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Abstract

Cannabis sativa L. 1s spreading as a specialty crop. This dip-
loid plant from Central Asia contains various phytochemical
compounds and secondary metabolites. Secondary metabolites
include cannabinoids, flavonoids, terpenoids, stilbenoids, ter-
penoids, alkaloids, and lignans. Despite the presence of numer-
ous psychoactive substances in the plant, it is required as a

very important agricultural crop for fiber and medicinal pur-
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poses, and in many countries the cultivation and use of the plant for medicinal purposes is legal. There-

fore, ecological identifications of this valuable plant and knowledge of its phytochemical compounds can

be considered. Hemp also has many medicinal properties, and studies show that its derivatives can have

beneficial effects on the treatment and improvement of some diseases. This review article discusses the

cultivation techniques, the biosynthetic pathways of the secondary metabolites present in this plant, and

the factors that influence the reduction or increase of its medicinal properties.
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1.Introduction

The cannabis plant is a highly variable species in
terms of botany, genetics, and chemical composi-
tion_(1). Hemp is an industrial medicinal plant na-
tive to Central Asia. This ancient crop came to
China from Central Asia and has been cultivated
there for more than 4500 years. And because of its
valuable properties as a source of food, fuel, fiber,
medicine, and narcotics, it has been widely used
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by people around the world for thousands of years
(2,3). Despite the negative reputation that this
plant has had as a drug in recent years, it is still
considered a very important agricultural plant in
terms of fiber and medicinal plants today (4).
Cannabis with the scientific name Cannabis sati-
va L. Cannabis plant is a diploid plant (2n=20)
with a karyotype consisting of nine autosomes and
one pair of sex chromosomes (X and Y), with a
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karyotype consisting of nine autosomes and one
pair of sex chromosomes (X and Y), dioecious,
herbaceous, annual and 1 to 3 meters high or even
higher. And there are different varieties and forms.
Cannabis has opposite leaves along the stem, but
the closer we get to the end of the stem, the simpler
the leaves become. The leaf blade of cannabis is
divided into 5 to 7 deeply toothed lobes and ends
in a long petiole. In their natural state, the flowers
are male and female and are located at two separate
bases. One of the characteristic features of male
cannabis flowers is that they are arranged in a com-
plex and hang from a base at the end of the stem.
Each of these flowers has 5 stamens inside the per-
ianth. The female flowers generally have the same
texture as the male, with the difference (5,6). The
seeds of cannabis (Cannabis sativa L.) contain nu-
trients that are very valuable for health. The seeds
of this plant contain about 19-38% oil, 20-38%
protein, 27-36% fiber and 6-4% minerals. Tocoph-
erols, carotenoids and some phenolic compounds
can be mentioned as other components with nutri-
tional value. The medicinal effects of cannabis are
attributed to the presence of cannabinoids (7). Can-
nabinoids are terpenophenolic secondary metabo-
lites formed in the trichomes of cannabis plants. To
date, more than 100 cannabinoids have been dis-
covered and studied. The most interesting and well
-studied compounds in this class are delta-9-
tetrahydrocannabinol (THC) and cannabidiol
(CBD). The ratio between THC and CBD content
is a good indicator for distinguishing between
"fiber type" and "drug type"(4). Other important
cannabinoids with little or no psychoactive effect
are cannabidiolic acid (CBDA), cannabigrole
(CBG), cannabichromene (CBC), cannabinol
(CBN), cannabicyclol (CBL), and cannabidiol
(CBND). These compounds are metabolized by the
enzymatic conversion of cannabirulic acid (CBGA)
and cannabidivaric acid (CBDVA), respectively
(7). To clarify the phytochemical discussion of
cannabinoids, they can be easily classified into
three groups: acidic cannabinoids, neutral canna-
binoids, and "artifacts." This convenient classifica-
tion of cannabinoids is shown in Figure 1(8). Con-
sidering the importance of cannabis as a medicinal

45

plant and the increasing demand for cultivation of
this plant for various purposes, including medicine,
this article reviews the results of the study of vari-
ous factors on the biosynthetic, physiological, and
biochemical properties of the cannabis plant.

1-1- A history of the hemp plant

Cannabis (Cannabis sativa L.) is a widespread spe-
cies in nature, found in various habitats from sea
level to the temperate and mountainous regions of
the Himalayas, where it probably spread 10,000
years ago. The ancient cultivation of this plant
makes it difficult to pinpoint the origin of its distri-
bution_(1). The first medicinal use of this plant was
also recorded by the emperors of China. This plant
is mentioned in Hindu scriptures and ancient books
left in Iran in 600-700 BC_(9). Even in ancient
Egyptian mummies, evidence of cannabis cultiva-
tion as food or medicine has been found. There-
fore, the origin of this plant is believed to be in
Central Asia (8). This plant is considered one of
the oldest sources of food and textiles. Historical
evidence shows that the first paper made from
hemp fibers was produced in China 100 years be-
fore Christ_(9). The cultivation of hemp for fiber
production became common in Western Asia,
Egypt, and later in Europe between 1000 and 2000
BC. It also became popular in Europe after 500
AD. This product was first brought to South Amer-
ica (Chile) in 1545(1). It is worth mentioning that
during more than a thousand years of hemp culti-
vation, different products were obtained and used
from this plant, and today the narcotic varieties of
this plant are known as marijuana and the fibrous
varieties are known as hemp. The fibrous and in-
dustrial hemp varieties have no narcotic effect and
can be grown and used industrially on a large scale
without any problems. The annual trade of fibrous
varieties of this plant of about 100 to 2000 million
dollars shows its economic value (9).
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Figure 1. shows the classification of relationships between cannabinoids in cannabis. Three different groups can be
distinguished: 1) Cannabinoids produced by plant biosynthesis, 2) Cannabinoids resulting from natural decarboxy-
lation, 3) Degradation products caused by factors such as ultraviolet radiation, oxidation or isomerization.

1-2- Ecological characteristics

Cannabis is a short-day plant by its ecological
characteristics, and its flowering period is general-
ly dependent on genetic factors and short days,
with the actual time of flowering onset varying
according to weather conditions, location, and ag-
ricultural practices The length of the photoperiod
(photoperiod) for this plant is reported to be 9 to
14 hours. The diversity of cannabis genotypes in
terms of photoperiod length depends on the differ-
ent species and environmental conditions. This
plant is spring-flowering and is grown in different
regions from early to mid-spring when weather
conditions and temperature are favorable. Fiber
hemp has a shorter growing season, so the temper-
ature needed during the growing season to produce
fiber is lower than when growing hemp for seed
production. Reports have also shown that cannabis
will turn green at a temperature of 20 to 30 degrees
Celsius from the third day and will be completely
green after 7 days. On suitable soils, hemp produc-
es the greatest quantity of products, both quantita-
tively and qualitatively. Clay-sand soils with a pH

of 4.7-5.6 are suitable for growing cannabis. On
the other hand, salty, too cold, too heavy or too
light soils are not suitable for the cultivation of this
plant_(9).

1-3- Phytochemical compounds in cannabis

Cannabis is very complex in terms of phytochemi-
cal compounds and more than 480 different chemi-
cal compounds have been identified in the hemp
plant. Some of these compounds belong to primary
metabolites such as amino acids, fatty acids and
steroids, while cannabinoids, flavonoids, stil-
benoids, terpenoids, lignans (phenolic amides and
lignanides) and alkaloids are secondary metabo-
lites of cannabis. Therefore, cannabis can be con-
sidered as a real plant producing secondary metab-
olites, which is very important in the pharmaceuti-
cal industry_(10).

In fact, from this versatile plant, it is possible to
produce various industrial products such as fibers,
thermal insulation materials and bioconstruction;
seeds, flour and oil with important nutritional and
functional characteristics; and obtain bioactive
compounds in the pharmaceutical industry (Figure
2).
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Figure 2: Multiple uses of the hemp plant: in general, every part of this plant can be used in a specific industrial

field (11).

1-3-1- Cannabinoids

This group has devoted the most studies to the
hemp plant and they are 22-carbon terpenophenolic
compounds, of which 70 types have been found so
far, which can be divided into ten types of main
structures. Cannabinoids D9-THC, CBD, CBN,
CBG, CBC and CBND are the most common com-
pounds found in cannabis_(10,12). THC is the most
important cannabinoid found in cannabis, and stud-
ies have shown that the use of extracted THC alone
has similar medicinal effects to the use of the whole
plant. CBD is another cannabinoid. The importance
of this plant is that it has different medicinal effects
(9,12).

1-3-2- Flavonoids

Flavonoids play a role in many functions such as
biochemical, physiological and ecological process-
es of plants and are very important in human and
animal nutrition and health. More than 20 flavo-
noids have been reported in cannabis. Cannabis fla-
vonoids have been identified and isolated in flow-
ers, leaves, small branches and pollen grains. There
is no evidence of the presence of flavonoids in the
tubers of this plant. Conflavin A and Conflavin B
are methyl isoprenoid flavones that are specific to
cannabis. Preliminary studies show that extricates

without THC and CBD from C. sativa
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can decrease the cataleptic impacts of THC in mice,
and this impact can be switched by organization of
prostaglandin E2 (PGE2). In subsequent investiga-
tions, it was determined that these properties are
related to conflavin A and B, and it
was moreover expressed that these prenylated fla-
vonoids can hinder PGE2 generation in human
rheumatoid synovial cells and give anti-
inflammatory benefits that are roughly 30 It is
more effective than aspirin_(9,10,13).

1-3-3- Stilbenoids

Stilbenoids are phenolic compounds that exist in all
plant families. These compounds have a structural
role in plants and are used in defense and induction
mechanisms, growth inhibitors and latent factors.
Also, stilbenoids are components of root wood and
have anti-microbial and anti-fungal activity, or they
are insect repellants. About nineteen stilbenoids
have been identified in cannabis, which have been
isolated in the stem, leaves and resin_(9,10).

1-3-4- Terpenoids

Terpenoids or isoterpenoids are another main group
of plant metabolites. The isoprenoid pathway pro-
duces primary and secondary metabolites. In prima-
ry metabolism, isoprenoids act as phytohormones
(gibberellic acid, abscisic acid and cytokinin) and
membrane stabilizers (sterols) and can be used in
respiration (ubiquinone) and photosynthesis
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(chlorophyll and plastokinin). have a role While as
secondary metabolites, they participate in defense
mechanisms (phytoalexins). 120 terpenes have
been identified in hashish: 61 monoterpenes, 52
sesquiterpenoids, 2 triterpenes, one diterpene and 4
terpenoid derivatives_(10).cannabis could be a pro-
ductive maker of terpens and these compounds are
thought to contribute to the helpful viability of can-
nabis arangmenta through the ‘entourage effect’,by
acting in combination ith cannabinoids_(14,15).

1-3-5- Lignans (phenolic amides and lignana-
mides)

Cannabis fruits and roots produce 11 phenol-
icamide and lignamide compounds. N-trans-
coumaryl-tyramine, N-trans-feruloyltyramine, N-
trans-caffeoyltyramine are phenolic amides. Can-
nabis A-,B-,C-,D-, E -, F-, G- and grosamide
are lignanamides. Phenolic amides are accumulat-
ed in chemical defense responses in plants. Simi-
larly, phenolic acids play an important role in
flowering, sexual organs and resistance_(9).
1-3-6-Alkaloids

Alkaloids are another major group of secondary
metabolites in plants. Alkaloids are nitrogen com-
pounds with little biological activity that can be
obtained from amino acids. 10 alkaloids have been
identified in cannabis. Choline, norine, isoleucine
betaine, muscarine which are pre-alkaloids. Canna-
bisativine and Anhydrocannabisativine are poly-
amines derived from spermidine. Pyridine and pyr-
rolidine have also been identified in cannabis.
These alkaloids are extracted from the tissue of
roots, stems, leaves, pollen grains and seeds of the
cannabis plant_(9,10).

1-4- Biosynthesis of cannabinoids

1-4-1- Place of synthesis of cannabinoids

Trichomes are specialized structures consisting of
plant epidermal cells, which are mainly located on
leaves, stems and hollow organs. These cells pro-
tect plants against biotic and abiotic stresses and
produce and accumulate a number of specialized
metabolites. In terms of morphology and the ability
to secrete secondary metabolites, the two main
types of trichomes, non-glandular and glandular,
are different. Glandular trichomes are present in
about 30% of all species of vacuolated plants and
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multicellular and specialized structures are respon-
sible for the biosynthesis and secretion of a wide
range of secondary metabolites. These particular
metabolites are of interest because they can be
used as natural toxins, food additives and medicine
(12). Cannabis plant can be called a forgotten me-
dicinal treasure. The most interesting thing is the
compounds that are found in the secretions of the
trichomes on the surface of the cannabis plant.
These compounds include terpenoids, flavonoids
and cannabinoids. It has been shown that canna-
binoids, cannabigerolic acid (CBGA and THCA)
cause cell death in some plant and insect cells
through apoptosis. These results indicate that can-
nabinoids act as plant defense compounds, which
is a common function of plant secondary metabo-
lites_ (8). The hemp plant collects phytocanna-
binoids and terpenes in the glandular trichomes
located throughout the aerial parts of the plant and
with the highest concentration on the female flow-
ers. Non-glandular trichomes are seen on the sur-
face of most angiosperms and some gymnaperms
and bryophytes. And they play a role in filtering
sunlight, protecting against herbivores (12). On the
other hand, non-glandular trichomes are found on
the surface and root tissues. Therefore, phytocan-
nabinoids do not accumulate in the root tissue.
Glandular trichomes collect cannabinoids in a bal-
loon-shaped cavity filled with secretory vesicles.
When the trichome is ruptured, for example at high
ambient temperatures or as a result of herbivory,
its contents form a sticky coating on the surface of
the plant, which is regulated by the viscous and
non-crystalline properties of cannabinoids. (figure
3). The amount of cannabinoids formed is positive-
ly correlated with increasing temperature and heat
stress, as well as with low soil moisture and low
mineral nutrient content_(13). The second category
of metabolites with high abundance and even
greater chemical diversity in cannabis glandular
trichomes are monoterpenes and sesquiterpenes.
These volatile terpenoids are responsible for the
distinct aromas of different cannabis strains_(14).
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-2-4-1 The biosynthetic pathway of
cannabinoids

In all accepted biosynthetic pathways for canna-
binoids until 1964, cannabidiol (CBD) or canna-
bidiolic acid (CBDA) was considered the key in-
termediate, apparently made from a monoterpene
and oleotol or oleoleic acid, respectively. However,
researchers have shown that cannabigerol (CBG), a
common precursor of cannabinoids, is biosynthe-
sized through the condensation of geranyl diphos-
phate and oleitol or oleoleic acid (OA). After that,
they concluded that cannabidiol (CBD), delta-9-
tetrahydrocannabinol (THC) and cannabinol
(CBN) are all derived from cannabigerol (CBG)
and differ mainly in the way this precursor is cy-
cled.

Our better understanding of cannabinoid biosyn-
thesis came when Shoyama et al. (1975)_(15) con-
cluded that neither free phenolics (non-carboxylic
acid) of cannabinoids nor cannabinolic

acid (CBNA) are produced by the living plant.
become Instead, they accepted that biosynthetic
methods based on geraniol and a polyketoacid lead
to the production of acidic cannabinoids. Similar
results were obtained after studying some types of
African cannabinoids by Turner and Hadley (17).
It is now known that cannabinoids are produced by
plant metabolism in the form of carboxylic acids,
where the substituent group in the carboxyl (-
COOH) is located in the 2 position. Studies con-
ducted by C13-labeled glucose have confirmed that
geranyl diphosphate (GPP) and OA are specific
mediators in the biosynthesis of cannabinoids_(8).

The biological synthesis of cannabinoids involves
the integration of key steps in polyketide and iso-
pranoid metabolism. Hexanoic acid is used as the
initiator molecule of polyketide and is most likely
produced from C18 fatty acids, which are continu-
ously saturated, peroxygenated and broken into C6.

The biosynthesis of important cannabinoids in-
volves two direct precursors. The polyketide path-
way generates oleoleic acid (OA) from a short-
chain fatty acid intermediate (hexanoyl-CoA),
while the methylerythritol 4-phosphate (MEP)
pathway provides geranyl diphosphate. Slow(14).
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Figure 3: Isolation of glandular trichomes from petals
of female inflorescences. A) Female inflorescence eight
weeks after germination. B) leaves cooperating with the
female inflorescence. C) Glands on the petals of the
female inflorescence. D) Electron image of Capita
glands. E) The image of the leaflets after removing the
glands. F) Image of isolated glands. Image E and F are
with a scale of 80 micrometers_(16).

OA is produced from hexanoic acid in the cytosol.
GPP is synthesized by the plastid non-mevalonate-
dependent isopronoid pathway (MEP), the first
specific biosynthetic step is the synthesis of gera-
nyl diphosphate and oleoleic acid (OA) into
CBGA, catalyzed by the enzyme prenylase geranyl
diphosphate:oleoleoleate geranyltransferase
(GOT). CBGA is a transmembrane aromatic
prenyltransferase. Further oxidation of THCA
leads to the formation of CBNA, which is still
formed after harvesting the plant material, and
large amounts may not be usable due to improper
storage conditions(8). Figure 4 shows the common
pathway between the biosynthesis of cannabinoids
and terpenoids.
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Figure 4: Common biosynthetic pathway between cannabinoids and terpenoids

The synthesis of cannabinoids is catalyzed by a se-
ries of synthase enzymes that compete with each
other for the reaction with cannabigerulic acid. The
last step in the synthesis of cannabinoids involves
the conversion of cannabigerolic acid (CBGA) to
tetrahydrocannabinolic acid (THCA) by the en-
zyme THCA synthase. And finally, THCA is de-
carboxylated to THC. On the other hand, CBGA is
decarboxylated by CBDA synthase to cannabidiolic
acid (CBDA) and then to cannabidiol (CBD). The
reduced metabolic products of these acids are
formed non-enzymatically by exposure to heat
(16). Figure 5 shows the decarboxylation pathway
of some important cannabinoids_(7). THC is known
as a psychoactive substance that binds to the endo-
cannabinoid receptor in vertebrates, while CBD is a
non-toxic compound.

Figure 5: Decarboxylation pathway of cannabinoids
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1-4-3---The role of hexanoyl COA in the biosyn-
thesis of cannabinoids

Cannabinoids are a rare example of plant polyke-
tides biosynthesized from hexanoate or hexanoyl
COA precursors. Many plants and microbes use
acyl coenzymes A as initiator polyketides. The de-
tection of hexanoyl-CoA in cannabis flowers indi-
cates that this compound is present in cannabinoid
biosynthesizing tissues. Amounts of CBDA have
also been detected in leaves, stems, and roots, but
at lower concentrations than in flowers.

Therefore, hexanoyl-COA has a higher concentra-
tion in female flowers. In the studies conducted in
2012, it was found that the acyl cannabinoid en-
zyme activating genes (CsAAEI) are involved in
the biosynthesis of cannabinoids. In fact, CsAAEI
was the most abundant transcript in EST
(expressed sequence tag) and quantitative data
from reverse transcriptase polymerase chain reac-
tion show that the expression of CsAAE1 in tri-
chome cells was 100 times higher than in other tis-
sues. On the other hand, laboratory studies have
shown that recombinant CsAAE1 activates hexa-
noate and other short and medium chain fatty ac-
ids. In this way, hexanoyl coenzyme A provides
the synthetase for the synthesis of cannabinoids.
The large number of transcripts encoding desatu-
rases and lipoxygenase suggests that hexanoate
may be formed via a pathway involving oxygena-
tion and degradation of unsaturated fatty acids.
Phylogenetic studies show that CsAEE1 does not
possess a peroxisome receptor. As a result, it is
directed to the cytoplasm and enters the pathway of
cannabinoid biosynthesis. CSAAE3 encodes a pe-
roxisomal enzyme that activates a variety of fatty
acids, including hexanoate_(18).

1-4-4-The role of transcription factors in regu-
lating the expression of secondary metabolite
synthesis genes

Accurate measurement of gene expression can
identify the type of cell or tissue in which the gene
is expressed and detect the level of gene expression
in a specific biological state or changes in gene ex-
pression in response to environmental stress_(19).
Many secondary metabolites are valuable for their
medicinal properties. Due to their beneficial effects
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on health, the biosynthesis of secondary metabo-
lites has been the main subject of many researches.
Many transcription factors are of interest due to
their role in regulating biosynthetic pathways at the
level of transcription and can form a dynamic regu-
latory network that controls the time, range and
spatial distribution of gene expression required for
the biosynthesis of secondary metabolites. Also,
many transcription factors have been identified that
play a role in regulating the biosynthesis of sec-
ondary metabolites in tuberous trichomes(12.20).
Based on the functional annotation, cannabis has
1225 transcription factors, which are classified into
56 families according to the similarity of their
DNA binding sequence with the binding domains
of three large families, MYB, Bhlh and AP2/ERF.
However, cannabis transcription factors are rela-
tively low compared to model plants such as Ara-
bidopsis, rice and maize (12). THCA synthase
gene expression analysis by I.J. Flores-Sanchez et
al showed that THCA synthase mRNA was present
only in cannabis plant tissues such as leaves and
flowers that contain glandular trichomes. This arti-
cle can express the importance of THCAs in the
growth and development of trichomes. Since
CsAP2L1, CsMYBI and CsWRKY1 are important
regulators of the expression of cannabinoid biosyn-
thetic genes and regulate the expression of THCAs
in tuberous trichomes. In the study conducted by
Yuanyuan Liu et al (12), the promoter and regula-
tory region of THCAs that drive expression in tri-
chomes were investigated. The measurement of
transcriptional activity showed that while
CsAP2L1 acts as a transcriptional activator,
CsMYB1 and CsWRKY1 act as transcriptional
repressors. Examination of different tissues of Pur-
ple Kush (a type of marijuana) revealed that
THCAS, CsAP2L1, CsMYB1 and CsWRKY1
show higher expression in trichome than other tis-
sues such as root, stem and leaf. As a result, their
findings show that cannabinoid biosynthesis is un-
der tissue-specific and developmental control, at
least in part, through the action of several tran-
scription factors that were identified and pointed
out. Such transcription factors have the potential to
provide tools for biotechnological manipulation of
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cannabinoid levels. Since esters such as salicylic
acid and GABA are used for mass production of
THC and CBD. In a study, the increase of the sec-
ondary metabolites of cannabis, namely THC and
CBD, was investigated by Elistor compounds.

The results of this study showed that signaling
compounds such as salicylic acid (SA) and GABA
promote the genes involved in the biosynthesis of
THC and CBD. On the other hand, the expression
study of the target genes THCAS, CBDAS, OLS
and PT as well as quantitative analysis showed
THC and CBD compounds. That the highest level
of THCAS activity occurs in the concentration of
0.1 mM GABA and 1 mM salicylic acid. There-
fore, the results suggest that salicylic acid and
GABA can affect the cannabinoid biosynthesis
pathway by stimulating the expression of key
genes and ultimately causing a change in the
amount of final products_(19). In 2009, Marks et al
(16) used RNA isolated from trichomes to produce
a cDNA library containing more than 100,000 ex-
pressible sticky sequences (EST) in order to identi-
fy candidate genes affecting the synthesis of delta-
9-tetrahydrocannabidiol. Candidates were identi-
fied at each step of biosynthesis leading to THCA.
According to their studies, it was found that many
genes of the biosynthetic pathway are preferential-
ly expressed in glands.

As already mentioned, one of the metabolites re-
quired for the synthesis of THCA is hexanoyl co-
enzyme A, which can be made by synthesizing
denevo fatty acids or breaking down existing li-
pids. Of course, qPCR analyzes support the denevo
pathway. The results of RT-PCR and heterologous
expression show the presence of THCA synthase
in the apoplastic space of the trichome gland local-
ly. On the other hand, many ESTs encoding tran-
scription factors and two MYB genes are ex-
pressed in trichomes. It has been suggested that
due to the similarity of cannabis MYB genes to
genes found in other plant species, these genes
may play a role in regulating the growth of tri-
chomes and THCA synthesis_(16,21).

1-4-5-Acidic cannabinoids

It is known that cannabinoids are produced by
plant metabolism in the form of carboxylic acids,
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where the substitution group is located at the 2nd
position of a carboxyl part (-COOH). Acidic can-
nabinoids produced by C.sativa include A9-THCA,
CBDA, CBGA and CBCA. These compounds do
not show any psychoactive effects. Usually, acidic
cannabinoids produced by plant metabolism con-
tain a pentyl side chain derived from the OA frag-
ment.

The combination of GPP with divarnic acid instead
of OA in cannabigrovarinic acid (CBGVA) leads
to the production of cananoids with propyl side
chains. The three known cannabinoid synthase en-
zymes are not selective for the length of the alkyl
side chain and convert CBGVA to the propyl hom-
ologues of THCA, CBDA and CBCA. All chain
lengths from methyl to pentyl have been found nat-
urally in cannabinoids, probably all due to mixing
with shorter OA chain homologues. Side chains are
important in determining the affinity, selectivity,
and pharmacological potency of cannabinoids for
receptors. Many other acidic cannabinoids, includ-
ing monomethyl and other types of esters, have
been identified over the years (8,13).

1-5- Cannabinoid receptors: CB1 and CB2
Cannabinoid receptors are a group of receptors be-
longing to the G-protein family. And it has a pro-
tein structure consisting of seven membrane-
enveloping helices along with intervening intracel-
lular loops and a C-terminal domain that can be
related to G-proteins from the G /o family. The
ligands of these receptors are known as canna-
binoids and endocannabinoids depending on
whether they are obtained from external or internal
sources.

1-6- Cannabis classification

Cannabis means cane-like, while sativa means
planted. And this means that this plant is propagat-
ed through seeds, not through a perennial plant
with roots. According to the modern classification
system, the genus Cannabis together with the ge-
nus Humulus belong to the cannabis family. Dur-
ing many centuries, different types of cannabis
have been produced as a result of breeding and se-
lection. So far, there is no general agreement for
the classification of this plant. And the classifica-
tion of different groups of hemp plant goes back to
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the time of Linnaeus in the late 18th century.
UNODC (1956) has divided hemp into three
groups:

1- fibers (hemp); Tall and branchless plants with
poor seed production.

2- Oil seed; Short and early plants with abundant
seed production.

3- medicinal cannabis; Short and branched plants
with dark green leaves

Schultz, Klein, Plowman, and Lockwood (1974)
(22) highlighted three species of this genus: C. sa-
tiva L, C. indica Lam and C. ruderalis. Other au-
thors refer to the same divisions at the subspecies
level with only one species C.sativa L. Small and
Cronquist (1976)(23) have divided the single spe-
cies of C.sativa into two subspecies, sativa and in-
dica, each of which has domestic and wild varie-
ties. In the subspecies C.sativa there are domestic
and wild types:

sativa var.sativa (domestic), C.sativa subsp. Sativa
var. spontama (Wild), C.sativa subsp. indica var.
indica (domestic) and C.sativa subsp. indica var
kafiristanica (wild).

The chemical diversity and morphological charac-
teristics found in cannabis have led some taxono-
mists to agree and suggest that cannabis should be
considered a multispecies genus with several indi-
vidual species including: sativa, indica, and ru-
deralis. However, it is usually accepted that canna-
bis is a species and has a single species C.sativa.
On the other hand, the classification of narcotic
cannabis is complicated by years of prohibition,
which has led to informal and clandestine breeding
programs, which have resulted in decades of cross-
breeding and hybridization without genetic records
(5,25).

1-6-1- Classification of cannabis based on the
amount of THC and CBD production

The medical benefits of compounds obtained from
cannabis are undeniable, on the other hand, the
subtle differences in the chemical nature of these
compounds can be pharmacologically effective
(16). The content and composition of cannabinoids
among cannabis plants is very variable (6). Hemp
plants are divided into marijuana and hemp based
on the amount of THC and CBD production. Mari-
juana produces a high ratio of THC to CBD, while
hemp has a low ratio of THC to CBD. Published
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studies show that the transcription levels of
THCAs and CBDAs may be the determining

C. sativa

C. indica

C. ruderalis

Figure 6: Species of cannabis_(27)

factors for the synthesis of the THC/CBD ratio,
although detailed information about the mecha-
nisms for changes in the expression of these genes
has not been revealed (24). However, among the
most important factors affecting the final perfor-
mance of hemp seeds and biomass, we can men-
tion climatic factors, i.e. the effect of weather con-
ditions that determine cannabinoids in plants, ge-
netic predisposition and also agricultural factors
(29).

1-7- Cannabis cultivation techniques

1-7-1- Cultivation in the open space

The hemp plant can be propagated through seeds
and its life cycle is completed between 4 and 6
months depending on the type and time of cultiva-
tion. Its height can reach five meters (16 feet). The
germination process is usually completed between
3 and 7 days, and the initial seedling growth stage
usually ends between 2 and 3 months. After this,
the plant is characterized by an increase in biomass
and overall growth during long days (vegetative

growth).
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It is very easy to distinguish the gender of the
flowers at this stage. At the end of summer, with
the shortening of the days to 12-14 hours or less
depending on the latitude and genetic characteris-
tics, the cannabis plant enters the reproductive
phase. Female flowers die at the same time as male
flowers mature and pollinate. The seeds produced
after flowering have a combination of the charac-
teristics of the two parents as a result of cross-
fertilization. This method is mostly used to grow
hemp to produce fiber or seeds with less than 0.2%
THC.

1-7-2- Cultivation in indoor environment

This method is usually used to increase resin pro-
duction and remove unwanted male plants. So that
the complete growth cycle, quality and quantity of
biomass can be adjusted under controlled environ-
mental conditions (6-8 weeks). Indoor cultivation
requires an effective hydroponic system to receive
nutrients and oxygen. However, a number of dif-
ferent techniques have been proposed for the in-
door cultivation of cannabis. For example: stand-
ing aeration method, nutrient shell technique and
aeroponic technique. In hydroponic growth, a nu-
trient solution in a specific pH range (5.5-6.5) is
needed for maximum plant absorption and growth.
Artificial light and compressed CO2 gas are need-
ed to control photosynthesis, plant biomass, and
flowering in indoor culture. For indoor cultivation,
lamps including fluorescent lamps (FL), metal hal-
ide lamps (MH), and high pressure sodium lamps
(HPS) are usually used.

1-7-3- Cultivation in a laboratory environment
This method has the advantage of being under con-
trol, independent of environmental factors (climate
and geographical location), non-contamination of
the produced plants with microorganisms and high
efficiency. This method allows the propagation of
different varieties of cannabis through seeds, alt-
hough one of the biggest problems of this method
is the high level of heterozygosity, which can lead
to significant changes in secondary metabolites
from one generation to another. In the early 1980s,
the callus of different parts such as cotyledons,
stems, young leaves, buds, petioles and roots were
used. Recently, the use of meristematic callus has
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been studied. But so far no specific results have
been provided (5).

1-8- The effect of the light spectrum on the can-
nabis plant

Light is one of the most important environmental
parameters affecting plant growth and development
(25). It exerts a wide range of effects on the activi-
ty of photosynthesis and photomorphogenic reac-
tions throughout the life of the plant. The most im-
portant part of the light spectrum for plants, PAR
(400-700 nm), is in the range of visible light. To-
day, it is widely accepted that the wavelength and
intensity of light can affect photosynthesis and
photomorphogenesis. Light plays an important role
in cannabis cultivation both in terms of quality
(spectrum) and quantity (intensity) (26). Lydon et
al. (1987) (27) reported an increase in THC con-
centration in cannabis plants treated with UV-B
radiation. which shows the possible protective role
of cannabinoids against ultraviolet rays. They stat-
ed that there is a linear relationship between the
content of THC in the flower tissue and the amount
of UVB in the medicinal cannabis plant. While it
does not affect other characteristics such as physi-
ology, leaf morphology and the content of other
cannabinoids (such as CBD) in medicinal and fi-
brous plants. The content of THC in flower tissue
increased from 25% to 35% when the effective dai-
ly dose of UVB increased from zero kJ/m2 to 13.4
kJ/m2 (26). Since the final output of the hemp
plant is important for its producers and consumers,
the cultivation of the hemp plant will be different
from other crops. The yield of the product cannot
be evaluated only based on the dry weight of the
flowers, but the content of the chemical com-
pounds of the final product is very important. Dry
shoot yield may be given on the basis of mass per
plant (grams per plant) or mass per unit area of
growth. Currently, there is no standard unit to indi-
cate the yield of dry sprouts. In recent years, the
unit of mass per watt of electrical energy con-
sumed by the lighting system (g W-1) has been
used because it indicates the relationship between
light intensity, cannabis growth and the efficiency
of the lighting system. Cannabis sativa L. produces
hundreds of different chemical compounds, which
are known as phytocannabinoids and have different
medicinal properties. Each type of cannabis plant
produces and stores different combinations of sec-
ondary metabolites in different proportions. The
formation of the characteristics of cannabinoids
depends on environmental and chemical factors, so
this issue is very important for the producers of the
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characteristics of cannabinoids depends on envi-
ronmental and chemical factors, so this issue is
very important for the producers of the medicinal
compounds of the cannabis plant, in order to pro-
duce continuous and uniform cannabinoids with
the desired medicinal properties.

For this reason, many cannabis producers are mov-
ing their growing medium to grow rooms and
closed spaces. Since the most important factors for
cannabis cultivation are quality, intensity and pho-
toperiod. In these rooms, it is possible to control
temperature, humidity, CO2 concentration, intensi-
ty and quality of light spectrum. Therefore, it pro-
vides the possibility of continuous cultivation of
hemp plant and harvesting up to six times during
the year for the producers. On the other hand,
growing cannabis indoors requires a lot of energy
due to the high demand for light and indoor cool-
ing, since cannabis is a plant adapted to high radia-
tion levels and hot temperatures. Various types of
lighting have been reported in cannabis grow
rooms, including fluorescent lamps (CFL or T5),
metal halide lamps (MH), HPS lamps, induction
lamps, light emitting diodes. Light (LED) or a
combination of different types of light is used. Dif-
ferent lamps have completely different light spec-
trums. Ordinary bubble lamps (tungsten-
fluorescent) in which a wire is melted and the light
shines from it has a range of spectrum from violet
to infrared, while moonlight lamps (fluorescent)
and mercury and moonlight lamps have a very
small amount of red waves and no infrared waves.
These types of lamps are cold because they do not
have infrared waves, while in normal lamps, only
about 5% of the electrical energy is converted into
light waves that can be used by the plant, and the
rest is lost as heat. be made This efficiency in
moonlight lamps is more than 15%. In horticultural
sciences and agricultural industry, it has long been
known to manipulate plant morphology and metab-
olism with light spectrum. Also, studies conducted
by researchers show that the spectrum of light has
an effect on the quality of cannabinoids and the
production of secondary metabolites.

A study compared the effect of three light spec-
trums including one HPS and two types of LED
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(AP673L and NS1) on the morphology and canna-
binoid content of cannabis clones. The spectrum
produced by HPS was 96% PAR and was strongly
concentrated with green/yellow light (68%), or-
ange/red light (21%) and less with violet/blue light
(8%). In comparison, the spectrum of AP673L pro-
duces a spectrum equal to 93% of PAR and was
mostly focused on orange/red light (59%), green/
yellow (20%) and violet/blue light (14%). For the
NS1 spectrum, the PAR was equal to 94% and fo-
cused on green/yellow light (37%), orange/red
light (33%) and violet/blue light (24%). The per-
centage of UVA in HPS was 1%, 0% in AP673L
and 2% in NSI. In mature conditions, the plants
grown under two LEDs were shorter and more
compact than those under HPS treatment due to the
increase in red light and blue light emission (26).
Namdar et al. (2019)_(28) showed that cannabis
plants grown under LED light, instead of growing
vertically towards the light source, spread their
branches horizontally and expressed the possibility
that it may be due to Use this method to get more
light to all the flowers. Also, Namdar et al. (2019)
(28) and Magagnini et al. (2018)(29) stated that
cannabis grown under LED light enriched with
blue light has a shorter height than plants grown
under normal light.

On the other hand, plants grown under HPS were
significantly taller and had higher stem dry weight
compared to plants under LED light treatment.
Tibbitts et al. (1983)_(30), Wheeler et al. (1991)
(31) reported that plants grown under HPS may
have unbalanced morphology and excessive leaf
elongation due to low R:RF ratio and low blue
light emitted from these lamps. Show the stem.

In fact, the reduction of R:RF ratio activates sever-

al transcription factors involved in auxin biosyn-
thesis, which leads to an increase in the longitudi-
nal growth of plants. The quality of light can affect
the flowering of plants and sometimes photoperiod
(short day, long day) may work. According to the
studies of Namdar et al. (2019)_(28), the short-day
cannabis plant under LED light shows a 40% re-
duction in flowering compared to normal light, alt-
hough it is associated with a 66% increase in total
cannabinoids.
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As mentioned, usually in the path of cannabinoid
biosynthesis, the amount of CBGA increases in
unripe flowers and finally it is converted into
THCA by specific enzymes. According to the con-
ducted studies, LED light can be effective on the
distribution of CBGA, in fact, the growth method
under LED light creates changes that can be seen
in the reproductive stage as well.

Namdar et al. (2019)_(28) observed an increase in
the amount of CBGA and reduced conversion to
THCA in cannabis plants that spent the vegetative
period under LED light and the reproductive peri-
od under HPS light. In another study, Magagnini et
al. (2018) also reported a significant increase in
CBGA in cannabis plants that flowered under LED
light.

They also expressed the reduction of THC concen-
tration in flowers treated with HPS compared to
LED. Meanwhile, the reduction of THC led to the
reduction of CBD, THCV and especially CBG,
which ultimately increased the ratio of THC in
HPS treatments compared to LED. So that HPS
shows a higher ratio of THC compared to LED
treatment. Most studies emphasize that the quality
and quantity of light affects the synthesis of canna-
binoids in the growing plant.

So MAHLBERG and HEMPHILL (1983)_(32)
concluded in their research that the quality and
quantity of light can affect the concentration of
delta-9-tetrahydrocannabinol (A9-THC), although
other cannabinoids, especially CBC It undergoes
optical changes. They observed the accumulation
of high levels of CBC, and the change in the ratio
between this cannabinoid and delta-9-
tetrahydrocannabinol (A9-THC) in plants under
green, blue, and red filtered light, as well as dark-
ness. Also, they believed that the high ratio of
CBC to A9-THC in filtered light conditions and
plants grown in darkness shows the importance of
CBC in light stress conditions. Therefore, the
mechanism of cannabinoid synthesis can be par-
tially deactivated in light-stressed leaves, but when
such leaves are exposed to daylight, it is reactivat-
ed and leads to the production of cannabinoids in
the plant. In this part of the current review, we pre-
sent the effect of different light spectrums on can-
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nabis growth. The conducted studies show that
LED and HSP lights can be suitable options for the
growth of cannabis plants due to the beneficial
changes in growth and the amount of cannabinoids,
however, there is still a need for more extensive
studies on the effect of quality and There is a quan-
tity of different light spectrums on the growth,
photomorphogenesis and metabolism of the canna-
bis plant.

1-9- The effect of food elements on cannabis
plant

It is well known that environmental conditions af-
fect secondary metabolites and their accumulation
in plants. Exogenous factors such as water supply,
moisture, salinity and nutrient availability affect
the production and concentration of secondary me-
tabolites such as alkaloids, phenols and terpenoids
(33). Mineral nutrition is one of the main factors
affecting growth, The growth and performance of
plants and the availability of nutrients in the soil
strongly affect the growth and development of
plants_(33,34). When the soil is depleted of certain
nutrients, severe limitations in biomass production
occur. Nutrient deficiency may induce nutrient re-
absorption as an important physiological process.
which is used as an important strategy to store nu-
trients. This process in plants that grow in soils
with limited nutrients or under stress, leads to a
greater ability to absorb nutrients and as a result,
better growth_(34) Optimal concentrations of min-
eral nutrients in plant and root tissues are different
and possible for each nutrient_(33). depend on
plant species. Nitrogen (N), phosphorus (P) and
potassium (K) are three minerals that are very
ubiquitous in plants and play a vital role in many
aspects of plant metabolism.

T.Lo$4k and R. Richter(35) showed in their studies
that the use of nitrogen supplements in the leaf and
flowering stages of the poppy plant leads to an in-
crease in the yield of alkaloids in the capsules. Al-
so, the highest level of morphine was found in
plants after treatment with high doses of nitrogen.
The content and composition of secondary metabo-
lites in plants are influenced by genetics and envi-
ronmental factors. While genetics determines the
production potential, environmental conditions
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cause changes in the quantity, quality and distribu-
tion of active compounds in the plant. In this way,
the characteristics of secondary metabolites are the
result of interactions between environmental and
physiological processes. Legal restrictions have
hindered the progress of academic research on can-
nabis over the past decades (33). Legal restrictions
have hindered the progress of academic research
on cannabis over the past decades_(33). Consider-
ing that the medicinal activity of cannabis plant is
attributed to its various secondary metabolites. Un-
derstanding how to regulate the biosynthesis and
accumulation of secondary metabolites in different
plant organs is needed. On the other hand, hemp
(HEMP) has a deep and large root system and has
a high ability to absorb nutrients and water from
the roots. Although hemp contains high amounts of
macronutrients, most of them can be returned to
the soil at a significant level through the above-
ground biomass as well as through the roots. In the
same way, approximately one third of the total po-
tassium required by the crop can return to the soil
through the inner part of the stem during the water-
ing phase of the field. For these interesting fea-
tures, hemp can be used in crop rotation to stabilize
nutrient levels and improve soil properties_(36).
Mineral nutrients and especially nitrogen are
among the main environmental factors affecting
plant growth, physiology and metabolism_(37) Ni-
trogen is a nutrient that has the highest consump-
tion in plants and is an essential part of most meta-
bolic processes, especially the synthesis of second-
ary metabolites, so its availability in the soil is very
effective not only on biomass but also on the syn-
thesis and final yield of the product. N input is one
of the critical factors for plant growth and perfor-
mance and is recognized as a primary limiting fac-
tor in many agricultural systems_(34,37). Water
and nitrogen insufficiencies are ma-
jor imperatives in hemp generation(45). The rela-
tionship between the availability of nutrients and
the yield of hemp products is a very important is-
sue in hemp cultivation. This article supports the
idea of joint regulation of nitrate transporters,
genes related to N metabolism, transcription fac-
tors and genes involved in the synthesis of second-
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ary metabolism as part of the complex mechanism
of dealing with biotic and abiotic stresses. There-
fore, this gene family can provide potential targets
for genetic improvement in hemp as well as other
fiber crops, improving tolerance to abiotic stresses,
nitrogen absorption, and finally production of bio-
mass and secondary metabolites (34). The results
of various studies show that nitrogen consumption
is usually very high during the first month of can-
nabis plant growth. Therefore, this fertilizer is used
in hemp cultivation fields at the time of planting.
The use of N fertilizers has a positive effect on the
height of hemp plants, the biomass of fibrous vari-
eties and the content of seed protein in seed-
producing species. So, the consumption of high
amounts of nitrogen fertilizers leads to an increase
in the longitudinal growth of the hemp plant,
which leads to greater strength of the plant in the
soil. On the other hand, msufficient amounts of
nitrogen lead to a decrease in plant performance,
which is very evident in the quality of the pro-
duced fiber. PC Struik et al (2004) (38), in a study,
stated that the response of hemp plants in nitrogen-
rich soils to nitrogen fertilizers is very small.
Therefore, based on the studies, it is suggested that
the amount of nitrogen fertilizer used should be
determined according to the amount of nutrients in
the soil (soil fertility). Considering the limited in-
formation about the effects of nutrients on canna-
bis plant with medical use, the results of Bernstein,
N et al's 2019(39) studies on cannabis plant
(medical) can be interesting. Also, it was said in
previous articles, nitrogen supplement in hemp
plant leads to increase in height and biomass.
While in the case of hemp plant with medicinal
use, very little response was observed using fertili-
zation treatments with P or K. But this information
only applies to medical cannabis, where the con-
centration of therapeutic cannabinoids is far more
important than total biomass or fiber length. In an-
other study conducted by Saloner and Bernstein in
2021(37), cannabis plants showed a significant in-
crease in inflorescence biomass under the treat-
ment of 160 mg/L of nitrogen, while higher
amounts of nitrogen (320 mg/L) g/L) did not in-
duce significant effect. But it led to several pheno-
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phenotypic and physiological responses including:
increase in photosynthetic pigment concentration,
leaf osmotic potential, plant N and N-NO3 concen-
tration, and decrease in gas exchange parameters.
They also observed an overall decrease in the con-
centration of most cannabinoids and terpenoids
with increasing available nitrogen, although it did
not affect or lead to the production of some com-
pounds, for example, alpha-pentene, beta-pentene
and myrcene. It was produced on the spur of the
moment. On the other hand, the increase in decar-
boxylation of THCA and CBDA with increasing
nitrogen supply shows that the optimal physiologi-
cal state causes the decarboxylation of canna-
binoids in the plant. And the lack of N, which
causes physiological disorder and delay in the de-
carboxylation of cannabinoids in the plant, which
shows the importance of secondary metabolites in
stressful conditions.

1-9-1-The effect of the element phosphorus (p)
Phosphorus (P) is an essential macromolecule for
plant metabolism and growth. Due to its function
as a structural element in phospholipids and nucle-
ic acids, it plays a key role in the transport of car-
bohydrates inside the plant as well as in the
transport of intracellular energy. Due to its im-
portant role as an energy carrier, P plays a role in
many key biosynthetic pathways such as fatty acid
synthesis, aerobic respiration, photosynthesis and
glycolysis_(40). Phosphorus nutrition has long been
of interest in cannabis cultivation. Breeders often
supply plants with a relatively high concentration
of phosphorus (above 200 mg/L) at the flowering
stage, based on the belief that this will promote
flower growth. However, there is little evidence to
support this_(41). Studies on the effect of phospho-
rus nutrition on the functional-physiological char-
acteristics and the content of cannabinoids in two
cultivars of medical cannabis, namely Royal Medic
(RM) and (DQ) Desert Queen, respectively, with a
high ratio of THC to CBD and a balanced ratio of
THC and CBD, evaluated. The research results
showed that biomass accumulation and morpho-
logical growth of the plant were not significantly
affected by concentrations higher than 30 mg/liter.
And the response to lower concentrations was dif-
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ferent between cultivars and tissues. At low con-
centrations of phosphorus, the reduction of root
and shoot biomass was shown without affecting
the ratio of branches. Also, the concentration of
photosynthetic pigments, chlorophyll a and b, de-
creased under P deficiency in RM. As for the con-
centration of cannabinoids, the increase in the con-
sumption of phosphorus resulted in a decrease in
the concentration of the tested cannabinoids, espe-
cially THCA and CBDA (Figure 7).
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Figure 7: The effect of phosphorus application on the
yield of cannabinoids in two varieties of medical canna-
bis, RM and QM(40).
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However, the yield and performance increased,
which shows that the values of 30 mg/L for DQ
and 30-90 mg/L for RM are optimal. Based on this,
it can be stated that the effect of phosphorus nutri-
tion on cannabinoids may depend on the genotype
and should be considered in genetic differences to
optimize consumption_(40).

Studies by COFFMAN and GENTNER_(42) in
1977 show that there is a direct relationship be-
tween maximum plant growth and A9THC yield
with soil phosphorus along with high levels of ni-
trogen or medium to high K. So that C. sativa
plants accumulated Mn up to 1800 ppm under
phosphorus deficiency conditions without showing
signs of toxicity, while plant growth was negative-
ly correlated with Mn concentration. Other studies

also show that the response of medical cannabis to
increased phosphorus supplementation depends on
the organ and composition. So, the concentration
of the main cannabinoids THC, CBD, CBN and
CBG in the upper flowers of the plant is not affect-
ed by the increase in P treatment (Figure 8). The
concentration of THC was reduced by 16 and 19%
in the leaves of the flower by phosphorus and NPK
supplementation, respectively, while the concentra-
tion of CBN showed a decrease only in the lower
flowers of the plant (Figure 8, A). Indeed, for most
of the cannabinoids studied, including THC, CBD,
and CBG, P supplementation increased the content
in the center or bottom of the plant without affect-
ing the top surface of the plant (Figure 9) (39).
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Figure 8: The concentration of the main cannabinoids in the flowers and leaves of the medical cannabis

plant under the influence of food supplements_(39).
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1-9-2- Effect of potassium

K plays a role in many physiological and metabolic
processes, including photosynthesis, transport of
absorbed substances, protein synthesis, enzyme
activity, regulation of stomata and osmotic regula-
tion. And therefore, it is not surprising that it plays
an essential role in the growth and development
processes_(33). The information obtained from the
study of the effect of potassium consumption on
two genotypes (RM and QM) of the medical can-
nabis plant has shown that low amounts of K have
similar effects in both genotypes, but high amounts
of K have various effects in the genotypes. shows
In the case of RM genotype, an increase in growth
was observed in response to values higher than 175
ppm, as well as an increase in leaf and root bio-
mass, stem thickness and internode height. But the
values of 240 ppm provided limiting effects.
Therefore, 175 ppm is known as the optimal con-
centration for RM genotype. For the QM genotype,
the values of 60-175 ppm were not effective on
plant growth, while it was surprisingly observed
that the values of 240 ppm of k led to an increase
in growth and development in this genotype_(33).
This difference in response to K supply may be
due to differences in plant tissue sensitivity to K
(eg, main stem vs. lateral shoot). Also, the pheno-
logical stage of the plant (for example, the vegeta-
tive or reproductive stage) can be a factor in the
response of hemp to K supply (41).

1-9-3- The effect of humic acid

HA is derived from humic substances, known as
humus, microbially metabolized organic matter
that constitutes more than 60% of soil organic mat-
ter in the world (39). Humic substances, as a part
of organic substances of humus, soil, are com-
pounds that arise from the physical, chemical and
microbiological transformation of biological mole-
cules_(48).

Humic acid in combination with different mineral
fertilizers, acid can improve soil quality, increase
the amount of fertilizer consumption, improve
yield and product quality (49) (Yang Li et al,
2019). It also plays an important role in the initial
stabilization of soil grains_(48). Therefore, HA as a
biological stimulus directly affects plant growth
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and development through nutritional, hormonal or
secretory pathways. Therefore, it can also play a
role in the biosynthesis of secondary metabolites
(39). Bernstein, N et al. reported in 2019 (39)
based on their studies that humic acid (HA) dietary
supplement reduced THC, CBD, and CBG levels
in flowers, inflorescence leaves, and fan leaves.
While P or NPK treatment did not affect the canna-
binoid content in fan leaves, with the exception of
CBCT, which was reduced by 29% with NPK
treatment, HA significantly increased THC, CBD,
CBG content. It reduced CBC, THCV, CBCT and
CBL in fan leaves. On the other hand, they ob-
served that the concentration of nutrients N, P, K
and Ca and micronutrients Mn, Zn and Fe in-
creased at least in one vegetative organ of medical
cannabis (leaves or stems). But effects on mud
were found only for Mn concentration. They con-
cluded that the accumulation of these metals may
cause the production of cannabinoids.

1-10- Medicinal effects of cannabis plant on the
human body

In a study by Callaway(44) and his colleagues in
2005, they evaluated the effect of daily oral con-
sumption of 30 ml of hemp oil in atopic dermatitis
patients for 8 weeks in order to find out its medici-
nal properties. The results of this study showed
that hemp oil effectively improves skin quality and
pathological symptoms by increasing the plasma
levels of gamma linoleic acid (GLA), stridonic ac-
id (SDA) and Ilitoleic acid (LA), which leads to a
decrease Dry skin, itching and use of skin medica-
tions by patients. It has also been suggested that
GLA is rapidly metabolized in the skin to the anti-
inflammatory DGLA, which also leads to the sup-
pression of the ability of polymorphonuclear neu-
trophils (PMN) to produce leukotriene B4 (LTB4).
On the other hand, SDA increases EPA levels in
red blood cells and plasma phospholipids, which
acts as an anti-inflammatory. Decreasing the level
of ceramides in the stratum corneum is one of the
important factors in atopic dermatitis due to its im-
portance in the function of the skin barrier. Mean-
while, the increase in plasma LA level can increase
the amount of ceramide in the skin layer. The au-
thors observed a decrease in TEWL values, indi-
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-cating that less water is lost through the skin after
using hemp oil.

The amount of total polyunsaturated fatty acids
(PUFAs) in patients' plasma increased significantly
after daily oral consumption of sesame oil, and due
to the known role of these fatty acids in immune
responses, the formation of new skin cells by cells
Facilitate basic skin problems and help improve
atopic dermatitis. They consider the presence of
GLA and SDA in hemp oil as a factor for replacing
delta-6-desaturase with the rate-limiting enzyme
and thus improving the symptoms of atopic derma-
titis.

Another study on hemp oil was conducted by
Mamber et al. in 2020(45) on the expression of the
immune response gene of human small airway epi-
thelial cells (HSAEpC) in chronic obstructive pul-
monary disease (COPD). The results of their stud-
ies show that hemp oil extract was able to create
significant effects on the expression of 37 tested
genes. So that six genes (CSF2, IL1RLI1, IL4,
IL13RA2, IL17A and PPARG) were regulated in
all three dilutions (1:400, 1:800 and 1:1600). Two
other genes (CCL22 and TSLP) show positive reg-
ulation, while six genes (CLCA1, CMAIl, EPX,
LTB4R, MAF and PMCH) were negatively regu-
lated at 1:400 and 1:800 dilutions. . Especially, re-
ducing the expression of CLCA1 and CMAI1 genes
can have positive effects in the treatment of
COPD.

On the other hand, the positive regulation of many
genes, such as IL4, CCL22 and TSLP, encode cy-
tokines and chemokines that are involved in anti-
inflammatory responses and Th2-type immunity.
Finally, it has been stated that hemp oil extract has
the potential to help reduce inflammation, restore
Th1/Th2 balance. and can improve other symp-
toms in COPD, it is also possible that it plays a
role in other autoimmune diseases that use the TH2
immune response pathway. The authors stated that
the use of cannabis extract in diseases such as asth-
ma and allergies that have an abnormal TH2 im-
mune response is contraindicated.

Study at 2021 evaluated the effect of cannabis
products on the control of CDKLS deficiency dis-
order (CDD), a severe, treatment-resistant form of
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primary epilepsy, in children. As current treatment
options are often ineffective or associated with ad-
verse effects, it forces families to seek alternative
treatments for their children, including cannabis-
derived products. The authors stated that more than
two-thirds of the 70 people surveyed perceived im-
provement in seizures either temporarily (16%) or
permanently (54%). And less than a quarter report-
ed that cannabinoids had no effect on seizure im-
provement, while fewer reported that seizure con-
trol worsened.

However, the active use of cannabinoids was not
associated with a reduction in the frequency of sei-
zures and the number of antiepileptic drugs used
compared to non-users. This issue indicates the
need for more investigations to understand this is-
sue. Also, the authors observed other favorable ef-
fects of cannabis use, such as: improving sleep,
feelings/mood, growth and eating/digestion/
appetite, the most common benefits of which were
besides improving seizures, increasing alertness/
attention and improving cognition. Therefore, it
can be said that cannabis products may have bene-
fits beyond seizure control (46).

In 2013, Soheila Rezapour-Firozi and et al (47)
investigated the effect of hemp oil and evening
primrose oil along with a warm diet on the control
of MS. For this purpose, patients were divided into
three groups. Group A was treated with a diet of
complementary oils in the amount of 18 to 21
grams per day (6 to 7 grams, three times a day)
with the recommended hot nature diet, group B
was treated with olive oil in the amount of 18 to 21
grams per day ( 6 to 7 grams, three times a day)
and group C treated with complementary oils 18 to
21 grams per day (6 to 7 grams, three times a day)
for 6 months. The results of this study indicate that
supplemental oils alone (with or without hot nature
diet) can have a therapeutic effect on MS.

The amount of pro-inflammatory cytokines IL-17
and IFN in group A and C (mainly group A) de-
creased, while in group B, it was associated with a
significant increase. They stated that complemen-
tary oils along with hot nature diet leads to block-
ing of pro-inflammatory cytokinin synthesis path-
ways and blocks the expression of IL-17 cytokinin.
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In fact, by targeting the key mechanisms of the dis-
ease, it acts like one of the approved treatments for
modulating the immune system, such as beta inter-
ferons and glatiramer acetate (47).

Conclusion

Cannabis is among very special plants due to its
high diversity. This plant has very complex phyto-
chemical compounds, the most unique of which are
cannabinoids. Therefore, cannabis can be consid-
ered as a real factory producing secondary metabo-
lites, which is very important in the pharmaceutical
industry. Each type of cannabis plant produces and
stores different combinations of secondary metabo-
lites in different proportions. The formation of the
characteristics of cannabinoids depends on envi-
ronmental and chemical factors, so this issue 1is
very important for the producers of the medicinal
compounds of the cannabis plant, in order to pro-
duce continuous and uniform cannabinoids with
the desired medicinal properties Considering the
extensive medicinal properties of cannabinoids, the
methods of growth, harvest, processing and use are
progressing towards an important place in pharma-
ceuticals.

Various factors are important in the growth and
breeding of the cannabis plant. Light, both quanti-
tatively and qualitatively, can play an important
role in the cultivation of cannabis, so that studies
have shown that there is a linear relationship be-
tween UV-b radiation and the amount of THC in
the cannabis plant. This is despite the fact that
LED and HSP lights can be suitable options for the
growth of cannabis plants due to the beneficial
changes in growth and the amount of cannabinoids,
however, there is still a need for more extensive
studies on the effect of the quality and quantity of
the spectrum. There are different light effects on
the growth, photomorphogenesis and metabolism
of the cannabis plant. Nutrients also had interesting
effects on the hemp plant, so that according to the
study, the consumption of high amounts of nitro-
gen fertilizers will increase the length growth of
the hemp plant, which leads to greater strength of
the plant in the soil. to be On the other hand, insuf-
ficient amounts of nitrogen cause a decrease in
plant performance, which is very evident in the
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quality of the produced fiber. Considering the lim-
ited information about the effects of nutrients on
the hemp plant, more research in this field can be
useful. In addition to the importance of canna-
binoids, hemp plant products, including its oil, can
have beneficial effects in the treatment of many
diseases such as: epilepsy, MS, skin eczema, etc.,
which these cases show. The importance of the
need for more research about this valuable plant.
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