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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash For millennia, various cultures have utilized cannabis for food, textile fiber, ethno-medicines, and pharmaco-

therapy, owing to its medicinal potential and psychotropic effects. An in-depth exploration of its historical,

Keywords: chemical, and therapeutic dimensions provides context for its contemporary understanding. The criminalization
Cannabis . of cannabis in many countries was influenced by the presence of psychoactive cannabinoids; however, scientific
?::;:f;?mds advances and growing public awareness have renewed interest in cannabis-related products, especially for
Flavonoids medical use. Described as a ’treasure trove,” cannabis produces a diverse array of cannabinoids and non-
Stilbenoids cannabinoid compounds. Recent research focuses on cannabinoids for treating conditions such as anxiety,
Lignans depression, chronic pain, Alzheimer’s, Parkinson’s, and epilepsy. Additionally, secondary metabolites like
Receptors phenolic compounds, terpenes, and terpenoids are increasingly recognized for their therapeutic effects and their

synergistic role with cannabinoids. These compounds show potential in treating neuro and non-neuro disorders,
and studies suggest their promise as antitumoral agents. This comprehensive review integrates historical,
chemical, and therapeutic perspectives on cannabis, highlighting contemporary research and its vast potential in

Therapeutic effects

medicine.

1. Introduction

Cannabis is one of the most ancient plants recognized by humans,
widely cultivated, consumed, and utilized several millennia ago in
eastern and central Asia [34,103]. Historically, it was a source for food,
and fiber for tissue and rope as some archaeological artifacts suggests
[153], historical records dating back to at least the third millennium BC
mentioned its use for religious or spiritual purposes [146]. Several
scholars postulate that Cannabis’s existence goes as far back as the
Pleistocene epoch. Paleo-botanical research provides evidence of its
presence during the Holocene epoch approximately 11,700 years ago, in
the regions around East and Central Asia, near the Altai Mountains
[146]. First traces were found in a cave in China in 1900; hemp tissue
dating around 12.000 BCE [67]. and its fibers were unearthed in clay
vessels from graves dating as far back as 10,000 BCE [161]. For its
medicinal and psychotropic properties, it has spread worldwide nowa-
days due to human cultivation [100,146].

Cannabis was used in shamanistic rituals and in Chinese medicine
around 2700-2300 BC and it is documented in written records of
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Ayurvedic medicine, and by archaeobotanical evidence found in West-
ern China, precisely in the Yanghai Tombs dating back over 4500 years
[146,161]. Furthermore, it is documented during the Han Dynasty
(between about 206 BC and 220 AD) by the botanist Shen-Nung in the
first known Pharmacopoeia; the "Shen Nung Pen Ts’ao Ching”, where it
is recommended to treat gout, rheumatism, malaraia, alleviate weight
loss and weakness, referred to as waste diseace, constipation, and female’s
disorders or menstrual issues [100]. This founder of Chinese medicine
has discovered the first therapeutic interests of the plant by exper-
imenting it on himself [100,180], while the physician Hua T’o used
cannabis as anesthetic on his patient undergoing surgical operations on
abdominal organs [100]. While in India, using this plant was common
for both therapeutic and recreational purposes [121,181] and became
part of the Hindu religion around 1000-year BC, making its way to
Europe sometime between 1000 and 2000 B.C [73]. Various forms of
archaeobotanical evidence, encompassing chemical compounds, mac-
rofossils (seeds, fibers...), as well as microfossils (pollen, trichomes,
phytoliths...) have been retrieved from multiple archaeological sites
spanning the regions of Asia to Europe [146]. which proves the
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spreading use of cannabis from Asia, traversing the Silk Road, and
extending to Europe and Africa [173]. According to a papyrus that
presents cannabis as a sacred plant of the pharaohs, Africa discovered
cannabis after Asia and Europe, Egypt being its first destination, under
the reign of Amenhotep 1st in the 16th century BC [15]. Its spreading
across Africa was slow, it was introduced to the Maghrib region in the
7th century CE during the Arab invasions of North Africa. Bioactive
Traces dating from the beginning of the 13th century AC were found in
Kenya and Ethiopia, and from the 15th century in South Africa [11]
where it was used to treat snake bites, facilitate childbirth, fight malaria,
fever, or dysentery [52]. Around this time, cannabis was implanted in
Morocco, precisely in the region Sanhaja, in the Rif [78]. Furthermore, it
became a very important economic stake, which explains its entry to the
American territory, starting with South America (mainly Chile) in the
mid-1500s, and later on, its cultivation reached North America in the
early 1600s, where it was used for religious rituals and to treat some
pathologies, such as toothache, and stomachache [180,47,73]. The plant
was also used as a fiber, thus the declaration of Independence of the
United States was written on hemp paper in 1776 [191]. During the
colonial era (1882-1960), hemp cultivation was encouraged in Latin
America by Spanish kings for its versatile fibers used in fabric and rope
production [123].

In the slow progression of Western Medicine, limited cannabis usage
was recognized during the first half of 19th century, thanks to the work
of the Irish doctor William B. O’Shaughnessy and the French psychiatrist
Jacques-Joseph Moreau. The former discovered in 1839 the potential of
this plant to stimulate appetite, relieve pain, and prevent convulsions, he
also widely described its use in different countries, as well as different
efficacious human trials employing cannabis formulations against
rheumatism and muscle contractions, especially those caused by tetanus
and rabies [13,146]. Moreau, for his part, published “Du Hachisch et de
I'Aliénation mentale: Etudes psychologiques* in 1845, a book containing
thorough explanations of cannabis’s short-term impacts in humans, after
conducting several experiments using different preparations of
cannabis: first on himself and later on his students [126,198,47,52].
Furthermore, in the mid-19th century, cannabis extracts were included
in the American pharmacopoeia [161], and Queen Victoria was advised
to use it as an herbal tea as a remedy for dysmenorrhea [13].

The ancient records spanning from ancient China to Africa, doc-
umenting cannabis’s therapeutic and psychoactive properties laid the
groundwork for recognizing its potential benefits, and informed Western
interest and medieval medicine in its potential for pain management and
mental health applications, guiding subsequent research into its anal-
gesic and anti-inflammatory properties. Moreover, the increasing
comprehension of cannabis characteristics contributed to its broader use
for both medicinal and recreational purposes during the 20th century.
Nevertheless, research progress regarding its medicinal beneficial effects
was hindered due to prejudice and misinformation, [111,66,73] and the
financial significance of its seeds became negligible by the mid-20th
century, as they were mainly utilized as animal feed and, sometimes,
consumed by humans [161]. Due to its high abuse liability, its utilization
was strongly prohibited and was removed from the British pharmaco-
peia [32]. Later on, in 1937, all its medicinal uses were functionally
ended by the USA federal legalization: the “Marihuana Tax Act”, before
removing it from the “National Formulary and Pharmacopoeia” in 1941
[32,139]. During the latter part of the 20th century, cannabis acquired a
significant societal significance as its use for epicurean pursuits surged
significantly. Since the 1960s, the young population of the Western
world commonly used it as recreational drug, and the rise of hedonism
and psychedelia contributed to its widespread internationally in the
illicit market, making it the world’s top prohibited entertaining drug
[161]. Throughout this surge, In Morocco, cannabis cultivation
extended from the Rif region westward to Laarache and southward to
Taounate [78]. However, cultivated areas declined after the United
Nations ratified the single convention on narcotic drugs in 1961 [55,
190].
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In 1964, Professor Raphael Mechoulam discovered and isolated the
psychoactive molecule; tetrahydrocannabinol THC, thus promoting an
increase in research initiatives focused on active components of this
plant from that date on [70,119]. In 1985, the United States Food and
Drugs Administration (US FDA) reconsidered using cannabinoids as
medicines, and granted approval for Marinol (dronabinol) and Cesamet
(nabilone) as synthetic counterparts of THC, specifically to manage
nausea and vomiting induced by cancer chemotherapy [32]. This
approval marked a significant step in the historical use of cannabis, as
nowadays, integrating traditional knowledge of cannabis with modern
scientific methods can enhance treatment approaches, while cultural
sensitivity ensures ethical considerations in cannabis’s medical use and
commercialization. Broadening research beyond conventional domains
may unveil new therapeutic applications, leveraging historical insights
into safe usage and optimal dosage to maximize cannabis’s benefits and
mitigate risks in clinical practices. However, according to Wilkinson and
D’Souza; the nature of the plant, and the limited understanding of its
properties and therapeutic impacts makes its medicalizing and/or
incorporating into a pharmaceutical composition rather complex [73].

Since the enactment of the 2014 Farm Bill, there has been a gradual
easing of restrictions on the cultivation and production of cannabis in
the United States [89], from 2010 to 2015, cannabis was cultivated in
135 countries [68]. By then, the European Food Safety Authority (EFSA)
set 0.3 wt% as a threshold of A9-THC content in edible items, aiming to
ensure public health safety [43]. Afterwards, the Agricultural
Improvement Act of 2018, commonly known as the 2018 Farm Bill,
brought about a significant change by excluding hemp from the federal
Schedule I substances as per the Controlled Substances Act. Subse-
quently, in June 2018, the introduction of the first legitimate medical
product laid the foundation for a thriving CBD market [93,185].
Nowadays, the Cannabis plant has achieved global distribution, flour-
ishing in a variety of altitudes, well adapting to diverse soil types and
different climatic zones, even the most unfavorable (Suman [40,46]).
According the latest World Drug Report (2022) China is considered the
biggest producer of cannabis internationally, however, the largest pro-
duction of cannabis resin occurs in Morocco [184].

Current regulatory frameworks influence profoundly the pace and
direction of scientific research into cannabis-based therapies. Regula-
tory frameworks dictate funding availability, access to research mate-
rials, and the feasibility of conducting studies. Clear and consistent laws
that differentiate between medical and recreational cannabis uses are
essential. These frameworks should streamline processes for obtaining
research licenses and accessing cannabis-derived compounds, while also
addressing misconceptions, reducing stigma, and promoting informed
discussions. Standardizing cannabis cultivation, extraction, and product
manufacturing protocols ensures research consistency and product
quality. Adequate governmental and private sector funding is crucial to
support comprehensive clinical trials, longitudinal studies, and basic
research. Furthermore, fostering international collaboration among re-
searchers, policymakers, and healthcare professionals is needed to
accelerate scientific discovery and achieve regulatory alignment glob-
ally. Overcoming these regulatory barriers through comprehensive re-
forms, increased funding, stringent quality control standards, and
collaborative efforts can fully unlock the therapeutic potential of
cannabis for treating a variety of medical conditions.

In the grey literature, the reviews on cannabis are existing but often
fragmented, with papers typically focusing on specific aspects such as
isolated compounds, cultivation techniques, extraction methodologies,
or particular therapeutic applications, comparing in vivo or in vitro
studies. In contrast, this comprehensive review aims to consolidate a
wide array of information into a single document. By integrating a wide
array of aspects including historical and legislative context, botanical
classification and variety descriptions, chemical composition high-
lighting cannabinoids, terpenes, and phenolic compounds, insights into
biosynthetic pathways, and exploration of documented therapeutic po-
tentials across diverse medical disciplines, this review serves as
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cornerstone for future research endeavors. It provides researchers and
clinicians alike with a holistic overview of existing data and insights into
the multifaceted aspects of cannabis science. This synthesis not only
bridges gaps in current knowledge but also offers a cohesive framework
that encourages further exploration and hypothesis-driven studies in
cannabis research (Tables 1-3).

2. Origin and botanical classification of Cannabis

The plant’s name originated from the Scythians, adopted into Persian
as 'kanab,” Greek as 'kawvafic’ (kannabis), and Latin as ’cannabis’ [13].
From an etymological point of view, the genus name "Cannabis," signi-
fying "cane-like," and the epithet name “sativa” meaning “planted or
sown,” indicates that cannabis grew from its seeds rather than its roots
[139,146,51]. It bears various common names across different lan-
guages, some of these are mentioned below [138,51,53]:

2.1. Botanical Classification

Up until the second half of the 18th century, the taxonomic classi-
fication of Cannabis has remained a topic of continuous debate
regardless of its use for millennia for diverse application [51], 1753
marked a pivotal moment for its modern botanical nomenclature upon
its initial classification by the Swedish botanist Carl Linnaeus considered
the father of modern taxonomy in the initial documented publication
employing the scientific species name “Species Plantarum” (Latin for
“The species of plants) [26,59]. Currently, according to the phylogenetic
classification APG IV (Angiosperm Phylogeny Group) of 2016, and to the
USA Department of Agriculture (2021) [51], Cannabis sativa is currently
classified as follows:

2.2. Genetic crosses and varieties

The number of cannabis species has been debated for a long time, up
until the early 70 s when Small and Cronquist [172] categorized it as a
genus having two subspecies, namely Indica or Marijuana englobing two
under subspecies -variety indica which is domesticated, and variety
kafiristanica considered wild- and Sativa which can also be broken down
to domesticated var. sativa and wild var. spontanea [156]. This early
classification simply distinguished two species of Cannabis: marijuana
(cannabis indica) and hemp (Cannabis sativa) [62], then in 1974,
Schultes, Klein, Plowman, and Lockwood have divided the cannabis
genus into three distinct subspecies according to their cannabinoid
composition, morphological, geographical, ecotypic or chemo-typic
differences: Sativa L, Indica Lam, and Ruderalis. This last one only
englobes wild varieties [74,146]. The differences between the species
primarily revolve around the general morphology of the plant, their
intended uses, and the optimal climatic conditions for cultivation [58].
Nevertheless, these distinctions are increasingly blurred due the endless
possibilities presented by numerous hybrid varieties [156].

Many scientists still consider the genus Cannabis to contain only two
major species: Sativa and Indica, given their economic importance be-
sides their broad abundance [91], while others acknowledge cannabis as
monotypic, while the remaining species are variations of sativa L
(Suman [41,199]).

The three species have noticeable morphological differences:

Sativa L: also known as industrial hemp, originated from Europe,
this variety is slender and tall, with a fibrous stem, quite long flowering,
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Table 2

taxonomic classification of Cannabis sativa.
Kingdom Plantae
SubKingdom Tracheobionta
Phylum Spermatophyta
Division Magnoliophyta
Class Magnoliopsida
Subclass Hamamelididae
Order Urticales // Rosales
Family Cannabaceae
Genus Cannabis
Species Cannabis sativa, Cannabis indica, Cannabis ruderalis

and narrow leaflets. It usually blooms later than indicas, taking
approximately 120 days to mature. While exhibiting an exceptionally
low concentration of the psychoactive compound A9-tetrahydrocan-
nabinol (A9-THC) <0.3 %, C. sativa L exhibits a greater abundance of
cannabidiol (CBD) compared to indica and ruderalis -usually CBDA is
the most abundant subsequently accompanied by CBD in a proportion
that could progressively diminish due to decarboxylation-[5,30,182].

The letter “L” represents Linnaeus as a tribute to his contributions as
he was the first one to name the species as Cannabis sativa [186].

Indica Lam: Originated from Asia, this drug-type plant is shorter
with a woody stem, broad leaflets, and compact habits. It matures early
producing a powerful distinct smell that causes intoxication if inhaled
[68]. This variety exhibit a more important concentration of THC
(A9-THC>0.3 %), therefore commonly known as a medicinal and rec-
reational drug [156,30,5].

Ruderalis: Cultivated in the Eurasian regions, it exhibits a sparse
and invasive growth pattern, varied leaflets, shorter stature, and small
size which gives it a wild looking. It contains intermediate levels of CBD
and A9-THC [1,193,51]. Ruderalis is characterized by its early bloom,
some of its representatives’ bloom even independently of the photope-
riod, which makes it an interesting variety for the acquisition of the trait
"auto-bloom", inexistent in the other varieties. It tolerates colder cli-
mates and difficult environmental conditions.

Hybrids: Furthermore, apart from the main varieties; indica, sativa
and ruderalis, these cultivars are commonly interbred and propagated to
generate hybrid phenotypes possessing various proportions of all three
types and desired characteristics [81]. exceeding 2300 diverse strains or
“chemovars” [1].

2.3. Botanical description of the plant

Botanically speaking, cannabis is mainly a dioecious plant, rarely
monoecious. Given the right environment, it exhibits rapid growth and
can attain a height of up to five meters within the span of 4-8 months,
typically from spring through autumn (Suman [41,51,56,114]). The
external environment factors and the genetic code influence the plant
phenotype (leaf shape, flower color...) [139].

Morphologically, C. sativa’s characteristics (size, shape...) depends
on its genetics, mainly it is a plant with a fluted woody branched stem, in
its lower part, there are opposite, palmate stipulate leaves that include
up to 7 unequal toothed and elongated segments, as it approaches the
apex of the stem, the leaves transition to a tri-segmented pattern or
adopt either a simple or an alternate arrangement [29]. The roots of the
plant are usually branched about 30-60 cm deep in wet soils. Staminate
or pistillate inflorescences consists of multiple flower heads arranged
along elongated leafy stalks, each individual flower yields a singular

Table 1
Different names of Cannabis.
Danish  English Russian Indian Arabic Chinese Dutch French German Spanish
ja, Al-Bh , Al- . . o .
hemp, Kannabis, sanja 'ango Xian ma, chanvre, chanvre d’inde, Hanf, indischer Mariguana,
hemp h . bhang, Hashish, Al- Hennep L. . ..
marihuana sativa Ye ma chanvre indien, chanvrier hanf, gras marijuana
charas Qanaap
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Table 3
Sub-categories of cannabinoids and the compounds identified up to date with
their common abbreviations.

Sub-category Compounds

Cannabidiol (CBD-C5)

Cannabidiolic acid (CBDA-C5)

Cannabidiol monomethyl ether (CBDM-C5)

e Cannabidiol-C4 (CBD-C4)

e Cannabidivarin (CBDV-C3)

Cannabidivarinic acid (CBDVA-C3)
Cannabidiorcol (CBD-C1)

Cannabigerol ((E)-CBGC5)

Cannabigerolic acid [(E)-CBGAC5]

e Cannabigerol monomethyl ether [(E)-CBGC5]
Cannabigerolic acid monomethyl ether [(E)
CBGAM-C5]

Cannabigerovarinic acid A [(E)-CBGVAC3]
Cannabigerovarin [(E)-CBGVC3]
Cannabinerolic acid A [(Z)-CBGVAC5]
Camagerol

Y-eudesmyl-cannabigerolate
a-cadinyl-cannabigerolate

Sesquicannabigerol
5-acetyl-4-hydroxycannabigerol
(+)-6,7-transepoxycannabigerolic acid
(+)-6,7-cisepoxycannabigerolic acid

e (+)-6,7-transepxoycannabigerol

e (+)-6,7-cis-epoxycannabigerol
(£)-Cannabichromene (CBC-C5)
(+)-Cannabichromenic acid (CBCA-C5)
(+)-Cannabivarichromene (CBVC-C3)

e (+)-Cannabivarichromevarinic acid (CBCVA-C3)
(+)-Cannabichromevarin (CBCV-C3)
2-Methyl-2-(4-methyl-2pentyl)-7-propyl-2 H-
1benzopyran-5-ol
(+)-4acetoxycannabichromene

o (+)-3"-hydroxy-A4’cannabichromene

o (-)-7-hydroxycannabichromane

Cannabicyclol (CBL-C5)

Cannabicyclolic acid (CBLA-C5)
Cannabicyclovarin (CBLV-C3)

e Cannabielsoic acid A (CBEA-C5A)
Cannabielsoin (CBE-C5)

e Cannabielsoic acid B (CBEA-C5B) C3-Cannabielsoic
acid B (CBEA-C3B)

C3-Cannabielsoin (CBE-C3)

Cannabinol (CBN-C5)

e Cannabinolic acid (CBNA-C5)

e Cannabinol methyl ether (CBNM-C5)
Cannabinol-C4 (CBN-C4)

Cannabivarin (CBN-C3)

Cannabinol-C2 (CBN-C2)

e Cannabiorcol-C1 (CBN-C1)

4-terpenyl cannabinolate

8-hydroxy cannabinolic acid A
8-hydroxycannabinol

1‘S-hydroxy-cannabinol

Cannabinodiol (CBND-C5)

Cannabinovarin (CBND-C3)
(-)-trans-Cannabitriol ((-)-transCBT-C5)
(+)-trans-Cannabitriol ((+)-transCBT-C5)
(&)-cis-Cannabitriol ((+)-cis-CBTC5)
(-)-trans-10-Ethoxy-9-hydroxyA6a(10a)-
tetrahydrocannabinol ((-)-transCBT-OEt-C5)
(&4)-trans-Cannabitriol-C3 ((£)-transCBT-C3)
Cannabitriol-C3- homologue (CBT-C3homologue)
(-)-trans-10-Ethoxy-9-hydroxyA6a(10a)
tetrahydrocannabivarin-C3 ((-)-transCBT-OEt-C3)
8,9-Dihydroxy-A6a(10a) tetrahydrocannabinol
(8,9-di-OHCBT-C5)

Cannabidiolic acid tetrahydrocannabitriol ester
(CBDA-C59-OH-CBTC5-ester)
(-)-A9-transtetrahydrocannabinol (A9-THC-C5)
(-)-A9-transtetrahydrocannabinolic acid A (49-
THCA-C5 A)
(-)-A9-transtetrahydrocannabinolic acid B (49-
THCA-C5 B)

Cannabidiol (CBD)

Cannabigerol (CBG)

Cannabichromene (CBC)

Cannabicyclol (CBL)

Cannabielsoin (CBE)

Cannabinol (CBN)

Cannabinodiol (CBND)

Cannabitriol (CBT)

A9- tetrahydrocannabinol
(A9-THC)
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Table 3 (continued)

Sub-category Compounds

(-)-A9-transtetrahydrocannabinol-C4 (49-THC-C4)
(-)-A9-transtetrahydrocannabinolic acid AC4 (A9-
THCA-C4)

(-)-A9-transtetrahydrocannabivarin (49-THCV-C3)
(-)-A9-transtetrahydrocannabivarinic acid (A9-
THCVAC3)

(-)-A9-transtetrahydrocannabiorcol (A9-THCO-C1)
(-)-A9-transtetrahydrocannabiorcolic acid (A9-
THCOACI A)
p-fenchyl-A9-transtetrahydrocannabinolate
a-fenchyl-A9-transtetrahydrocannabinolate
epi-bornyl-A9-transtetrahydrocannabinolate
bornyl-A9-transtetrahydrocannabinolate
o-terpenyl-A9-transtetrahydrocannabinolate
4-terpenyl-A9-transtetrahydrocannabinolate
a-cadinyl-A9-transtetrahydrocannabinolate
Y-eudesmyl-A9-transtetrahydrocannabinolate
Cannabisol
8a-hydroxy-A9-transtetrahydrocannabinolate
8p-hydroxy-A9-transtetrahydrocannabinolate
11-acetoxy-A9-transtetrahydrocannabinolic acid A
A9-THC aldehyde

8-0x0-A9-trans -tetrahydrocannabinol
A8-tetrahydrocannabinol (A8-THC-C5)

e A8-tetrahydrocannabinolic acid A (A8-THCA-C5 A)
e 10a-hydroxy-A8-tetrahydrocannabinol
10B-hydroxy-A8tetrahydrocannabinol
10aa-hydroxy-10-oxo-A8tetrahydrocannabinol

A8-tetrahydrocannabinol
(A8-THC)

brownish fruit, typically measuring 2-5 mm in length, encapsulating a
single seed encased in a robust shell [139]. Pistillate are short, dense,
with candlelike floral aggregates, while staminate are characterized by
their height, slim profile, a lower leaf density, and they bloom earlier
than pistillate [58,62]. These seeds are round dark red, or brownish,
tightly covered with a rigid shell, and they germinate after 8-12 days
[51,55].

On a microscopic scale, the main structure is the trichome, glandular
and non-glandular protuberance spiked on the leafy surface of flowers,
leaves, and stem of the plant [8]. These resinous structures are the
reservoir of phytocannabinoid and terpenoids, and they are accountable
for botanical interactions, shielding the plant, and its characteristic odor
[139].

Male flower plays a role in fertilization by pollinating the female
flower. While this phenomenon naturally transpires in the wild, delib-
erately generating new variations entails meticulous breeding within a
regulated setting. In the event that a male plant from one strain fertilizes
a female plant from a different one, the resultant seeds are hybrids, and
inherits traits of both parent types [74,157]. Through repetitive
breeding, specific characteristics can become more consistent.

3. The plant’s chemical constitution

Cannabis as a polymorphic plant have very complex composition,
producing different chemicals components that can be located in various
plant components (flowers, leaves, stalks, and seeds). The biggest main
group is cannabinoids- an exceptional category of terpenophenolic
active compounds, primarily limited to cannabis, plus other compounds:
terpenoids, flavonoids, alkaloids, stilbenoids, steroids, carbohydrates,
polysaccharides, fatty acids, and their esters, amides, amin-acids, phy-
tosterols, polyphenols, sterols, oils, waxes, proteins... Ashton [10,103,
106,114,144,150,17,49,79]. This chemical composition is affected
mainly by geographical conditions, variety, stage of the plant’s devel-
opment, the growth settings ((nutriments, humidity, light settings...),
harvest times, and storeroom conditions [114,125,20,43].

The number of isolated or identified compounds increases over the
years, starting with 423 in 1980, to more than 750 currently. Re-
searchers isolated 42 phenolics, 34 flavonoids, 120 terpenes and over
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125 cannabinoids [150,161,193,36,49]. Some non-cannabinoid com-
pounds create “the entourage effect”, exerting a synergy between them
and cannabinoids to enhance the overall effects [51,130] (Figs. 1-7).

3.1. Cannabinoids

3.1.1. Overview of cannabinoids

Cannabinoids are oxygenated tricyclic compounds with a benzo-
pyran structure [51]. In their natural form, their consist of 21 carbon
atoms, with variations in the side chain length linked to the aromatic
ring [161,25,51]. They are non-polar lipophilic compounds, typically
categorized into 3 types: endocannabinoids, synthetic cannabinoids, and
phytocannabinoids [1]. The first ones are mainly fund in the brain, they
are endogenous lipids that can affect physiological functions by inter-
acting with cannabinoid receptors [115], they are synthesized by nearly
all organisms within the Animalia kingdom [183]. Synthetic cannabi-
noids have similar capacities to phytocannabinoids, as they can bind
with the same affinity to human cannabinoid receptors [168]. As for
phyto-cannabinoid, they are a group of oxygenated aromatic metabo-
lites found in in C sativa, which has been classified into 11 different
categories [103,124,144,25]:

(i) Cannabidiol (CBD): This sub-category contains 7 known com-
pounds currently. It is a non-psychoactive cannabinoid that was
first discovered in 1940 by Roger, then in 1963, Mechoulam
updated and corrected its structure.

(i) Cannabigerol (CBG): It is a non-psychoactive cannabinoid iso-
lated by Mechoulam et al. in 1964. This sub-category currently
englobes 16 compounds.

(iii) Cannabichromene (CBC), englobing 9 cannabinoids, this com-
pound is non-psychoactive detected only in small quantities. It
was first discovered in 1966 by Mechoulam et al.

(iv) Cannabicyclol (CBL), with 3 compounds, first mentioned in
1964 by Korte et al. and was named “cannabipinol” by the same
group. Then in 1967 it was updated to “cannabicyclol” by
Mechoulam et al.

(v) Cannabielsoin (CBE), englobing 5 compounds, first mentioned
in 1973 (Johnson et al., 2020).

(vi) Cannabinol (CBN), in this psychoactive sub-group, 11 com-
pounds were isolated until now. Robert S. Cann. marked the
initial discovery and isolation of cannabinoids, as he identified
CBN as the first naturally occurring one in 1896 (Nahar et al.,
2021; [144]).
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(vii) Cannabinodiol (CBND), a psychoactive sub-category containing
2 compounds, first mentioned in 1972 and updated in 1977
(Johnson et al., 2020).

(viii) Cannabitriol (CBT), with 9 compounds, this sub-group was
isolated it 1966, and its structure was reported in 1976 (Johnson
et al., 2020; Mechoulam and Hanus, 2000).

(ix) A9- tetrahydrocannabinol (A9-THC), containing 23 com-
pounds, its chemical structure initially reported in 1942, then its
accurate structure was subsequently documented in 1964 ([70];
Mechoulam, 1986). Being the main psychoactive compound in
plant, it induces a sense of euphoria ([51]; Sirangelo et al., 2022),
the content of this volatile lipophilic compound varies across
distinct plant sections [81], resulting in the highest concentration
within flowers (10-12 %), lower amounts in leaves (1-2 %), and
minimal levels in stems (0.1-0.3 %) and roots (<0.03 %) [51].

(x) A8-tetrahydrocannabinol (A8-THC) englobing 5 compounds, it
was first identified in 1966, then its structure was updated in in
1970.

(xi) Miscellaneous, currently, this sub-category englobe 30 com-

pounds discovered by different researchers up until 2005.

3.1.2. The biosynthesis of cannabinoids

Cannabinoids are biosynthesized and found within the living plant in
their respective carboxylic acid state, precisely in resin secreted within
pistillate’ s glands (Nahar et al., 2021; Sirangelo et al., 2022). Due to
their instability, they undergo a non-enzymatic decarboxylation to form
neutral homologues that are more active and efficient pharmacologi-
cally, because of combustion (smoking), drying, light or storage condi-
tions after harvesting [139,149,161,49,51,61].

Cannabis trichomes are either glandular or non-glandular; these last
ones serve to protect the plant tissues against biotic (caused by living
organism: pathogens, pests, or weed) and abiotic stresses (due to envi-
ronmental factors: heat or cold stress, salt stress, water stress...) [71],
while the gland-rich ones are in charge of producing and storing
bioactive compounds mainly cannabinoids and terpenes. They can be
categorized as stalked, sessile, or bulbous. Among these, bulbous tri-
chomes yield fewer cannabinoids compared to the other varieties [80],
As the flowers and seeds mature, the cannabinoid levels in the resin
undergoes alterations, with the highest levels occurring at flower
maturity and in warmer temperatures (Sirangelo et al., 2022).

Cannabigerolic acid CBGA is the predominant cannabinoid acid
present in unprocessed plant material. It is produced through the com-
bination of olivetolic acid (OLA) with geranyl diphosphate (GPP) [104,
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Fig. 1. Chemical structures of main cannabinoids in Cannabis sativa. 1: CBD (Cy1H3002, 314,22 g/mol), 2: CBG (C31H320,, 316,24 g/mol), 3: CBC (Cy1H300-,
314,22 g/mol), 4: CBL: (C31H3002, 314,22 g/mol), 5: CBE (C2;H3003, 330,22 g/mol), 6: CBN (C21H2605, 310,19 g/mol), 7: CBND (Cz1H2605, 310,19 g/mol), 8: CBT
(C21H3004, 346,21 g/mol), 9: A9-THC (Cz;H300,, 314,22 g/mol), 10: A8-THC (Cy;1H3¢0,, 314,22 g/mol).
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108,20]. As the biosynthetic precursor for major cannabinoids, CBGA is
cyclized to produce the acids THCA, CBDA and CBCA, through different
reactions in which CBGA undergoes oxidation via flavin adenine dinu-
cleotide (FAD)-dependent oxidases, specifically, A9-THCA synthase,
CBDA synthase, and CBCA synthase [103]. After that, CBDA and THCA
are cyclized to produce cannabinodiolic acid (CBNDA) and Cannabinolic
acid (CBNA), respectively. Furthermore, other acids can be synthesized:
cannabielsoic acid (CBEA) is the hydroxylated form of CBDA with one
phenolic oxygen atom attached to the monoterpene unit, Cannabicy-
clolic acid (CBLA) is an extended version of CBCA, with two extra rings.
Meanwhile, Cannabitriolic acid (CBTA) represents a hydroxylated
variation of A9-THCA, marked by the presence of two additional hy-
droxyl groups at distinct positions [20,51].

Despite the not intoxicant nature of the acids, they spontaneously
decarboxylate upon heating on under alkaline conditions [44]. CBGA
decarboxylate to cannabigerol CBG, A9-THCA (which consist 95 % of
A9-THC in fresh plants), convert into its psychoactive precursor
A9-THC, that produces CBN by oxidation, or A8-THC by isomerization.
Also, CBDA (which consist 95 % of CBD in fresh biomass) and CBCA
decarboxylate to CBD and CBC, respectively [51,58]. Furthermore, CBD,
CBC, and CBL coverts to cannabicyclolic CBL, cannabicyclolic acid
(CBLA), and cannabigerol (CBG) [149,42,5].

Understanding the biosynthetic pathways of cannabinoids holds
significant potential for developing specific therapeutic compounds with
enhanced efficacy and tailored effects. This approach, known as syn-
thetic biology or metabolic engineering, entails altering genetic and
enzymatic processes in plants or microorganisms to optimize the pro-
duction of desired compounds. Techniques such as molecular breeding,
tissue culture, and genetic engineering can be employed to selectively
breed cannabis varieties with targeted traits. Additionally, cannabis
micropropagation allows for rapid multiplication while maintaining
genetic integrity. Integrating gene editing methods to modify RNA and

regulate gene expression within cannabis offers further tools to precisely
control or modify biosynthetic pathways, thereby achieving desired
cannabis characteristics [170]. However, the biosynthetic origin and
genetic regulation of many potentially therapeutically relevant com-
pounds is still unknown, limiting the possibilities of controlling
biochemical pathways, as metabolic engineering in yeast and cell-free
platforms are not yet compatible with commercial-scale production,
while molecular pharming through the development of cell cultures is
complicated by the complexity of cannabinoids at low molar concen-
trations [188]

3.1.3. The endocannabinoid system ECS and CB receptors

After the identification of Tetrahydrocannabinol (THC) and its
isolation in 1964, Dr. Raphael Mechoulam discovered the human
endocannabinoid system ECS during the late 80s. an endogenous
signaling system able to modulate and adjust diverse physiological
processes. Carcieri et al., [36,156]. To date, the major cannabinoid re-
ceptors identified are CB1 and CB2 (or CB1R and CB2R), categorized
within the membrane protein family GPCR or G protein-coupled re-
ceptors, with unique pharmacological and signaling properties [51,
156]. As Cannabinergics (molecules —irrespective of its chemical or
therapeutic activities- that modulates the ECS, including CB1 or CB2
receptor agonists or antagonists, compounds that serve as substrates or
inhibitors for fatty-acid amide hydrolase, as well as the endocannabi-
noid transporters [135], cannabinoids can mimic endogenous ligands of
the ECS. Other than CB1 and CB2, their physiological impacts are also
mediated via alpha- and beta-adrenergic receptors, and the newly
identified GPR55, GPR3 and GPRS5 in the brain, also belonging to G
protein-coupled receptors [99]. Moreover, cannabinoids can bind to
non-cannabinoid receptors and other channels in the body.

CB1 is a central receptor mainly abundant in the brain, and spinal
cord, moreover, it is found in low levels within, reproductive cells, the
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Fig. 4. Main terpenoids found in Cannabis sativa.1: Limonene (C;oH16, 136.23 g/mol), 2: B-myrcene (C1oH6, 136.23 g/mol), 3: a-pinene (C;oH;¢, 136.23 g/mol),
4: Linalool (C;0H;50, 154.14 g/mol), 5: a-terpinolene (C;oH;6, 136.23 g/mol) 6: Trans-ocimene (C;oH;6, 136.23 g/mol) 7: E-caryophyllene (C;5Hz4, 204.35 g/
mol), 8: E-p-farnesene (C;5Hz4, 204.35 g/mol), 9: Caryophyllene oxide (C;5H240, 220.18 g/mol), 10: Phytol (CyoH400, 296.31 g/mol), 11: Friedelin (C3oHs03,

426.39 g/mol), 12: Vomifoliol (C;3H500, 224.14 g/mol), 13: p-ionone (C;3H300, 192.15 g/mol).

immune system, and several organs (kidney, liver...). This receptor
regulates the liberation of various neurotransmitters including acetyl-
choline related to cognitive functions, norepinephrine involved in
regulating heart rate, blood pressure..., the inhibitory neurotransmitter
gamma-aminobutyric acid (GABA), the excitatory neurotransmitter
glutamate involved in cognitive processes, dopamine... [156].

CB2 is a peripheral receptor located in immune cells as it plays a role
to modulate their migration and release cytokines, also it is present in

gastrointestinal tract and in neuronal and non-neuronal brain cells at
low levels [125,135,156].

THC was characterized as a compound with partial agonistic activity
at CB1 and CB2 receptors, binding to both, the first one being respon-
sible for mediating most of its psychoactive and analgesic effects.
Moreover, THC’s interaction with CB1 inhibits ongoing neurotrans-
mitter release [110,149,156,178,96]. While CBD exhibits negligible
affinity for CB1 and CB2 receptors, resulting in minimal binding, it
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Fig. 5. Major flavonoids isolated from Cannabis sativa: 1: Kaempferol (C;5H;006, 286,05 g/mol, IUPAC name: 3,5,7-trihydroxy-2-(4hydroxyphenyl)chromen-4-
one), 2: Quercetin (C;5H;007, 302,04 g/mol, IUPAC name: 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one), 3: Apigenin (C;5H;00s, 270,05 g/mol,
IUPAC name: 5,7-dihydroxy-2-(4-hydroxyphenyl)chromen-4-one), 4: Vitexin (C21H20010, 432,11 g/mol, IUPAC name: 5,7-dihydroxy-2-(4-hydroxyphenyl)-8-
[(2 S,3 R,4 R,5 S,6 R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yllchromen-4-one), 5: Isovitexin (Cp;H20010, 432,11 g/mol, IUPAC name: 5,7-dihydroxy-2-(4-
hydroxyphenyl)-6-[(2 S,3 R,4 R,5 S,6 R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]chromen-4-one), 6: Orientin (C3;H20011, 448,10 g/mol, IUPAC name: 2-
(3,4-dihydroxyphenyl)-5,7-dihydroxy-8-[(2 S,3 R,4 R,5 S,6 R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]chromen-4-one), 7: Luteolin (C;5H;006, 286,05 g/mol,
IUPAC name: 2-(3,4-dihydroxyphenyl)-5,7-dihydroxychromen-4-one), 8: Cannflavin A (CysH2g06, 436,19 g/mol, IUPAC name: 6-[(2E)-3,7-dimethylocta-2,6-
dienyl]-5,7-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)chromen-4-one), 9: Cannflavin B (C2;H3006, 368,13 g/mol, IUPAC name: 5,7-dihydroxy-2-(4-hydroxy-3-
methoxyphenyl)-6-(3-methylbut-2-enyl)chromen-4-one), 10: Cannflavin C (CocH2806, 436,19 g/mol, IUPAC name: 8-[(2E)-3,7-dimethylocta-2,6-dienyl]-5,7-dihy-
droxy-2-(4-hydroxy-3-methoxyphenyl)chromen-4-one).
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Fig. 6. Major active stilbenes found in Cannabis sativa. 1: Canniprene (Cy1Hc04, 342,44 g/mol, IUPAC name: 3-[2-(3-hydroxy-5-methoxyphenyl) ethyl]-6-
methoxy-2-(3-methylbut-2-enyl)phenol), 2: Cannabispiran (C;sH;g03, 246,31 g/mol, IUPAC name: 4-hydroxy-6-methoxyspiro[1,2-dihydroindene-3,4"-cyclo-
hexane]-1-one), 3: Cannabispirenone A (C;5H;603, 244,11 g/mol, TUPAC name: 4-hydroxy-6-methoxyspiro[1,2-dihydroindene-3,4"-cyclohex-2-ene]-1-one, 4:
Denbinobin (C;¢H;20s, 284,27 g/mol, IUPAC name: 5-hydroxy-3,7-dimethoxyphenanthrene-1,4-dione).
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interacts with them as a negative allosteric modulator (reduces or inhibit
their activity) [110,178,36,96]. Also, CBD binds to GPR55 receptors in
the cerebellum, and to the body’s ion channels and non-cannabinoid
receptors [156].

Several studies have revealed that THC and CBD’s interaction with
the endocannabinoid system receptors is crucial to the transmission of
the nociceptive information (the sensory signals related to the detection
and processing of pain or noxious stimuli in the body), giving feedback
responses to modulate mood, pain, muscle relaxation, queasiness and
more. Hacke et al., [77,112]. Furthermore, THC’s immunomodulatory
activity binds to the receptors of the immune system. These interactions
with both the nervous and the immune systems affect various processes
in the human body: neuroinflammation, bone remodeling, atheroscle-
rosis, appetite, and pain management. Furthermore, it acts as an anti-
emetic, antikinetosic, and intraocular hypotensive agent (helps lower
intraocular pressure (IOP) or fluid pressure inside the eye [36,149].

Studies of cannabinoids led to the emergence of the “entourage ef-
fect” concept: the therapeutic potential of the whole plant is derived
from the synergistic interplay of numerous cannabinoids (approximately
more than 100), rather than solely relying on a single molecule. Addo
et al., [1,4]. The “entourage effect” was first observed in the binding
affinity of endocannabinoid system ligand 2-arachidonoylglycerol
(2-AG) for the endocannabinoid receptor 1 (CB1), as palmitoyl glyc-
erol and linoleyl glycerol enhanced the binding affinity of 2-AG for CB1
[19]. This term was later adopted for the synergy between bioactive
compounds, referring to the concept that plants have better therapeutic
activity than the natural products isolated from them [92].

3.2. Terpenes

These molecules constitute the second largest class among com-
pounds found in this plant with over 120 identified so far. They are
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Fig. 7. Main lignans isolated form Cannabis sativa. 1: Cannabisin A (C34H3oN2Og, 594.22 g/mol), 2: Cannabisin B (C34H32N>0g, 596.22 g/mol), 3: Cannabisin C
(C35H34N20g, 610.23 g/mol), 4: Cannabisin D (C3cH36N20g, 624.25 g/mol), 5: Cannabisin E (C3gH3gN2Og, 642.26 g/mol), 6: Cannabisin F (C3¢H3cN2Osg,
624.25 g/mol), 7: Cannabisin G (C3gH3¢N20g, 624.25 g/mol), 8: Cannabisin M (C34H35N20g, 596.22 g/mol), 9: N-trans-coumaroyltyramine (C;7H;7NOs3,
283.12 g/mol), 10: Grossamide (C3gH3¢N20g, 624.25 g/mol), 11: N-trans-caffeoyltyramine (C;7H;7NO4, 299.12 g/mol), 12: N-trans-feruloyltramine

(C18H19N04, 313.13 g/mol)

aromatic, lipophilic molecules mainly found withing glandular tri-
chomes of the inflorescences, and are responsible for their characteristic
aroma. Isidore et al., [83,139] These compounds are hydrocarbons
derived from isoprene (CsHg) [94], they are primarily obtained from
flowers, roots, leaves, trichomes, and essential oils [103]. Simonsen and
Todd categorized terpenes as a separate category from cannabinoids for
the first time in 1942. Sommano et al., [173]

Terpenoids also known as isoprenoids, are oxygen-contained ter-
penes that have various roles in plants, including functioning as phy-
tohormones, membrane stabilizers, and participating in respiration,
photosynthesis, signaling and protective mechanisms [64]. They can
exist as linear, monocyclic, or polycyclic hydrocarbons possessing
diverse functional groups like alcohols, ethers, aldehydes, ketones, and
esters [51,56]. These compounds were demonstrated to exhibit syner-
gistic effects with cannabinoids. Pegoraro et al., [145].

Various categories of terpenes/terpenoids are isolated from
cannabis:

e Monoterpenes (10 C): consisting of two isoprene units; englobing 61
compounds [150,194,94].They are volatile compounds that add to
the unique, characteristic odor [94,194]. The main compounds are
limonene, f-myrcene, o-pinene, linalool, o-terpinolene and

tranocimene. Their content in the plant increases in the late harvest
time [83].

Sesquiterpenes (15 C) of three isoprenes; containing 51 compounds
[150], they are semi-volatile compounds, also contributing to the
distinctive odor [94,194]. The main compounds are E-car-
yophyllene, E-B-farnesene, caryophyllene oxide, and p-car-
yophyllene, and their content is the highest in the earlier harvest
time [83].

Diterpenes (20 C) of four isoprenes; exist as steroids, waxes, and
resins. Currently, only 2 compounds are found in Cannabis sativa:
Phytol and neophytadiene [150].

Triterpenes (30 C) of six isoprenes; exist as steroids, waxes, and
resins across different plant sections: stem, leaves, or roots (where
the highest content has been recovered). The major compound;
Friedelin was discovered in 1971 along with epifriedelin, which has
been detected along with f-amyrin in smaller amounts [83].
Miscellaneous Terpenes: four terpenes belonging to this sub-
category, two were isolated form the plant’s stems and leaves:
vomifoliol and dihydrovomifoliol while p-ionone and dihy-
droactinidiolide were identified in the plant’s oil [150].

Terpenes and terpenoids can be lost during the decarboxylation and
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the drying processes, due to the oxidative changes [58,83].
3.3. Phenolic Compounds

Within cannabis, phenolic compounds are classified into three main
categories: flavonoids, stilbenoids and lignans [147,83,85]. The first two
are mainly identified in leaves, stalks, and inflorescence, whereas
lignans are primarily found in seeds, roots, and fruits [65,147]. During
the growth of the plant, the content of these phenolic compounds de-
creases as they condensate with terpenes to form cannabinoids [83,
106].

3.3.1. Flavonoids

They are found in leaves, flowers, seeds, and pollen, and they
constitute the biggest group within phenolic compounds. They are
specialized metabolites considered as capable to enhance the plant’s
diverse medicinal capabilities [51,103]. More than 34 flavonoids were
isolated from this plant, including kaempferol, quercetin, apigenin,
vitexin, isovitexin, orientin, luteolin, and 3 flavones with prenyl or
geranyl groups known as cannflavin A, B, and C. Bautista et al., [103,
161,17,56] Their concentrations within cannabis exhibits significant
variation among species and among distinct plant components. Moreno
et al., [130] Moreover, their production is impacted by environmental
elements notably solar irradiance, thermal conditions, moisture, and
precipitation [17,35,51], moreover, creating special circumstances
including instances of biotic and abiotic stresses are necessary to pro-
duce some of these compounds.[1]

3.3.2. Stilbenes

Stilbenes are found in the inflorescences, stalk, verdures, and tri-
chomes of the plant. They are mainly classified into 3 categories: [103,
150,83]

Phenanthrenes or Dihydrophenanthrenes, containing 7 compounds.

Dihydrostilbenes: englobing 12 compounds, among them Canni-
prene that showed anti-inflammatory activity.

Spiro-indans: containing 16 compounds, of which Cannabispirone
and cannabispirenone A, the main compounds of this category demon-
strated potential effects against inflammation and cancer. Another
compound; denbinobin showed pro-oxidative and antileukemic prop-
erties on human cancerous cells.

3.3.3. Lignans

Lignans derived from C. sativa fall into two primary categories:
phenolic amides and lignanamides [83]. For the first group, five com-
pounds were detected in trace amounts in cannabis: N-trans--
coumaroyltyramine, N-trans-feruloyltyramine, N-trans-caffeoyltyramine,
N-trans-caffeoyloctopamine and N-trans-coumaroyloctopamine. Isidore
etal., [83] As for Lignanamides, more than 14 molecules were isolated from
cannabis, among them: Cannabisin molecules A, B, C, D, E, F, G, M, Nand O,
3,3’ -dimethyl-heliotropamide, grossamide, etc.

These compounds exhibit potent abilities to combat inflammation,
oxidative stress, cancer, and high lipid levels as evidenced by cell cul-
ture, in vivo, and in vitro studies. Montero et al., [123] N-trans--
caffeoyltyramine and cannabisin A have been reported to have powerful
antioxidant capabilities, whereas grossamide and cannabisin F were
documented for their ability to manage inflammation. Also, some
lignanamides are considered promising prospective agents for multi-
faceted therapy against Alzheimer’s disease as they function as acetyl-
cholinesterase inhibitors while also displaying antioxidant properties.
Isidore et al., [83,123]

4. Therapeutic proprieties of cannabis
Based on a survey involving 953 individuals across 31 country, this

plant is known as a treatment for various symptoms and cases, partic-
ularly for pain management, anxiety, depression, and insomnia [125]. In
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Morocco, the therapeutic use of plant species is deeply rooted in culture
and tradition, partly due to the challenges in supplying contemporary
pharmaceuticals [38].

4.1. Cannabinoids

The impacts of phytocannabinoid generally include modulating
(activating/ inhibiting) receptors -including GPCRs- and enzymes linked
to ECS [25]. The pharmaceutic activity of cannabinoids is influenced by
mode of administration, dose, chronic usage, etc.

Cannabis is well known for its therapeutic effects against inflam-
mation and neuropathic and chronic pain that does not respond to
corticosteroids, opioids, or nonsteroidal anti-inflammatory drugs
(NSAIDs) [1,36,68] spasticity related to pain diseases including multiple
sclerosis [161,51,68], facial and bodily spasms in Gilles de la Tourette
Syndrome [36,161]. It is widely reported to be beneficial in oncology for
its antineoplastic effects, as the bioactive compounds inhibit tumor
growth and contribute to the progression and restoration of homeostasis
[1,129,161,35], and to alleviate its symptoms and side-effects including
pain, and chemotherapy-triggered emesis and queasiness. Carcieri et al.,
[125,189,36,68]. Moreover, it represents a reasonable therapeutic op-
tion for neuroprotection, in neurological disorder such as epilepsy [105,
143,174,51], and neurodegenerative disorders affecting the structure
and the overall neurological function, as a result of the progressive
degeneration and dysfunction of the nervous system. Cannabis’s effects
have been tested of some of these disorders: Multiple sclerosis (MS),
Amyotrophic lateral sclerosis (ALS), Parkinson’s, Alzheimer’s, and
Huntington’s disease [136,51,68].

In order to study the pain-management ability of cannabis, more
than 41 trials have been conducted including at least 4550 patients with
multiple sclerosis, chronic neuropathic pain, or patients undergoing
chemotherapy for cancer treatment. For patients with MS, cannabis
showed high efficacy (versus a placebo) as an analgesic of pain and
spasticity, either muscle stiffness, spasms, cramps, tightness, or weak-
ness. A small effect was reported among individuals experiencing
persistent neuropathic pain, comparing to those receiving a placebo, as
well as antiemetic effect against chemotherapy-induced nausea [6].
Lately in 2019, Cannabis was used in an epidemiological study con-
ducted on fibromyalgia patients as this chronic disorder is characterized
by widespread musculoskeletal pain, resulted in significant results re-
ported by more than 80 % of the patients, as they responded to treat-
ment and reported a decrease in pain intensity [160].

An in-vitro experiment using human colon cells was conducted on
both cancerous and healthy cells cells confirmed the anti-cancer effect of
cannabis extracts, as they selectively decreased the viability of these
cells while shielding non-diseased intestinal cells from cytotoxic impacts
[155].

Furthermore, this plant is documented to treat various diseases
including glaucoma resistant to conventional therapies by reducing the
intraocular pressure [167,36,7], depression, anxiety, insomnia, pulmo-
nary disorders such as asthma, and cardiovascular disorders [136,167,
36,51,68], they are also recognized in the therapy of HIV/AIDS patients,
particularly to stimulate the appetite, against weight loss, cachexia and
anorexia in individuals with cancer or AIDS, [189,36,68], in the man-
agement of schizophrenia [48,161] as bone marrow stimulants [197], to
control high blood pressure, and cholesterol levels, as well as managing
dermatological disease and antiaging effects [175].

Cannabis was associated with a phenomenon of vision dimming, for
the first time in the 11th century by Ibn Sina in the second volume of his
renowned work “Canon of Medicine” [137], then in the 15th century in
“Damascus” by al-Ghazzi. These proclamations were repeated in a
modern investigation suggesting a reduction in the capacity for scotopic
vision adjustment among Costa Rican cannabis chronic smokers.
Moreover, an observational study focusing on nocturnal vision was
conducted on 3 male cannabis smokers in Morocco, reported coherent
enhancements in tests measuring dark adaptation and scotopic
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sensitivity after smoking cannabis. After 30 min dark adaptation, with
strong dependability and consistency at intervals of 6 weeks [159].

Moreover, this plant possesses inherent antioxidant properties due to
phenolic compounds and their ability to scavenge free radicals, such as
syringic acid and sinapinic acid, which contributes to the antioxidant
and anti-inflammatory activity [175,18,196,2,3,95]. The antimicrobial
efficacy of cannabis’s essential oil was tested against Candida and
diverse pathogenic bacterial species, the study reported that it had
moderate antimicrobial efficiency and exhibited interesting antioxidant
potency [133]. In different experiment on edibles, hemp products (oil or
flour) were used to test its antioxidant activity. Adding cannabis oil to
the active material coating in trout fillets protected them from lipid
peroxidation and bacterial growth during refrigeration storage, and
adding cannabis flour in bread production resulted in increasing
phenolic compounds and antioxidant activity of the bread [161].
Furthermore, synergistic interactions were observed between the EO
and conventional antibiotics, enhancing their effectiveness against the
tested microorganisms [133].

Using the whole plant or its compounds as a therapeutic solution to
treat many conditions and symptoms still encounter some potential
adverse effects including heightened heart rate, euphoria, hallucina-
tions, anxiousness, perceptive alterations, impaired memory, and
reduced coordination, and reflexes affecting reaction time [45]. Some
research suggest that these side effects are primarily due to THC, and
that using whole-plant extract have a better pharmaceutical and
mood-altering while others claim that extracts from the entire cannabis
plant yield enhanced pharmaceutical and mood-altering effects due to
the ability of other compounds to mitigate these effects, and to the
synergic action often referred to as “The entourage effects” [131].

The wrong uncontrolled use of cannabis can cause acute intoxication
manifested in typical symptoms Anxiety, panic attacks, depression,
allergic responses, emesis, gastrointestinal disturbances, dysphoria,
tachycardia..., or withdrawal manifestations including hostility, anxi-
ety, irritability, sleeplessness, perspiration, headache...(“International
Conference on Harmonisation (ICH) [82]). To avoid intoxication or
withdrawal symptoms of cannabis, following the safety guidelines out-
lined by the ICH International Counsil for Harmonisation, administering
cannabis-derived product should start with low doses before increasing
the quantity gradually after a satisfactory clinical evaluation period.
Odieka et al., [139]

4.1.1. Tetrahydrocannabinol (THC)

The discovery of ECS steered a wide interest in THC, leading to
various studies to explore its pharmacological potential. It has been
approved to be useful in suppressing muscle’s spasticity and exercising
anti-inflammatory effects powerful 20 times than aspirin, against
arthritic conditions [125,158,165], and analgesic properties to treat
pain related to epilepsy, multiple sclerosis, Tourette’s syndrome and
spinal cord injury [115,13,4]. This cannabinoid has shown therapeutic
activity against cardiovascular disorders [84], Parkinson’s, glaucoma,
and autism [5,179]. Moreover, it is administered to stimulate appetite
and counteract nausea, particularly to treat nausea caused by cancer
chemotherapy [4,75]. At very low dozes, THC can protect the brain from
cognitive deficits [4]. Also, THC is a neuroprotective antioxidant,
exhibiting anti-pruritic properties [141,158].

Regarding its cytotoxicity, THC was widely studied through clinical,
in-vivo and in-vitro trials. Regarding breast cancer, lung cancer, mela-
noma and myeloma, in vitro studies reported its efficacity in inhibiting
cellular growth, proliferation, chemotaxis, and invasion ([23,122];
Preet et al., n.d.; [163,177,180]), also in inducing apoptosis, autophagy
and cell cycle arrest by stimulating the CB2 receptor [33,180]. in vivo
studies proved THC’s ability to reduce or inhibit tumor expansion,
proliferation, neovascularization and metastasis, while promoting
apoptosis [21-23,72,148]. However, few in-vitro and in-vivo trials re-
ported an increase in proliferation and tumor growth upon adminis-
tering THC at minimal levels [118,180,195]. THC was also reported to
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induce apoptosis, and reduce tumor growth for pancreatic, prostate and
colon cancer [180].Furthermore, in vitro studies concerning oral cancer
proved that THC amplified the intracellular concentration of anticancer
drugs in cells with multi-drug transporter activity, and educed invasion
[180]. For liver cancer, particularly Hepatocellular Carcinoma, in-vitro
studies shewed that THC reduced cellular vitality and proliferation,
triggered autophagy and apoptosis, and reduced tumor growth [98,
1871.

For brain cancer, in-vitro and in-vivo trials proved THC’s ability to
suppress proliferation and cellular survival [107,180], trigger apoptosis
and autophagic processes, stimulate glioma cell growth and reduce
tumor growth [162,163,180]. Clinical studies proved the regression of a
kind of brain tumors; Pilocytic astrocytoma over three years of inhaling
THC [180], the reduction of tumor cells in patients suffering from grade
IV glioma, or GBM [76]. For leukemia, administering THC suppressed
cell growth, demonstrated cytotoxic properties, and enhanced the
sensitivity of leukemia cells to anticancer treatments while inducing
apoptosis [102,166,180]. A clinical study on a person diagnosed with a
late stage of acute lymphocytic leukemia resulted in remission after
administering Cannabis sativa oil [87,90].

However, this cannabinoid is reported to exhibits several side effects,
besides inducing psychosis and sedation, THC can cause anxiety,
cholinergic deficiencies, and immunosuppression [83,125].

4.1.2. Cannabidiol (CBD)

The non-psychoactive CBD has several therapeutic effects, due to its
ability to engages with various enzymes, receptors, and ion channels
within ECS enhancing its expression, and affecting the immune system
with diverse molecular targets and signaling pathways [5,58]. As a
result to its multitarget mechanism of action, CBD has been found to
possess diverse effects. Aside from its antiemetic, anticonvulsant, anti-
diabetic, antispasmodic effects, and its capacity for neuroprotection, it
exhibits notable antioxidant, analgesic, and anti-inflammatory activities
that were evaluated in preclinical and clinical trials before it was re-
ported as beneficial in treating neuroinflammatory disorders; Alz-
heimer’s, multiple sclerosis etc. Aizpurua-Olaizola et al., [125,135,149,
161,4]. These studies also suggested that this cannabinoid can be useful
to treat Parkinson’s disease [5,135]; a dual-blind study involved 21
Parkinson’s disease patients proved that CBD, particularly at a high dose
(300 mg/day) improved the patients’ life quality measures [39].

Clinical studies on human used CBD to treat peripheral neuropathic
pain reported its effectiveness in alleviating intense pain, itchiness, and
cold [192]. To prove pure CBS’s antiepileptic or anticonvulsive activity,
a study on 132 patients diagnosed with treatment-resistant epilepsy
proved CBD’s ability to reduce seizure’s frequency and severity [176].
Another clinical study associated CBD with antiepileptic treatment, on
human Dravet syndrome for 96 weeks proved the efficiency of the
suggested treatment in decreasing motor seizures and improving pa-
tient’s condition [50,97].

This cannabinoid is reputed for its antischizophrenic, anti-sedating
and anxiolytic effects as it was reported to modulate euphoric and
anxiogenic effects of THC, fear-induced anxiety, and tobacco con-
sumption [125,154,161,4]. Moreover, CBD is reported to associate with
schizophrenia and psychosis [5]; a clinical study using a double-blind
parallel-group design focused on schizophrenia reported that CBD
reduced psychotic symptoms, and as it didn’t depend on dopamine re-
ceptor antagonism, it was considered as an innovative treatment cate-
gory for this condition, different from conventional antipsychotic
medication [117].

In vitro studies on breast cancer, lung cancer, and Glioma and
Neuroblastoma affecting the nervous system reported that CBD Induced
apoptosis and autophagy [113,169,63], Inhibited proliferation, metas-
tasis, migration, and invasion [116,122,152,63]. It also increased
sensitivity to anti-cancer agents: doxorubicin used against breast cancer
and cisplatin used against lung cancer [122]. In vivo studies reported the
same results found in in-vitro studies and reported that CBD decreased
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or inhibited tumor growth [113,151,152,54].

Using CBD in in-vitro and in-vivo trials against prostate and colon
cancers proved effective in inducing apoptosis, inhibiting cellular cycle,
and reducing cellular proliferation, metastasis and tumor growth [12],
similar results were obtained in in-vivo studies on mice [171] and in
in-vitro studies [128,180] to treat myeloma, melanoma, and leukemia.

Furthermore, cannabidiol is reported to have insecticidal, antibac-
terial, and antimicrobial effects, the last one was proved against Gram-
positive bacteria, particularly drug-resistant strains of Staphylococcus
aureus, and Staphylococcus epidermidis [109,118,125,140,161].

However, CBD’s use in human models was reported to cause some
adverse effects such as diarrhea, fatigue, vomiting, somnolence...
Namdar et al., [135]

4.1.3. Associating CBD and THC

The combination of phytocannabinoids enhances their activity, this
statement has been initially made by Mechoulam and Ben-Shabat,
demonstrating what specialists call nowadays, the “entourage effect”
[120]. This synergy between phytocannabinoids was recently demon-
strated at chemical levels and biological activity [134,136]. Therefore,
A9-tHC and CBD are often combined to improve their efficacy and THC’s
tolerability profile [125]. Blazquez et al. reported that the association of
the two cannabinoids in in-vitro studies increased sensitivity to radia-
tion therapy in brain cancer [24]. In 2013, a long-term trials of a spray
containing both THC and CBD on 43 cancer patients resulted in a sus-
tained pain relief effect [88]. and in a clinical study in 2015, adminis-
tering the two compounds in a 1:1 ratio increased autophagy and
apoptosis, and decreased tumor growth in melanoma and myeloma [9].
More recently, in 2020, responses of lung cancer patients to THC and
CBD were tracked, as they indicated that the association of these com-
pounds inhibited cell proliferation and growth factor receptors [122].
The efficiency of a pharmaceutical-grade cannabis preparation con-
taining 6.3 % THC and 8 % CBD was studied on 17 patients with burning
mouth syndrome (BMS), for four weeks with follow-up visits for 6
months post-treatment cessation, resulted in statistically noteworthy
alterations in anxiety and depression levels demonstrating a beneficial
enhancement, along with important changes indicating a clinical
remission of the oral symptoms. Gambino et al., [69].

4.1.4. Cannabigerol (CBG)

Cannabigerol (CBG) has proven through different studies its anti-
bacterial, antifungal, antiproliferative, and bone-stimulant properties
[31,4,5]. Furthermore, its therapeutic capacity extends to addressing
multiple sclerosis, Parkinson’s, Huntington’s, and inflammatory bowel
disorders by interacting with serotonin 1 A and adrenergic receptors
[27,132]. CBG was reported to have analgesic and anti erythemic ef-
fects, and it was described as an anti-depressant, and a mild
anti-hypertensive agent [31,139].

Overall, in-vitro trials proved CBG’s significant impacts on intra-
cellular mechanisms, including inhibiting cell proliferation [14,28],
stimulating apoptosis and ROS reactive oxygen species’ production
[28], modulating the activity of TRPV1 receptor involved in physio-
logical processes such as pain and fever, and affecting the endocanna-
binoid system by inhibiting the uptake of the cannabinoid ['*C]
anandamide [101]. the activity of CBG against tumors was discovered
through in-vivo studies, as a result of the antagonistic properties tar-
geting TRPM8 receptors, which led to decreasing the tumor growth
[28], making it useful to treat prostate tumor, hyperactive detrusor, and
alleviating bladder pain. Russo, Marcu [158], also, it was described as
highly efficacious against breast cancer, and demonstrated cytotoxicity
at elevated dosages on human epithelioid carcinoma [14,158].

Furthermore, its precursor, cannabigerolic acid (CBGA) was proved
effective in treating cardiovascular diseases, metabolic disorders, and
colon cancer [144].
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4.1.5. Cannabichromene (CBC)

in vitro studies of CBC demonstrated its high potency in inhibiting
viability and growth of prostate carcinoma, colorectal cancer, and breast
cancer cells [28,101]. Also, it can activate effectively caspase 3/7 en-
zymes involved in apoptosis and elevate intracellular Ca2+ levels
[D87]. As an anti-inflammatory, CBC can bind to CB2 receptors, and
engages with transient receptor potential (TRP) cation channels leading
to the inhibition of ECS involved in inflammation and pain modulation
[139,158].

4.1.6. Cannabinol (CBN)

Research suggested that Cannabinol (CBN) has a potential effect on
insomnia and sleep disorders [5]. and it can be applied to glaucoma
cases that are resistant to regular therapy, due to its effectiveness in
lowering intraocular pressure [139]. Furthermore, this nonintoxicating
cannabinoid was reported to be used as a sedative, anti-convulsant, and
anti-inflammatory, due to its interaction with CB2, and transient re-
ceptor potential (TRP) cation channels implicated in inflammatory
process and pain management [158]. CBN has antibiotic activity against
various bacterial strains including those resistant to treatments such as
MRSA or methicillin-resistant Staphylococcus aureus [139,158].

In vivo studies proved that CBC has cytotoxic effects at high con-
centrations in prostate cancer cell lines, it has antiproliferative effects
against aggressive breast cancer cells [116]. Also, it inhibited multi-drug
transporters responsible for conferring resistance to anti-cancer agents
and promoted mitoxantrone’s accumulation [5].

4.1.7. Cannabielsoin CBE

Studies reported the ability of CBE to modulate the Wnt/p-catenin
pathway, which plays a role in developmental processes and maintain-
ing tissue equilibrium in order to control neuropathic pain [5].

4.1.8. Tetrahydrocannabivarin A9-THCV

This cannabinoid is an efficient anti-inflammatory, and anti-
convulsant [139]. Moreover, Cascio et al. reported the ability of
A9-THCV to enhance 5-HT1A or serotonin 1A receptor’s activity,
involved in physiological and behavioral processes, suggesting its anti-
psychotic effects, and its ability to improve negative, cognitive and
positive symptoms of schizophrenia [37].

Clinical studies on obese mice proved that A9-THCV causes weight
loss, and decreases body fat, as it suppresses appetite by antagonizing
CB1 receptors [158]. Another study conducted by Jadoon et al. evalu-
ated its efficacy in suppressing fasting plasma glucose levels, giving
A9-THCV the ability to control glycemic levels in patients with type 2
diabetes [86]. It was also used to suppress inflammation and heightened
pain sensitivity stimulated in pre-clinical studies through the adminis-
tration of carrageenan or formalin via CB1 and CB2 receptors, acting as
an agonist and an antagonist depending on its concentration [158].
Regarding tumors, in vitro studies report that, at high concentrations,
A9-THCV demonstrate cytotoxic effects in prostate cancer cell lines
[180].

4.1.9. Tetrahydrocannabinolic acid (THCA-A)

THCA-A acts as a mild activator of CB1 and CB2 receptors comparing
to THC. It is reported to possess anti-inflammatory, anti-neoplastic,
antiemetic, Immunomodulatory, and neuroprotective properties [139,
158]. In vitro, it can increase cell survival in Parkinson’s disease, and
reduces cancer cell’ lines viability [158].

4.1.10. Cannabidivarin CBDV

Cannabidivarin is mostly known for its anti-emetic effects besides
anti-convulsant or anti-epileptic properties, particularly partial seizures
onset [139,158]. Moreover, in vitro studies reported CBDV to have
variant dose-dependent impacts on prostate and colon carcinoma pa-
tients, as it reduces cellular viability [180].
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4.2. Terpenes and terpenoids

Terpenes are responsible for the different flavors and aromas that
specify each strains [173]. The synergy demonstrated at biological and
chemical levels between phytocannabinoids was further proved be-
tween phytocannabinoids and terpenes [134,136]. Russo documented
their unique role in the entourage effect in medicinal qualities of
cannabis [173], this interaction was reported to enhance the ability of
cannabinoids to treat inflammation, addiction, caner, epilepsy, pain,
fungal and bacterial infections. Moreover, terpenes possess analgesic
and anxiolytic effects [83,173], and can be more effective for stress
relief, energy boost, maintain focus, elevating mood by aromatherapy,
and treating anxiety [144,173]. The effectiveness of these compounds
was reported in treating various diseases; conditions related to nervous
and gastrointestinal system due to their anti-oxidative, anti-in-
flammatory, gastroprotective, antidepressant, antiproliferative, antipy-
retic, anti-convulsive and neuroprotective activities [142,144].

Terpenoids show anti-microbial, anti-bacterial, and anti-fungal ac-
tivities [83,144]. Using cannabis essential oil, dominated by mono-
terpenes and sesquiterpenes, Benelli et al. reported that they have a
strong ability to control M. domestica and M. persicae, a moderate
ability to control S. littoralis larvae and least toxic effects against C.
quinquefasciatus larvae [3].

Terpenes in cannabis oil have various pharmacological effects:

For Monoterpene:

p-myrcene enhances CBD and A9-THC’s pain-relieving action,
and has exhibited anti-inflammatory, analgesic, muscle-relaxant,
and anxiolytic properties and is employed as a sedative, flavor
enhancer, solvent, or additive in lubricants [139,51,83]. Moreover, it
provides a musky or hop-like aroma and serves as an antioxidant and
anticarcinogen [28,66].

o-pinene and p-pinene: These compounds support memory
function and alleviate cognitive impairment caused by THC intoxi-
cation, and they exhibit anti-inflammatory, antibacterial, and
anti-microbial effects [139,51,60]. Moreover, the pine scent’s
distinctive aroma is associated with its antiseptic properties. Som-
mano et al., [173].

Limonene: This Compound elevates serotonin and dopamine
levels, promoting sedation, stress reduction, strong anxiolytic, and
antidepressant properties. Dos Santos, Romao [139,173,51,60]

Linalool: Its floral aroma can help alleviate anxiety when used in
aromatherapy, and it acts like a local anesthetic and anticonvulsant.
Dos Santos, Romao [173,51,60]

For diterpene alcohol:

Nerolidol was investigated to explore its potential antimicrobial
and anti-inflammatory properties, while Phytol has been investi-
gated for its effects on reducing oxidation and inflammation. Dos
Santos, Romao [51].

For triterpenoid, and triterpenoid alcohol:

Friedelin was documented to exhibit anti-inflammatory, antipyretic
and analgesic effects in mice and rats and have shown antiulcer, anti-
diabetic and cytotoxic activities [3]. Moreover, it is reported to be used
against inflammation, tuberculosis and to reduce fever [139].

p-caryophyllene:

The most abundant sesquiterpenoid in cannabis, particularly
following heat-induced decarboxylation, exhibits strong anti-
inflammatory properties, along with potential anticancer, pain-
relieving, antidepressant, gastroprotective, antifungal, antibacterial,
antiproliferative, antioxidant and neuroprotective activities [51,60,83].

4.3. Flavonoids

Prenylflavonoids or cannflavins A (CFL-A), B (CFL-B) and C (CFL-C)
are flavonoids with medicinal potentials, as they demonstrated several
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promising therapeutic properties, notably as radical scavengers, neu-
roprotectants, inflammation inhibitors, parasite and virus suppressors,
anti-leishmanial and anti-tumor agents [57,83].

Barrett and al. demonstrated the efficiency of cannflavin A and B in
inhibiting prostaglandin E2 release; a local hormone that contribute to
the processes of inflammation, pain and fever in human rheumatoid
synovial cells, where the compounds proved their anti-inflammatory
effectiveness surpassing that of aspirin by about 30 times [16].
Further pre-clinical translation and in-vivo trials demonstrated CFL-A
and CFL-B’s anti-inflammatory activities via inhibiting prostaglandin
and microsomal prostaglandin E synthase-1; a hormone-like substance
and an enzyme, respectively, involved in physiological processes such as
inflammation, fever, pain, reproductive, nervous and cardiovascular
systems, gastric protection, immune response and kidney function [57].

Cannflavin A has also demonstrated its anti-oxidation, and antipar-
asitic activity while canflavin C (CFL-C) was demonstrated to have
antiparasitic activity. Ahmed et al., [3,164]

Research also focused on the anti-neoplastic properties of the isomer
of cannflavin B; iso-cannflavin B in evaluating experimental models of
breast and pancreatic cancer. In the first one, Iso B’s effects on estrogen
receptors or on gonadotropin expression was studied, and it was proved
that the compound promoted cell-cycle inhibition and autophagy [163].
Concerning pancreas cancer, in vivo and in vitro studies demonstrated a
reduction in the size of both primary and metastatic tumors, leading to
enhanced overall survival, therefore, IsoB demonstrated favorable re-
sults both as a standalone immunotherapy agent and when used in
conjunction with radiotherapy [127].

5. Conclusions

This review provides a deeper understanding of the complex chem-
ical profile of Cannabis sativa, highlighting major active compound
families such as cannabinoids, terpenes, and phenolic compounds,
including flavonoids, stilbenoids, and lignans. These compounds have
garnered significant interest from researchers, leading to various
studies, including in vivo and in vitro trials, to explore their chemical
and biological capabilities. They have demonstrated considerable po-
tential, exhibiting antioxidative and antibacterial properties, alongside a
wide range of therapeutic effects that have proven effective in man-
aging, alleviating, and mitigating various symptoms, while also eluci-
dating the intricate biochemical processes that underpin these
properties.

The phytocomplexity of Cannabis, combined with ongoing debates
on its legalization, contributes to the limited data and information
available about this plant. Current research aims to determine its com-
plete profile—from chemical composition and biosynthesis to its ther-
apeutic uses—along with optimal extraction techniques for each part of
the plant, and methods for isolating and characterizing newfound
chemicals. However, the plant’s diversity complicates this endeavor, as
each phenotype is unique, possessing different levels of chemical com-
pounds influenced by factors such as cultivation, harvest, and storage
conditions. Despite the intense interest and ongoing research aimed at
unlocking the full potential of cannabis, its existing and prospective
applications are not yet fully realized. Many of its molecules promise
extensive potential, with the capability to be applied in food, medical,
nutraceutical, and beauty products.
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