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ABSTRACT

Cannabis sativa L. is cultivated for several thousand vyears.
Cannabinoid research has been started from the 1940s and more
than 100 species are structurally determined in recent years. The
biosynthetic research of cannabinoids started using labelled
compounds, followed by the isolation and cloning of their
biosynthetic enzymes. Among them tetrahydrocannabinolic acid
(THCA) synthase was found to be a flavoenzyme. This enzyme was
overexpressed in a baculovirus system and crystallized. The exact
structure was determined by X-ray crystallography resulting in
determination of reaction mechanism. To efficiently promote THC
metabolic studies anti-THCA monoclonal antibodies was prepared
to isolate and structurally determine THC metabolites in vivo and
define metabolic pathways. Two receptors CB1 and CB2 for
cannabinoid were discovered and two endogenous ligands for them.
Rapid progress is being made on the relationship between the
endocannabinoid system and brain function. THC is currently
marketed for nausea, vomiting, weight loss, and sleep apnea. CBD
was approved for the treatment of intractable epilepsy. Therefore,
dementia will be discussed in this review because dementia has
recently become a major social issue worldwide. THC inhibits
acetylcholinesterase and AP condensation in vitro. CBD showed
antioxidant, anti-inflammatory and neuroprotective effects on mice
treated with human A protein. CBD and THC were used together,
the therapeutic effect was much stronger than with CBD alone, and
the effect showed an aspect of antagonistic response. Therefor, CBD
is an excellent candidate for AD treatment as its mechanism of action
and medicinal effects differ from those of other drugs, and it also
acts as a prophylactic agent against AD without side effects such as
dependence and/or hallucinogenic effects like THC. Clinical studies
have been conducted with THC and/or CBD, or their products, and
have shown anti-recognition effects, but of course side effects of THC
have been observed and no conclusion has been reached as to
whether THC or CBD is better for clinical use.

Keyword: Cannabis sativa, cannabinoid biosynthetic enzyme,
metabolism, anti-THCA MADb, anti-dementia.
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1. Introduction

Cannabis sativa L. belonging Cannabaceae, is a
dioecious, annual grass that is cultivated for several
thousand years worldwide and also grows wild

(Fig.1).
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Fig.1 Male (left) and female (right) flowering

cannabis plants (collection of one of the author
(Y.S.)

It is estimated that 3% of the world's population
uses cannabis for mental relaxation, as can be
easily guessed from the various names by which it
is known in different parts of the world. Cannabis
contains cannabidiol (CBD), tetrahydrocannabinol
(THC), cannabinol (CBN), and cannabichromene
(CBC) as a major cannabinoid (Fig. 2). The historical
background of cannabinoids shows that Adams et
al. structure-determined CBN?, following
Mechoulam and Shvo? and Gaoni and Mechoulam?
determined the structures of THC and CBD,
respectively, depending on their stereochemistry
and doble bond position. Turner et al. 4 reported
the number of 60 cannabinoids in 1980 resulting in
70 in 2005. Elsohly et al. report that the number has
doubled to 120 species.> This is largely due to the
rapid development of analytical methodology, in
particular gas chromatography-mass spectrometry
and liquid chromatography-mass spectrometry
resulted that 110 cannabinoids and 440 non-
cannabinoid  components such  asterpenoids,
flavonoids, and sterols were found®.

Cannabis ingredients are known to be unstable
against air oxidation, heating and light. For
example, the authors have successfully synthesized
cannabinolic acid (CBNA) and cannabicyclolic acid
(CBLA) from tetrahydrocannabinolic acid (THCA)
and cannabichromenic acid (CBCA), respectively,
by photoreaction’. Contrary to this common
knowledge, Pacifici et al. found that THCA and
CBDA are usually easily decarboxylated by heat
to give THC and CBD, respectively, however when
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stored as plants, THCA and CBDA can withstand
storage for more than a year8. The authors believe
that this finding is closely related to our findings®.
The cannabinoids are protected by the essential oil
components and are less sensitive to heat and other
factors, and therefore can be preserved in their
original form without decarboxylation, since THCA
and CBDA are biosynthesized and accumulated in
the glandular trichomes where the essential oil
components are accumulated.?

The pharmacological activity of cannabinoids,
particularly THC and CBD, has been widely
studied'® and their efficacy and safety have been
noted'!. The main cannabinoids are shown in Fig. 2.
All of these except CBN (A) are original
cannabinoids. As already mentioned, THC and CBD
are the main medicinal components and are
clinically applied for chemotherapy induced nausea
and vomiting, decreased weight due to AIDS and
drug resistant epilepsy.

The authors have conducted isolation of new
cannabinoid'?, breeding studies of nontoxic
Cannabis species'3, pharmacological studies of
THC'4, biosynthesis'> and metabolism'®  of
cannabinoid. Recent cannabis research has
developed around endocannabinoid and receptor
research. However, since THC, CBD and synthetic-
related cannabinoids are now medicines, the
biosynthetic enzymes of cannabinoids which are
found by authors are the main focusing of this
article. The aim is to clarify how cannabinoid is
biosynthesized in plants by purifying and isolating
biosynthetic enzymes, clarifying their properties
and providing an overall figure of cannabinoid
production. On the other hand, it has become clear
that cannabinoids are transported by fatty acid-
binding proteins, stored in the ligand binding pocket
and metabolized by CYP proteins. However, the
actual metabolism of THC is unknown, and little is
known about what metabolites of THC have strong
affinity to the receptor. Therefore, all metabolites
of THC isolated have been introduced for further
research. Since THC and CBD have become
intractable analgesics, appetite stimulants for AIDS
patients and intractable epileptics, and since their
potential as therapeutic cannabinoid agents for
patients with Alzheimer's disease, which is now
rapidly increasing worldwide, is being reported,
the aim of this study was also to provide the latest
clinical data and clear the mechanism of action
resulting in basic data on the potential of THC, CBD
or THC-CBD mixtures as new therapeutic agents for
Alzheimer's disease.
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Fig. 2. Structures of major cannabinoids.

2. Biosynthesis and metabolism of

cannabinoids

Cannabis plants are classified into two phenotypes
such as THCA called as a medicinal type-marihuana
and CBDA called as a fiver type-marihuana strains
coexisting CBCA which is a major cannabinoid in
younger stage and the major cannabinoid content
such as THCA or CBDA is increasing comparing to
that of CBCA as it matures'”. With the aim of
breeding for fibrous cannabis, a variety that
contains an ignorable amount of THCA and in which
CBDA is the main cannabinoid was successfully
fixed after eight years of repeated selective
breeding, named the CBDA variety'3. Phenotypes
for the alkyl group part of cannabinoids also exist.
Isolation of propyl cannabinoids has been
reported'8, and the authors have also isolated and
determined the structures of genuine cannabinoids
such as tetrahydrocannabivarinic acid (THCVA),
cannabidivarinic acid (CBDVA),
cannabichromevarinic acid (CBCVA) and
cannabigerovarinic acid (CBGVA), which are
carboxylic acid types, from Thai cannabis'2. We
continued to demonstrate the biosynthetic pathway
of propyl cannabinoids using labelled compounds,
and although the interrelationships between propyl
cannabinoids were clear, we were unable to
confirm the  phenotype-related  relationship
between pentyl-type and propyl-type
cannabinoids!®. Recently Meijer et al. concluded
that phenotypes also exist for propyl cannabinoids
and are due to genetic factors20,

CBN: R=H
CBNA: R=COOH

Biosynthetic studies of cannabinoids started in the
1960s using isotope tracers resulted that
cannabinoids are formed by the coalescence of
both the acetate-malonic acid and mevalonic acid
pathways!?. On the other hand, it was suggested
that hexanoyl-CoA formed by acyl-activating
enzymes is a precursor for cannabinoids?!.
Fellermeier and Zenk confirmed that olivetolate and
monoterpene were conjugated by a transferase to
give CBGA22 transforming to further CBDA, THCA
and CBCA individually. The authors found that
olivetol synthase, a polyketide synthase was an
essential enzyme for the cannabinoid biosynthesis23.
As mentioned above the biosynthetic pathway of
cannabinoids was identified, the main cannabinoid
biosynthetic enzymes, THCA synthase?4, CBDA
synthase2’ and CBCA synthase2¢ were successfully
purified and isolated. Among them, the structural
elucidation of THCA synthase, which is involved in
THCA production and can also be applied to the
breeding of fully THCA-negative CBDA strain, was
initiated.

The cloning of THCA synthase, followed by the
generation of a transgenic protein?’, revealed that
this enzyme contains important insights. THCA
synthase was found to be a flavoenzyme with high
homology to berberine bridge enzyme, i.e. an
enzyme that produces scoulerine by oxidative
cyclisation of reticuline?8. This finding was
successfully demonstrated by mass expression of a
recombinant enzyme using a baculovirus-insect cell
system?23.27,29, CBDA synthase was similarly cloned
and found to be a flavoenzyme like THCA synthase
by mass expression of the recombinant enzyme30.
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Fig.3. Biosynthetic pathway of CBDA and THCA

Another cannabinoid production-related enzyme,
cannabinoid prenyltransferase 4 (CsPT4), has
recently been discovered in C. sativadl.

Based on the data obtained so far on THCA
synthase, its crystallization was carried out to

Cannabis and Cannabinoid Brain Function

elucidate the crystal structure. This enzyme was
overexpressed in a baculovirus system and
crystallized32. The exact structure was determined
by X-ray crystallography at 75 A resolution (Fig.4-
A)33,

Fig.4 Structure of THCA synthaseA X-ray crystallographyBProposed structure of THCA synthase-CBGA

complex

Green: CBGA, Blue: FAD, Black circle: hydrophobic region

As already mentioned, THCA synthase is bound to
a flavin adenine dinucleotide (FAD), locating at
histidine 114 which has succeeded in creating a
mutant that has completely lost its activity by
introducing a mutation in the molecule?’. Moreover,
having identified tyrosine 484 in the active pocket
of THCA synthase as a dissociable amino acid

residue, it was confirmed that conversion of tyrosine
484 to phenylalanine completely abolished its
activity?’. The proposed complex of THCA synthase
and CBGA is indicated in Fig. 4-B. Further, Fig.5
shows the proposed catalytic mechanism of THCA
synthase.
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Fig.5. Proposed catalytic mechanism of THCA synthase

CBGA is found as a substrate, while THCA remains
in the reaction pocket as a product; THCA synthase
activity is clearly reduced in active site mutation
experiments, but is not completely lost. This indicates
that CBGA is bound to the active site resulting that
a reaction mechanism was deduced, as shown in Fig.

5.

As already mentioned, THC and CBD are the main
cannabinoids used for medical purposes, so the
possibility of breeding, i.e. breeding varieties with
high content of both cannabinoids including
biosynthetic enzyme, is discussed. It is important to
breed varieties that produce high yields of THC or
CBD for medicinal uses, respectively. Mutations
against THCA synthase inhibit THCA biosynthesis,
while CBDA increases?’. This methodology is
considered to be the most powerful method for
molecular breeding of Cannabis species, but
unfortunately it has not led to the success of
regeneration from transgenic Cannabis cells.

A sensitive analytical method using anti-THCA
monoclonal antibody (MAb)34:35 is useful in a wide
range of fields such as metabolic pathway of
THC36:37 as discussed following and forensic area38
and further a method of obtaining single chain
fragment variable (scFv) antibody from hybridoma
cell lines for the breeding of cannabinoid
accumulation is important for production of THC
and/or CBD as a medicine because the authors
succeeded a unique breeding technology, “missile-
type molecular breeding” method in which
introduction of scFv genes into host plants increases
antigen molecules by about 3-fold.39-42. Although
this methodology has not been succeeded in
Cannabis, THCA content increased almost three-

OH

ﬁﬁ

FAD(red)
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fold compared to the original plant when the scFv
gene from the anti-THCA MAb is introduced into
cannabis plants of THCA strain. Since recently, Luo
et al. have successfully used yeast to create CBGA,
CBDA, THCA and cannabidivarinic acid (CBDVA)
production matrics3!, the introduction of the scFv
gene into this method may enable high-content
breeding without going through cannabis plant
cells.

We confirmed that THC is metabolized to the
oxidative derivatives promptly resulted that their
activities are changed one by one3®d7, As
mentioned previously it is easily suggested that
anti-THCA MAb can recognize almost all oxidative
THC products. Moreover, Eastern Blotting System43
is a method that allows simultaneous detection of
related compounds, so we plan to introduce it into
THC metabolite studies. In vitro and in vivo
investigations indicated that quick THC oxidation
reactions occur at various sites on the THC molecule,
and THC metabolites in which hydroxyl, epoxy,
carbonyl and carboxylic acid groups are
introduced by the oxidation process have been
isolated and structurally elucidated and the
metabolic pathway is confirmed as shown in Fig.6%7.
Metabolic studies of THC are also important in drug
discovery, as its bioavailability differs depending
on its structure, and its affinity to enzymes and/or
receptors is also greatly affected. It was mentioned
that MAb can discriminate between various THC
metabolites with different oxidation processes, but
it was found that it can also discriminate between
stereoisomers as well. The B-isomer of 7-hydroxy-
A8-THC and 8-hydroxy-A9-THC, respectively, was
found to be slightly more reactive than the a-isomer.
However, the double bond isomers could not be
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distinguished between the two. It was mentioned
that anti-THCA MADb has a broad cross-reactivity to
THC metabolites, but this MAb does not react with

COOH

CHO

o, }

CH,OH
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endocannabinoids, cholesterol, testosterone, [-
carotene etc, so it could be used for THC kinetic
studies36:37,

Fig.6. Metabolic pathway of THC

Recently, Elmes et al. reported that fat-soluble THC
and CBD are transferred by fatty acid-binding
proteins (FABP1)44. Subsequently, a pathway was
identified in which THC is transferred and stored in
the ligand binding pocket by FABP1 before being
transferred to CYP450 enzymes for metabolism45.
It is easily suggested that our anti-THCA MAb will
be very useful in the above studies to track the
movement of THC metabolites in vivo too.

3. Therapeutic cannabinoids

Research on endocannabinoids has made
remarkable progress in recent years. CB14¢ and
CB247, two types of THC receptors, were isolated in
the brain and macrophage, respectively and cloned
and sequenced. This led to research into receptor
ligands resulting in discovers of
arachidonoylethanolamide (anandamide) and 2-
arachidonyl glyceride by Devane et al.48 and
Sugiura et al.4?, respectively. Developments in
endocannabinoid research have indicated that
pharmacological  properties of a ligand,
anandamide are similar to the central nervous
system (CNS) and peripheral systems with THC,
especially with regard to the inhibitory effects for
memory and motor activity30-52, ocular blood
pressure and heart rate33.54, regulation of hormones
such as the hypothalamus pituitary-adrenal
axis>33%,  neurotranusmission mediated by
dopamine, acetylcholine, noradrenalin, endorphin
and glutamate37:58, and the immune response59:60,
Hua et al. determined the crystal structure of human
CB1 and revealed the basic properties of the
receptor resulting in the antagonist binding site¢'.
Moreover, the crystal structure of the human CB2
receptor has been determined by mutagenic and
molecular docking methodologies, revealing its

function and selectivity between CB2 and CBI.
Further studies on antagonists and agonists for CB2
receptors have revealed the mechanism of CB2
receptor activation®2, These functions are closely
related to the CNS resulted that therapeutic
cannabinoids have been discussed widely and can
facilitate rational drug design.

It is well known that long-term cannabis use can lead
to a condition known as marihuana psychosis, which
causes mental disorders and mental instability.
Furthermore, repeated use of cannabis by young
people is said to reduce short-term potency,
thereby causing anhedonia syndrome and making
them lazy%3. Recently, however, the idea of
decriminalization of cannabis has spread around
the world and the medical cannabis swell has grown
rapidlyé4. Recently Jefsen et al. reported that the
prospective population-based cohort study using
the Danish National Register included all survivors
aged 16 years and over showed that Cannabis use
disorder has been found to be associated with an
increasing risk of psychotic and non-psychotic
bipolar disorder and unipolar depressionés. These
findings may inform policy on the legal status and
management of cannabis use  Moreover, in order
to realize the concept of medical cannabis and
provide a manual for doctors to prescribe cannabis,
Brunetti et al. propose the establishment of precise
methods for analyzing cannabinoids in various
types of cannabis, the determination of the exact
concentration of cannabinoids and the appropriate
amount of cannabis to be used®®. It is an undisputed
fact that these discoveries have rapidly advanced
the concept of medical cannabis, promoted the
medical application of cannabinoids and drug
development research involving cannabinoids,
namely THC and CBD resulted that THC has been
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approved by the Food and Drug Administration as
a safe and appropriate treatment for vomiting and
nausea that commonly occur with cancer drug
therapy and for weight loss in HIV/AIDS. THC is
currently marketed under the trade names
Dronabinol, Adversa, Syndros, Marinol, and Reduvo
for applications such as nausea, vomiting, weight
loss, and sleep apnea. CBD, on the other hand, was
approved for the treatment of intractable epilepsy
in the USA in 2018 and in Europe in 2019,
respectively.

With regard to illnesses dementia has recently
become a major social issue worldwide. The type of
dementia is clearly indicated in “The Diagnostic and
Statistical Manual of Mental Disorders” specified
dementia¢’. The rapid increase in the number of
people with dementia in recent years has created
a maijor crisis worldwide. To give an example of the
estimates in Japan, the number of sensitized persons
is expected to exceed 10 million in 2050,
compared to 7.3 million in 2025%8, This situation is
seen all over the world®®. The ratio of the number
of people with dementia to the global population
aged 60 and over is higher in Europe, the USA and
Japan, at more than 6%, and lower in Asia and
African countries, in the 3% range.”® We consider it
an important matter to investigate the factors
behind this. In fact, epidemiological studies on
lifestyle and eating habits have shown that wine”!
or fish’2 reduce AD in older people. For these
reasons, there is a strong need for methods and
natural products for the prevention of AD all over
the world. AD is the most common form of dementia
in older people, accounting for 30% of cases, and
is estimated to affect 33 million people worldwide.
It is generally accepted that AD is influenced by
inflammation and oxidative stress in the brain, which
leads to the accumulation of amyloid-B (AB)
plaques and phosphorylation of tau protein in the
brain, resulting in necrosis of cranial nerves and the
development of dementia. AD generally increases
with age, but as noted above, it is also clear that
eating habits and lifestyle are associated with the
dementia development. Research into natural
products with anti-cognitive activity, particularly
those with acetylcholinesterase inhibitory activity,
has been widely developed and many active
components have been identified”374. Nevertheless,
the only natural product with a medicinal use as an
acetylcholinesterase  inhibitor is galantamine
containing in Galanthus caucasicus and G. woronowii.
Alternatively, synthetic acetylcholinesterase
inhibitors such as donepezil and rivastigmine, and
N-methyl-D-aspartate receptor antagonist
memantine, are available”’s, but each causes
nauseq, diarrhea, weight loss”¢ and hallucinations,
fatigue and dizziness””7, respectively.

Cannabis and Cannabinoid Brain Function

Marijuana is listed as a mafen in the 120 kinds of
supernatural medicines (herbal medicines that, when
used daily in moderate amounts, do no harm and
contribute to improved health) in the Chinese book
of Shen Nung Hon Ching, which states that "when
taken in moderate doses for a long time, it will lead
to the state of a god or hermit, to divine clarity and
gradually lighten the body's movements" and is
expected to activate the brain function.
Investigations into the anti-cognitive activity of
cannabinoids have shown that THC inhibits
acetylcholinesterase and AP condensation in an in
vitro evaluation system”8. On the contrary, CBD has
been shown to be a potent antioxidant, as is the
dihydroxy form, although the mechanism and
receptor issues are unresolved with regard to its
anti-cognitive activity”?.80, Neurotoxicity induced by
AB infusion was protected by CBD in an in vitro
system. In addition, CBD inhibits intracellular
signaling pathways and suppresses tau protein
phosphorylation8! and NO production82 in AR
protein inducing investigations in vitro.
Administration of CBD to mice injected with AB
protein in the hippocampus suppressed interleukin-
1B and NO expression in a dose-dependent
manner83. These results indicate that CBD inhibits
oxidative stress and tau phosphorylation in AD
patients without hallucinations or other side effects
such as those exhibited by THC. Georgia and Karl
presented in vivo studies on the preventive and
therapeutic effects of CBD on AD84. Watt and Karl
also reviewed that CBD has possibility for AD
therapy. CBD showed antioxidant,  anti-
inflammatory and neuroprotective effects on mice
treated with human AP protein, but caused AP
plaques in the hippocampus and cortex in APPxPS1
transgenic mice. CBD reduces AB plaques caused
by reactive gliosis and simultaneously reduces iNOS
and interleukin-1f protein levels. This phenomenon
reduces inflammation and thus neurogenesis in brain
tissue resulted that cognitive function is prevented in
AD animal model85. When CBD and THC were used
simultaneously, the therapeutic effect was much
stronger than with CBD alone, and the effect
showed an aspect of antagonistic response. From
the results of the above studies, CBD is an excellent
candidate for AD treatment as its mechanism of
action and medicinal effects differ from those of
many other drugs, and it also acts as a prophylactic
agent against AD. More importantly, as mentioned
above, CBD has no side effects such as dependence
and/or hallucinogenic effects like THC. Recently, as
research on CBD and THC has increased, various
systematic reviews have been reported. Kim et al.
review a number of studies on the use of
cannabinoids for dementia and opine that CBD is
effective not only in the treatment of AD but also in
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prevention. Studies with PC-12 cells have shown
that CBD protects against AR neulotoxicity and
oxidative stress and inhibits acetylcholinesterase
resulting in promotion of memory, and activates
neurogenesis in the hippocampus and reduces ROS
production and fatty acid peroxidation and so on.
They stated clearly that mixed administration of
CBD and THC was far more memory-enhancing than
CBD or THC alone, although THC side effects did
occur8, Twelve investigations covered inclusion
criteria. Designs of study seemed to be dispersed
such as randomized controlled trials (50%) and
cannabinoids, dronabinol (33%), nabilone (25%) or
THC (42%). It became evident that dronabinol and
THC demonstrated significant enhancement against
neuropsychiatric scores. Sedation has been
observed as a side effect in many cases. There is no
doubt that cannabinoids may be useful in refractory
diseases being safe and mild although no
systematic studies have been conducted to date yet.
In summary, the author suggests that it is necessary
to conduct experiments with higher doses of
cannabinoids and to investigate according to
formulations  with suitable bioavailability to
determine the appropriate use of cannabinoids8”.
The following high volume clinical trials are based
on this suggestion. A high dose of 9.9 mg of THC
and 18.0 mg of CBD for two months in female
dementia patients with severe behavior problems
improved rigidity, one of the behavior problems,
and improved daily care in severe dementia
patients88. Charernboon et al. reported that THC is
effective against the cognitive symptoms of
dementia in a systematic review of randomized
controlled trials although evidence was not
convincing®?. The above-mentioned anti-perception
activity of the natural drugs THC and CBD has been
discussed, but there are some drawbacks as drugs.
When the cannabis plant itself is used, it is
necessary to determine the THC and CBD content
for each lot. In addition, as the authors have
succeeded in converting THCA to CBNA by
photoreaction’, THC is converted to CBN by the
influence of light and air oxidation, so the potency
needs to be checked frequently. Further when CBD

Cannabis and Cannabinoid Brain Function

is taken internally, there may be a possibility of
cyclisation due to strong acidity in the stomach,
which could lead to conversion to THC. Because of
these problems, it will be necessary to continue to
study various aspects of the use of THC and CBD as
drugs.

4. Conclusion

Compared to the cannabinoid field, the
development of the endocannabinoid field in recent
years has been spectacular. Therefore, in this
review, the authors have isolated and cloned
enzymes in the biosynthetic pathway of
cannabinoids, and clarified the overall structure of
THCA synthase by x-ray analysis. A new breeding
technology for cannabinoid is proposed, which will
greatly contribute to the production of cannabinoid,
especially THC and CBD. The way in which
cannabinoids are made has been clarified, and now
the metabolism is touched upon. The use of anti-
THCA MADb, which has a broad affinity for
cannabinoids, as a new method for metabolic
studies shows that it is possible to systematically and
efficiently elucidate the metabolic pathways of
THC. We hope that this will be a pioneer in THC
kinetics and kinetic studies in the body and brain in
the future.

Recent neuronal research84 have shown that THC
and/or CBD blocks AB-induced neurotoxicity,
hyperphosphorylation of tau protein, iINOS and
interleukin-1, and has unique activity compared to
existing anti-dementia drugs. The anti-recognition
activity of THC and CBD in in vitro, in vivo and
clinical trials is shown in Fig. 7. CBD is gaining
attention due fo its anti-dementia activity as well as
its effectiveness in treating intractable seizures,
especially intractable pilepsy without the risk of the
psychological side effect like THC. Clinical studies
have been conducted with THC and CBD, or their
combination, and have shown anti-recognition
effects, but of course side effects of THC have been
observed and no conclusion has been reached as to
whether THC or CBD is better for clinical use.
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Fig.7. Anti-dementia activities of THC and CBD

The prospective population-based cohort study
showed that cannabis use disorder has been found
to be associated with an increasing risk of psychotic
and non-psychotic bipolar disorder and unipolar
depression in futureés. This is an area that needs
further discussion, as it is taken as an indication that
cannabinoid, and especially THC, use as well as
cannabis users may cause depressions in later
years.
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