2)-trans-Cannabitriol H OH n-Cs;Hy
CBT-Cs-homologue H OH CsHy
(-)-trans-10-ethoxy-9-hydroxy-262(19). H OEt n-CsHy
tetrahydrocannabinol

trans-10-ethoxy-9-hydroxy-262(1%). H H OEt n-C3H;
tetrahydrocannabivarin-Cs;

8,9-Dihydroxy-20199)_tetrahydrocannabinol OH H H n-CsHyy
Cannabidiolic acid tetrahydrocannabitriol ester H CBDA-Cs ester OH n-CsHy

10. Miscellaneous types: Eleven cannabinoids of various unusual structure [with a
furano ring  (dehydrocannabifuran, cannabifuran), carbonyl function
(cannabichromanon, 100x0-G-6a-tetrahydrocannabinol),  or  tetrahydroxy
substitution (cannabiripsol)] are known.

Among A9-tetrahydrocannabinols, there exists also a particular cannabinoid,
tetrahydrocannabivarins (THCV), which instead of the pentyil side chain typical of A9-

THC, has a propyl one. A similar propyl side chain is found in cannabidivarins (CBDV),

found amongst cannabidiols. These two cannabinoids, due to the propyl side chain, do
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not derive from cannabigerolic acid, but from cannabigerovarin acid (CBGVA), which
undergoes enzyme binding, prenylation, and cyclization, and it is transformed to the acid

precursors of these two cannabinoids (THCVA and CBDVA).

1.2.2.2. Identification Steps

The first important steps in the identification of cannabinoids was performed by
Wood et al. [17], who were able to isolate cannabinol (CBN, C21H2602) from the resin of
Indian hemp. After that, Cahn managed to identify the structure of CBN, leaving uncertain
just the positions of a pentyl and a hydroxyl group [18].

The first natural cannabinoid, CBN, was determined independently both by Adam et
al [19]. and Todd et al [20]. Subsequently, cannabidiol (CBD), that is the second C. sativa
constituent, was identified, but its structure was not completely elucidated. Krejc “1 ~ and
S “antavy " [21] were able to isolate cannabidiolic acid (CBDA) from an extract that was
effective against Staphylococcus aureus and other Gram-positive microorganisms. In 1963,
Mechoulam et al. [15] were able to determine the correct structure and stereochemistry of
CBD, and a year later they isolated and obtained a crystalline derivate of
tetrahydrocannabinol (A 9-THC). They also managed to achieve a partial synthesis of D9-
THC from CBD. Several years later, even A8-THC was isolated. At the same time, some
non-psychotropic  cannabinoids were isolated, such as cannabigerol (CBQ),
cannabichromene (CBC), and cannabicyclol (CBL) [22].

To understand the biogenesis of these cannabinoids, it was essential to identify

cannabinoid acids. Firstly, cannabinolic (CBNA) and cannabigerolic (CBGA) acids were
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identified, followed by A9-THC acid, A8-THC acid, and cannabielsoic acid (CBEA) [23].

1.2.3. Description of Terpenes

It has been shown that terpenes play an important role in the classification of C.
sativa [24]; in fact, although the cannabinoids are odorless and indicate the genetic
relationship, terpenes are the primary aromatic principles found in the essential oil of the
plant, and they reflect the immediate environment [25].

Terpenes comprise a large group of compounds derived from Cio isoprene subunits.
In C. sativa, the most frequent classes of terpenes are monoterpenes (Cio) and sesquiterpenes
(C1s). In each plant, no more than 40 known terpenes have been identified, even though a
total of 100 named terpenes are present in C. sativa [26]; unfortunately, as of now, there is
not a complete list of C. sativa terpenes; however, the six most recurrent ones are known

(Table 1-10).

Table 1-10. Main classes of terpenes
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Name

Structure

Properties

Linalool

HO CH CHs

3
HZCWCH

3

It has a citrus, floral, and woody odor, with
blueberry aromas. It works as an anti-anxiety,

a sedative [27], and as an anti-convulsant [28].

Exo-Fenchol CHj, It has a lemon, woody, and camphor odor.
CHj
“OH
CH,
Caryophyllene It has a dry spicy odor, but with sweat notes. It
is a gastric cell protectant and anti-
inflammatory [29], and anti-malarial [30].
Terpineol CH3 It is odorless.
OH
HC CHg
Guaiol CHy HaC It has a rose tea, and mild woody odor.
H,C
HO
CH;

o-bisabolol

It has a mild floral odor, with a peppery note.
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1.3. Receptors

Two cannabinoid receptors have been identified, and they belong to the superfamily
of G-protein-coupled membrane receptors [31]. The first one was identified in the rat brain
in 1988 [32]. This receptor was named CB1, and it is expressed on peripheral neurons and
other cell types. It is negatively coupled with adenylate cyclase, and it can be either
negatively or positively associated with selective ion channels [31]. CB1 is found in the
central nervous system and some peripheral neurons, especially in the basal ganglia,
hippocampus, cerebellum, and cerebral cortex, and this accounts for the effects of
cannabinoids on short-term-memory processing, but also in the dorsal primary afferent
spinal-cord areas, that are important in pain pathways [31]. Therefore, activation of CBI
receptors leads to retrograde inhibition of the neuronal release of acetylcholine, dopamine,
GABA, histamine, serotonin, glutamate, cholecystokinin, D-aspartate, glycine, and
noradrenaline. The second cannabinoid receptor, CB2, was identified in macrophages in the
marginal zone of the spleen [33]. This receptor is mainly found in leucocytes, and it is not
linked to ion channels. It has no known neurological activity [31]. Cannabinoids may also

influence other receptors pathways.

1.4. Uses and Effects

1.4.1. Products and Uses

1.4.1.1. C. sativa and its products

The plant of C. sativa has many products that can be used, and among these, the
14



most common one is herbal C. sativa, important because it is believed that only flowers and
leaves confer psychotropic effects. C. sativa resin is used to produce hashish, that is a more
potent drug than marijuana. Finally, liquid C. sativa, that also known as hashish oil, and C.

sativa seeds [13].

1.4.1.2. C. sativa and its effects
Considering the large number of products that are obtainable from C. sativa, it is
important to remember that, besides the recreational uses, this plant has also many

therapeutic uses (Table 1-11) [34]:

1. Obesity, anorexia, emesis: CB1 plays a very important role in central appetite
control, peripheral metabolism, and body weight regulation.

2. Pain: THC, CBD and CBD-dimethyl heptyl (DMH) block the release of seratonin
from platelets.

3. Multiple sclerosis, neuroprotection, inflammation.

4. Parkinson's disease, Huntington's disease, Tourette's syndrome, Alzheimer's disease,
Epilepsy.

5. Bipolar disorder, schizophrenia, post-traumatic stress disorder (PTSD), depression,
anxiety, insomnia.

6. Asthma, cardiovascular disorders, glaucoma.

7. Cancer.

Table 1-11. Main classes of cannabinoids
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Name Structure Medical benefits
Cannabigerol Ha§ OH It aids sleep. It inhibits cancer cell
AN
(CBG) growth, and it slows bacterial growth,
HO CHy
but it promotes bone growth [26].
H,C CH,
Cannabichromene H o It inhibits cancer cell growth, but it
(CBC) He” produces bone growth. It reduces
o) CH,
CH
’ inflammation and it relieves pain [26].
It is an anti-bacterial and anti-fungal
[27].
Cannabidiol (CBD) CHs It is an antibacterial, it inhibits cancer

o
I

c
H,CZ HO CH,

cell growth, it is neuro protective, it
reduces seizure and convulsions, it
reduces both blood sugar levels,
inflammation, risk of artery blockage,
vomiting, and nausea. It relieves pain
and anxiety, and it suppresses muscle
spasms. It is a tranquillizer, and a
vasorelaxant [26]. Furthermore, it

THC-induced

modulates

psychoactivity.
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Cannabidivarin CHs It helps against hyperexcitability, it

(CBDV) = OH reduces epilepsy, and it reduces nausea
[26].

A9- It reduces vomiting and nausea, it

Tetrahydrocannabi relieves pain, it stimulates appetite,

nol (A9-THC)

and it suppresses muscle spasms [26]

Tetrahydrocannabi

It reduces convulsions and seizures,

CHs
varin (THCV) oH and it promotes bone growth [26]. It
‘ stimulates energy metabolism, it
e Do O CH, improves glucose intolerance [27],
and it is an anti-inflammatory and anti-
convulsant [31].
A8- It relieves pain [26].
Tetrahydrocannabi

nol (A8-THC)

CHj

Cannabicyclol

(CBL)

CHj

No reported bioactivity.
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Cannabielsoin HaC o} CHz| No reported bioactivity.
(CBE)
,_CHgH
HyC

Cannabinol (CBN) It aids sleep, it suppresses muscle
spasms, and it relieves pain [26].
Furthermore, it is an appetite—
stimulant and it is anti-tumorigenic
against some types of lung cancer
[31].

Cannabitriol (CBT) No reported bioactivity.

CH,

In the liver, once A9-THC is digested, it is transformed into 11-Hydroxy-A9-THC.

This conversion occurs at high rates if C. sativa is consumed in the edible form, and it is a

reason why the edible consumption is more dangerous. 11-Hydroxy-A9-THC is in fact

considered more potent than A9-THC, because it crosses the barrier between blood and brain

easier. Afterwards, 11-Hydroxy-A9-THC is metabolized into 11-nor-9-carboxy-THC, which

does not have any psychoactive effects, but still carries the anti-inflammatory and pain relief

roles of C. sativa.
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1.4.2. Laws and regulations

C. sativa also remains the most widely used drug worldwide, with 4% of the global
population aged 15-64 currently using it. Moreover, every country in the world is affected
by C. sativa trafficking; its products, in fact, are the most widely trafficked drugs worldwide,
accounting for 65% of all global seizure cases (1.65 million cases) in 2006. North and South
America produced 55 per cent of the global manufacturing in 2006, followed by the 22
percent by Africa [13].

Since 1970s, drug producers in North America and Europe have tried to create a
more potent C. sativa, the indoor-produced Sinsemilla, but in Europe it is imported C. sativa
that dominates the market. Sinsemilla has a greater potency because it is cultivated using
high THC breeds and intensive hydroponic techniques. The THC concentrations, in fact,
have been raised up to 15-20 percent in certain herbal materials [13].

In the USA, dronabinol (Marinol) (a synthesized drug with the active components
of C. sativa, mainly A9-THC) has been licensed since 1985 for the treatment of nausea and
vomiting caused by cytostatic therapy, and since 1992 for loss of appetite in HIV/AIDS-
related cachexia. The medicinal use of C. sativa is an open topic, and in the USA many states
are now evaluating the possibility of amplifying the legal treatment.

In Germany, only one C. sativa extract is approved for use. It contains THC and
CBD in a 1:1 ratio and it was licensed in 2011. This C. sativa extract, named nabiximols
(Sativex), has been approved by regulatory bodies in Germany and elsewhere for use as a
sublingual spray. In Great Britain, nabilone (Cesamet), a synthetic cannabinoid that mimics
the THC action, is used for treatment of the side effects of chemotherapy in cancer patients

[35].
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1.5. Structure-Affinity Relationships of Cannabinoids in Men

The introduction of A9- tetrahydrocannabinoil (A9-THC) into the body by smoking
is 2.6 to 3 times more potent than the A9- THC ingested orally, and the effects by smoking
appear within seconds or minutes, while with orally assumed doses the symptoms are
delayed from thirty minutes to two hours. Based on the clinical evaluation of various
cannabinoids, the following structure-affinity relationships (SAR) in man are suggested

[36]:

1. A benzopyran ring is mandatory for activity, since the ring-opened compound
cannabidiol (CBD) is inactive. However, it was noticed that, since cannabichromene
is inactive, the benzopyran by itself does not confer activity. Moreover, the oxygen
in the benzopyran ring can be substituted by a nitrogen without loss of activity.

2. The aromatic hydroxyl group has to be free or esterified, and blocking of the
hydroxyl group leads to inactivation of the molecule.

3. Variations of the length of the aromatic side change do not cause the loss of activity,
but the minimal is three-carbon chain. Moreover, branching of the chain increases
potency, and the attachment of this side chain can be via oxygen atom, without loss
of activity.

4. Monohydroxylation on the 7-position of the benzopyran ring increases the activity,
while dihydroxylation causes loss of activity. Monohydroxylation on other position
of the benzopyran ring also usually leads to active derivatives.

5. Hydroxylation on the C-1" of the side chain causes inactivity, while hydroxylation
20



on the C-3" increases it.

6. Alkylation on the C-4' aromatic position of the benzopyran ring retains activity,
while alkylation on the C-6' position of the same ring eliminates it. Anyways, adding
elecronegative groups such as carbonyl or carboxyl, at either C-4' or C-6' of the
benzopyran ring, eliminates activity.

7. The double bond isomers of THC have different activities in human: A1-THC> A6-
THC> A3-THC.

8. The 7-methyl group is not an absolute requirement for activity.

9. The benzopyran ring may be exchanged by some heterocyclic systems.

Therefore, changing the position of the double bond from A9- to A8- or A6- reduces
the potency, decreasing the length of the side chain by two carbons reduces potency by 75%,
and substitution of a hydroxyl group in the 11- position maintains the potency, while in the

8-position reduces the potency by 80 per cent.

1.5.1. Endocannabinoids

The first endocannabinoid to be discovered (1992) was arachidonoylethanolamide
(anandamide), followed by 2-arachidonoylglycerol (2-AG). These two compounds have a
cannabinoid receptor binding activity, but their physiological roles are still uncertain. It is
known that they are both produced on demand from precursors by pathways that involve
phospholipases D and C, and they are able to bind and stimulate the CB receptors [31].

In general, the main function of the endocannabinoid system is to regulate synaptic

neurotransmission; CB1 regulates the one of excitatory and inhibitory circuits. In fact, in
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response to depolarization and Ca®* fluxes, endocannabinoids are released to inhibit more
stimulation of CB1 receptor. Furthermore, this system is believed to influence different
functions; there is in fact evidence that cannabinoids affect the activity of most

neurotransmitters [31].

22



Chapter 2: Gas Chromatography-Mass

Spectrometry

All forms of chromatography involve the distribution of a compound between two
different phases, one stationary and the other mobile. In a mixture, this partitioning is based
on the solubility of the compounds in each phase. The different solubility causes the
compounds to be physically divided, with the ones having greater solubility in the stationary
phase eluting later than those with less solubility [40].

In gas chromatography, the mobile phase is an inert carrier gas, and the stationary
phase is a high molecular weight liquid attached to the walls of a capillary column. A GC
instrument usually uses helium, nitrogen or hydrogen as the carrier gas, and its flow into the
sample injection device is controlled by pressure regulators and valves. The requirements
for the carrier gas are <0.1 ppm oxygen, moisture, or trace hydrocarbons [41]. A column is
attached to the injection port, and samples are introduced through the carrier gas, after
having been vaporized at sufficient temperature; the sample is introduced via a microliter
syringe which is forced into the injection port. The column is inserted in an oven, where the
temperature control to +0.1°C is the main aim. The oven can work in different methods;
isothermal, single-gradient, step gradient, and multicycle [41]. A detector is directly attached
to the end of the column, and it must be insensitive to the carrier gas, while it must be able
to detect compounds as they elute; its response is recorded with time, creating a
chromatogram (Figure 2-1). The qualitative information are found in the retention time of

the analyte, while the quantitative ones in the peak area [41].
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Figure 2-1:.Scheme of a GC instrument. 1, Gas Tank; 2, flow rate regulator,; 3, injection port; 4, column, 5, oven, 0,

detector; 7, recorder.

2.1. Types of injection

2.1.1. Split and Splitless injection

There are two different modes of injection, based on the concentration of the
compounds; split and splitless. For high concentration analytes the split mode is used. To
prevent overloading of the column the set ratio of flow between the column and the split
vent splits the heated sample in two inequivalent portions; the larger portion is vented from
the system, while the smaller one is injected into the column. The advantages are that this
technique is simple, and it provides high column efficiencies, but on the other hand it
discriminates toward higher boiling compounds.

The splitless injection is used for samples that contain traces of compounds, and that
would not reach the limit of detection if vented out of the system. In this mode, the sample
undergoes flash vaporization and it is reconcentrated at the head of the column; without

reconcentration, the efficiency of the separation would be reduced and the band widths
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would be increased. The main advantage of the splitless mode is a greater sensitivity, but

the transfer in the column is slow, causing broad initial bands [42,43].

2.1.2. Direct Injection

The hardware is similar to the one for the splitless injection, but without the split
outlet. This method is used with packed columns, and it is use for t