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CHAPTER |
INTRODUCTION

Due to the legality, ethical, and social implication of its use, Cannabis sativa
L. is one of the most contentious plants to date. The harmful health effects can
even lead to death from consuming this plant for benefit of therapeutic indications
(Bridgeman & Abazia, 2017). It is reported that more than 400 known constituents
from 18 different chemical groups are contained in this plant (Brenneisen, 2007). The
pharmacological effects are accounted for by the bioactive constituents present in
this plant. Numerous studies have reported that cannabis has an antimicrobial
activity on negative-positive gram bacteria (Monika et al,, 2014), anticancer activity
(Carter et al, 2011; Fowler et al, 2010; Pertwee, 2012; Ribeiro Grijo et al,, 2019;
Velasco et al.,, 2012), and analgesics effect (Romero-Sandoval et al.,, 2017). As the
public enthusiasm for this plant increased, research, especially for medical purposes,
expands over the years and it is crucial to accentuate research on the phytochemical
composition of C. sativa and its products to reveal the expanded potential use of
medical cannabis.

One of the potential benefits of cannabis is related to human skincare as
seen in many commercial skincare products. The effect on the skin is then
speculated. Skin UV protection is of interest being investigated for many skincare
products. Sunlight radiation’s effects on human health have been a polemical topic
in the medical research community. Based on a dermatologist’s perspective, sunlight
is an ultraviolet radiation source, which can cause skin health problems such as
harmful photoaging, immunosuppression, and skin cancer if exposed to excess
(Heiskanen et al., 2020). Ultraviolet (UV) light is grouped as UV-As0.400 nm» UV-Bagos20

ams @Nd UV-Ci09.290 nm- The UV-A light is a primary factor in skin aging and damage, and



it perforates deep into the dermis, which can produce Reactive Oxygen Species (ROS)
and latterly generates oxidative stress (D'Orazio et al., 2013; Kuo et al., 2020). ROS or
well-known as free radicals and can also be defined as an unstable species that have
unpaired electrons chemically. When an imbalance occurs due to the formation of
excessive ROS which can’t be neutralized through the innate antioxidant defense
mechanisms, oxidative stress develops (Poljsak & Dahmane, 2012). Recently,
antioxidants preparation has become a trend in increasing the antioxidant defense
system to get over the oxidative damage induced by ultraviolet radiation from
sunlight (Hassan et al., 2013).

Plant antioxidants are a natural reservoir of the bioactive compound that
plays an essential role in plant acclimatization and adaption to environmental
aggression but are also helpful for human health (Llauradd Maury et al., 2020).
Cannabis could be a candidate to play this function since its antioxidant activity was
reported. One of them is the study conducted by Muscara et al (2020) in evaluating
the antioxidant properties and free radical scavenging activity of both standardized
hexane extracts obtained from the new Chinese accession of C. sativa L. The results
indicate that both have strong antioxidant properties and have the ability in DPPH
free radical scavenging. Concerning the extraction method directly affecting the group
of natural products being extracted, there are ways to extract cannabis. The most
common one is using organic solvents. Some organic solvents frequently used to
perform in the cannabis extraction process by using maceration technique and
solvent evaporation are methanol, hexane, ethyl acetate, toluene, trimethylpentane,
ethanol, chloroform, and dichloromethane (Aazza, 2021; Laznik et al., 2020; Webster
Barrie & Sarna, 2002). Nowadays, solvents in the chemical industry are used in
massive quantities. Thus, solvents exemplify the main part of the environmental

performance of a process and impact safety, cost, and health issues.



The innovation of green solvents deliberates the purpose of decreasing the
environmental appulse because of solvent utilization in chemical production
(Capello et al., 2007). The use of supercritical fluid extraction (SFE) and Vegetable oil
as a solvent or co-solvents which are the newest innovative techniques applied in
extracting the various bioactive compound from natural products has been widely
reported (Deka & Swami Hulle, 2021; Japdn-Lujan et al.,, 2008; Ludwig et al., 2021;
Paduano et al,, 2014; Rosas-Quina & Mejia-Nova, 2021; Sun & Temelli, 2006; Tiono et
al., 2021; Yara-Varén et al.,, 2017). Among the green solvents used, today SFE seems
to be the most common extraction method for cannabis (Aiello et al., 2020; Devi &
Khanam, 2019; Grijo et al., 2018; Kornpointner et al., 2021; Rochfort et al., 2020).

Infusion or maceration of the aromatic plant even medicinal plant which
used vegetable oil as a solvent dates back to ancient civilizations has been proved
empirically. Over the years, vegetable oils which been fit for human consumption
were efficaciously enriched or aromatized with bioactive compounds from herbs,
spices, or various plant substances, therefore, they can improve their nutritional
values, organoleptic characteristic, and extend their shelf-existence as properly (Yara-
Varon et al.,, 2017). Virgin coconut oil, olive oil, perilla seed oil, sacha inchi oil,
sesame seed oil, and rice bran oil are well-known as vegetable oil which are
generally used for households due to their components that supported their uses for
cooking oil as well as other benefits for human health such as antioxidant. Several
studies have been evaluated the physicochemical properties of each vegetable oil
(see Appendix page 100).

Interestingly, there is an approved drug product from cannabis in Thailand
namely Deja Formula (Ganja oil) that used Thai local wisdom by heating and frying
the cannabis flower in coconut oil. To date, the Deja formula is officially
manufactured by the Department of Thai Traditional and Alternative Medicine,

Ministry of Public Health, Thailand for several diseases treatment in the hospital.



Notwithstanding the various innovative extraction techniques for C. sativa L. that
have been developed and implemented by previous reports, studies on using
various vegetable oils as a solvent in cannabinoids extraction and its antioxidant
activity are still lacking. Therefore, the present study focused on evaluating the
quality of cannabis extracts concerning the influence of various vegetable oils as
green solvents compared with standard solvents such as supercritical CO, and
different organic solvents simultaneously and its UVA-Photoprotective effect using
human keratinocytes (HaCat) cell lines. In this study, the following objectives have
been put forwards:

1. To evaluate the influence of vegetable oil in cannabinoids extraction

2. To investigate the potential of cannabis vegetable oil extract as a

photoprotector against UVA radiation on human skin keratinocytes



CHAPTER Il
LITERATURE REVIEW

21 Morphological Characteristic of C. sativa L.

Marijuana, or well-known scientifically as C. sativa L. (cannabaceae) being
one of the primeval annual herbs cultured since ancient times, is now widely
distributed throughout the world. This plant has long been used primarily as a source
of food and traditional medicines. Several other benefits such as intoxicating resin
and textile fibers have also been reported (Bonini et al,, 2018; Kriese et al., 2004;
Zuardi, 2006). Cannabis is mostly a dioecious plant. The life cycle of Cannabis is
arduous and perplexing, especially at the early growth stage (juvenile); on the
contrary, misidentification becomes one of the problems arising from the intricacy in
morphological identification between male and female plants. Nevertheless, several
developing molecular techniques have succeeded in finding specific differences amid
male and female plants which can be identified at the early growth stage
(Flachowsky et al.,, 2001; Sakamoto et al., 2005; Sakamoto et al., 1995; Torjék et al,,
2002).

C. sativa is the only genus that is grouped into the cannabaceae. The
problem regarding the number of species grouped into the cannabis genus is still
controversial, which is supported since various studies have proposed it as a
polytypic plant. However, some botanists categorized cannabis as a type of
polymorphic plant and even tend to be classified as a monotypic plant. The
classification of cannabis according to Linnaeus (1753) as a single species whereas
Lamarck (1785) also argues that “Indian Cannabis” is taxonomically different from
European Cannabis. Lamarck also gives the specific name as C. indica (Chandra et al.,
2017). C. sativa L. usually grows to 50-100 cm covered with appressed hairs (stem)

(Bussmann et al., 2019). In general, it is structured of 5-7 leaflets of cannabis leaves



(Figure 1) which are linear-lanceolate, serrated edges, and tapering at two ends. The
male flowers (Figure 2a) are characterized by the absence of petals. It has five
anthers, five yellowish tepals, and axillary or terminal panicles. Sprouts in the axils
and terminated with one single-ovulate closely adherent perianth are characteristic
of female flowers of this plant (Figure 2b). This is emphasized by a single, small,

smooth, light brownish-grey fruit that is abundantly composed on each flower.

Moreover, C. sativa also has trichomes abundantly located in the leaves and
stems of the plant covered by epidermal gland protrusions (Happyana et al., 2013;
Huchelmann et al.,, 2017). Secondary metabolites produced by glandular trichomes
known as phytocannabinoids are used for protecting themselves from herbivores and
interact with other organisms and are characterized by their distinctive aroma in the
presence of terpenoid (Andre et al., 2016). Varieties and climatic conditions have an
impact on plant morphology. This plant grows as a persistent weed in soils with a
higsh amount of nitrogen. Cannabis germinates and the feathers split openly, reveal
roots, and two coiled embryonic cotyledons leave after 8-12 days during the growth
phase of this plant. Moderate levels of environmental and soil moisture and
supported by good light intensity are prerequisites for cannabis growing conditions. In
6-12 weeks, cannabis grows vertically and produces new leaves, mostly in the pre-
flowering stage with new branches and knots. At this stage, cannabis requires slightly

dim lights (Raman & London, 1998).



Figure 2 The flowers of cannabis : (a) Male flower (Dipak Hemraj in leafwell.co); (b)

Female flower (Sornkanok Vimolmangkang Picture)



2.2 Phytochemical Constituents of C. sativa L.
Secondary metabolite constituents abundantly produced by this plant,

cannabis is a complex species chemically based on reported studies. The

concentration of A’-THC in the dried inflorescence (leaves and buds) determines the
psychoactivity of this plant. The phenotypic and phytocannabinoid profiles of
cannabis can be characterized using quantitative and qualitative analysis (Mandolino
et al,, 1999). Over the last few decades, natural compounds isolated and identified
from cannabis have increased. (Turner et al, 1980) has been reported 423
compounds from cannabis and this number upgraded in 1995 to 483 (Ross et al.,
2005). The new seven compounds were updated by ElSohly and Slade (2005)
between 1995 until 2005 (ElSohly & Slade, 2005). Phytochemical constituents data
on 49 cannabinoids currently reported by (ElSohly et al., 2017) are provided in this
section. As well as 26 compounds included in the non-cannabinoids group (Table 1),

565 compounds have been identified.



Table 1. List of cannabinoids and non-cannabinoids (ElSohly et al., 2017)

Chemical Class 2005 2015
A’ -THC type 9 23
A® -THC type 2 5
CBG type 8 16
CBC type 6 9
CBD type 7 7
CBND type 2 2
CBE type 5 5
CBL type 3 3
CBN type 7 11
CBT type 9 9
Miscellaneous types 14 30
Total cannabinoids 72 120
Total non-cannabinoids 419 445
Total 491 565

2.2.1 Phytocannabinoids

Cannabinoids were isolated and diagnosticated from cannabis exhibited a
specific C21 terpene phenolic skeleton. Transformation and derivatives products of
this group were also aforethought as cannabinoids. A total of 120 cannabinoids have

been isolated since the chemical compound of cannabis was first explored (Table 1),
which can be grouped into 11 general types : (-1 -trans-tetrahydrocannabinol A\ -
THC) (Figure 3a), which was first reported by Gaoni and Mechoulam (1964), ()-8 -

trans-tetrahydrocannabinol (AA® -THC) (Figure 3b) (Hanus & Krejci, 1975), cannabigerol

(CBG) (Figure 3c) (Gaoni & Mechoulam, 1964; Hanus & Krejci, 1975). Cannabichromene
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(CBQ) (Figure 3d) has been isolated by the research group (Claussen et al., 1966;
Gaoni & Mechoulam, 1964), cannabidiol (CBD) (Figure 3e) was first isolated by (Adams
& Hunt, 1940), cannabinodiol (CBND) is one of the compounds from Cannabinodiol-
type (Figure 3f) that have been characterized in C. sativa It has been reported from
(ElSohly & Slade, 2005; Turner et al,, 1980), cannabielsoin (CBE) has been isolated
(Figure 3g) by (Shani & Mechoulam, 1974), cannabicyclol (CBL) was reported (Figure
3h) by (Korte & Sieper, 1964), cannabinol (CBN) was reported for the first time (Figure
3i) by (ElSohly & Slade, 2005). Originally, cannabitriol (CBT) has been reported in 1966
(Figure 3j), but its chemical structure of this compound was elucidated by (Chan et

al., 1975), and miscellaneous types (Figure 3Kk).
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Figure 3 Chemical structure of some cannabinoids : (a) A’ -THC; (b) A® -THC; (c) CBG;
(d) CBC; (e) CBD; (f) CBND; (g) CBE; (h) CBL; (i) CBN; (j) CBT; (k) CBX.

2.2.2 Non-phytocannabinoids
Additionally, various constituents were grouped into various chemical classes
that have precedently been explored from cannabis. A total of 419 non-

phytocannabinoid constituents, 26 non-cannabinoids were isolated separately from
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419 that had been known since 2005. Cannabisin A (Figure 4a) is one of the non-
cannabinoids constituents that has been isolated from the fruits of cannabis by (Qian
et al,, 2009). (Yan et al., 2015) reported Cannabisin M (Figure 4b) and Cannnabisin N

(Figure 4c) were isolated from the seed of cannabis.
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Figure 4 Chemical structure of some non-cannabinoids: (a) Cannabisin A; (b)

Cannabisin M; (c) Cannabisin N.

2.3 Biological Activities & Clinical Studies of C. sativa L.

For centuries, cannabis and its derivatives have been used for recreational
and medical purposes with  millions of common wusers worldwide.
Ethnopharmacologically, the use of cannabis as traditional medicine has existed
since 5000 years ago recorded in Chinese at the time of Cheng Nan Emperor
(Friedman & Sirven, 2017; Russo, 2017). Cannabis as an antibacterial has been
reported where ether and acetone extract from cannabis leaf have antibacterial
activity against dental microflora (Karas et al,, 2020; Raina et al., 2020). Latterly,
(Kosgodage et al, 2019) demonstrated CBD as a novel modulator of bacterial

membrane vesicles. This study showed a synergistic interaction against S. aureus.

(Rodriguez-Martin et al.,, 2020) have proven in research that protein
hydrolysates of C. sativa can promote an anti-inflammatory response in primary
human monocytes. The study demonstrated that the pro-inflammatory mediators

(TNF-QL, |L—1B, and IL-6) and anti-inflammatory mediators (IL-10 and IL-4) are
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controlled by HPP by reducting pro-inflammatory mediators (TNF-QL, IL—1B, and IL-6)
and escalating anti-inflammatory mediators (IL-10 and IL-4). HPPs were also degrading
M1 polarization marker gene expression (CCR7 and iNOS) and upregulating the M2
polarization marker gene expression (CD200R and MRC1). Eventually, the mRNA

expression of chemotaxis genes (CCR2 and CCL2) was downturned by HPPs.

Hydroxycinnamic acid derivatives and cannabinoids isolated from seed, flour,
and oil of cannabis (fedora hemp cultivar) have antioxidant activity and investigated
the total phenolic content. This study was conducted by (Moccia et al., 2020) which
found that seed and flour extract from cannabis did not interrupt the growth of
Caco-2 and HT-29 cells. Whereas, cell viability decreased significantly after 24 h of
treatment on the cell with oil extract-treated. Activation of apoptotic cell death was
associated. However, it is not related to the antioxidant capacity contained in oil
extract. This plant has also reported protecting LDL from Cu**-mediated oxidation.
The cannabis sample which used in this study is fresh samples of female
inflorescences from three stable C. sativa phenotypes (Musetti et al., 2020). The
result of other studies also indicated that the essential oil obtained from two non-
psychotropic of cannabis had anti-acetylcholinesterase and neuroactive effects. This
is attributed to the antioxidant properties of the hydroxylated compounds and
significant anti-acetylcholinesterase activities of both samples. Furthermore, it can be
concluded that the fibrante type showed the best activity which was indicated by
the inhibitory activity which showed a concentration-dependent inhibition of the
human and mouse neuronal network's spontaneous electrical activity (Smeriglio et
al., 2020). (Rozanc et al., 2021) also reported that cannabis extract can decrease the
cell viability of colon cancer cells. CBD and THC which are known as major
cannabinoids in C. sativa also reported with dose-dependent manner can inhibit the
proliferation and viability cell of glioblastoma multiform cancer cells with ICsq value
range 1 to 8.5 uM and also can inhibit motility and colony formation of this cancer

cell (Deng et al., 2017; Peeri et al., 2021). (Nguyen et al., 2021) reported in their study
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that cannabidiol from C. sativa can block SARS-CoV-2 replication in lung epithelial

cells potently.

A growing number of clinical studies indicated that cannabis or a single
cannabinoid might have medicinal value for certain diseases and under certain
conditions is growing. Clinical studies of cannabis on chronic pain, multiple sclerosis,
irritable bowel syndrome, Crohn's disease, pulmonary disease, and Parkinson's
disease have been conducted. (Chagas et al., 2014) completed their clinical study
regarding the ability of CBD to treat Parkinson's disease in 21 patients with idiopathic
PD. Statistically significant differences in UPDRS scores, plasma BDNF levels, or H1-
MRS measurements were not found. However, the mean scores obtained for the
placebo-treated and CBD groups of 300 mg/day in the placebo-treated groups
differed significantly from those of PDQ-39 (p=0.05). Briefly, improvements in well-
being are significant with no effects on motor functioning or neuroprotection. Naftali
and her research team (2013) have also tested the effects of cannabis administration
in 21 patients with Crohn's disease. Albeit the final point of their study (induction of
remission) was not achieved. However, administration of cannabis with THC-rich
within 8 weeks provided significant clinical, steroid-free benefits for 10 of 11 patients
with active Crohn's disease placebo as a comparison, without side effects (Naftali et
al,, 2013). A pilot study of the efficacy and safety of cannabinoids in cases of the
pulmonary disease have conducted by (Pickering et al,, 2011). The result showed
that there was no significant decrease in breathlessness but symptoms such as

unpleasantness decreased.

Various studies have been conducted on the evidence of cannabinoids in
reducing chronic pain, one of which is (Ware et al,, 2010). The study showed a
significant reduction in pain, improved sleep quality, and also a reduction in anxiety
in 21 patients with neuropathic pain. (Wong et al,, 2012) also tested the effects of
cannabinoids on 75 patients with IBS. The study was conducted by giving one oral

THC at a dose of 2.5 mg and 5 mg. The results obtained show that there is a
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reduction in fasting colonic motility in the subgroup of patients. (Zajicek et al., 2012)
in their study completed oral administration of cannabis extract in 279 patients with
stable muscle stiffness in 12 weeks of treatment with a maximum daily dose of 25
mg THC. The results showed a significant reduction in muscle stiffness. Significant
results were also reported in a study of anxiety in 24 patients with SAD by
(Bergamaschi et al.,, 2011) . A single administration of 600 mg of CBD orally with
anxiety associated with public speaking in treatment as an indication succeeded in
reducing the level of anxiety. Promising results were also confirmed by (Crippa et al,,
2011) in 10 patients with SAD. CBD administration at a dose of 600 mg with social
indications of rCBF anxiety can reduce the anxiety associated with altered activity in

limbic and paralimbic brain areas.

Other clinical studies in the use of CBD-based products (Epidiolex®) have
been conducted by (Szaflarski et al.,, 2018) on 132 patients (60 adults; 72 children)
with Epilepsy. The result exhibited significant improvements in Chalfont Seizure
Severity Scale (CSSS), (Adverse Events Profile (AEP), and Seizure Frequency (SF) after
Epidiolex® administration (5-50 mg/kg/day for 12 weeks which maintained until 48
weeks. The efficacy of CBD for epilepsy treatment was also proved by Kaplan et al
(2017). Their study found about 50% reduction in seizures, improve quality of life
after administration of CBD (5-25 mg/kg/day) for 14 weeks which was maintained until
63-80 weeks (Kaplan et al, 2017). Positive results have also been successfully
applied to patients with childhood-onset refractory epilepsy. Of 66 patients, 48.5%
improvement in seizure burden (around more than 50%), 21.2% (seizure-free) with
none to mild side-effect (Neubauer et al,, 2018). (Good et al., 2019) have reported
the reduction of symptoms in patients with advanced cancer after oral administration

of CBD (100 meg/mL; dose 50-600 mg/day).



15

2.4 Extraction Method of C. sativa L.

The use of cannabis by humans as herbal medicines dates back to ancient
times. Cannabinoids are the most sought-after target compounds because its
pharmacological effects which can be used to cure various diseases. More than 100
cannabinoids have been isolated to date resulting in high chemical complexity.
Generally, cannabinoids are produced in almost all of the main organs of cannabis
such as flowers, leaves, and stems which grow in an acidic form known as THCA,
CBGA, and CBDA. However, there are not many studies that intensively prove the
pharmacological effects of cannabinoids acid lately. Cannabinoids acid is considered
an inactive compound that will be activated by the decarboxylation process (Hartsel
et al,, 2016; Moreno et al.,, 2020; Wang et al.,, 2016). Decarboxylation is a natural
process that occurs continuously. In general, this process is slow but exposure to
heat, light, and oxygen can speed up the process (Veress et al., 1990). Several studies

recarding the cannabis extraction method have been reported.

Recently, ethanol is one of the organic solvents most often used in the
extraction method. Hong et al (2015) reported in their study the use of ethanol as a
solvent in the cannabis extraction process (Hong et al., 2015). The use of ethanol was
also reported by Yoon et al (2018) in cannabis extraction (Yoon et al,, 2018). The
supercritical fluid extraction method has also become a popular method since it was
developed decades ago in plant extraction, cannabis specifically. This method was
developed with the principle of heating above the critical temperature and pressure
of the solvent used. The specificity of the technique depends largely on the
physicochemical properties of the main solvent used (Attard & Hunt, 2018; Baldino et
al, 2020; Chemat et al., 2020). CO, is the most solvent used in this method.
However, the use of CO, is considered to produce greenhouse gases as a byproduct
when used on a large scale even though it is non-toxic and non-flammable (Radoiu
et al,, 2020). Aiello et al (2020) are among those who have used the supercritical CO,

method in extracting cannabis (Aiello et al., 2020).
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The extraction of cannabis using liquefied gases such as n-propane and n-
butane which are both good solvents for low polarity cannabinoids is a fairly popular
method in cannabinoid extraction. This method is well-known as the hydrocarbon
extraction method. The gases used in this method will remain in the liquid phase at
low pressure (2-10 bar) therefore can minimize solvent residues. Gallo-Mollina et al
(2019) extracted THC from cannabis using this method (Gallo-Molina et al., 2019).
Unlike, the Microwave-assisted Extraction (MAE) method, this method uses
volumetric heating as opposed to transferring heat from the surface to the inside.
Therefore, the extraction process is more efficient because the temperature and
contact time can be completely controlled (Veggi et al., 2013). Fiorini et al (2020)
reported the use of the Microwave-assisted Extraction method in extracting CBD-
enriched cannabis essential oil (Fiorini et al., 2020). Apart from cannabinoids, the
phenolic compound has been extracted from cannabis by using this method (Matesic¢

et al., 2020).

2.5 Vegetable Oils

2.5.1 The major components of vegetable oil

In general, vegetable oil is obtained from plant seeds or fruits simply by
pressing and/or extracting by using solvents. Triglycerides (Figure 5) are not the only
component in Vegetable oils. Chemically, Vegetable oil is structured with three fatty
acid molecules esterified to one glycerol molecule which makes up about 95-98% of
Vegetable oil. The classification, positions, and proportions of fatty acids on the
glycerol backbone specify the characteristic of triglycerides. Varieties, cultivation,
agronomic, and climate condition are the main factors affecting the fatty acid
composition of triglycerides in Vegetable oil. Vegetable oil’s bio-syntheses pathways
cause the even-numbered carbon atoms to monopolize the fatty acid chains’ length.
The variation in chemical and physical properties is the effect of the saturation

degree of fatty acids in Vegetable oil which may have different configurations.
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Generally, the saturation degree can be grouped into saturated, mono-unsaturated,
and poly-unsaturated fatty acids, which may have different configurations, resulting in

various physical and chemical properties (Yara-Varon et al., 2017).
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Figure 5 The major components of vegetable oil

2.5.2 The minor components of vegetable oil

Due to its biological properties and nutritional value, which are very attractive
to the pharmaceutical and nutraceutical industries, the composition presentation of
minor components, which is only less than 5%, cannot be ignored, particularly in
virgin oil (Purcaro et al,, 2016). The minor components can be parted into two
groups: glycerolipids such as monoglycerides and diglycerides, phospholipids, and
non-glycerolipids such as sterols, tocopherols/tocotrienols, pigments, free fatty acids,
vitamins, phenolic compounds, proteins, water, etc. (Figure 6) (Aluyor et al., 2009;
Chen et al, 2011). Commonly during the refining process, some unwanted
components are customarily removed by food manufactures. However, the refining
process will not run efficiently and selectively which results in colloids formed from
remaining unwanted minor components in Vegetable oil (Kittipongpittaya et al,,

2014).
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Figure 6 The minor components of vegetable oil (Yara-Varon et al., 2017)

2.5.3 Virgin Coconut Oil (VCO)

Virgin Coconut Oil (VCO) is an edible oil obtained from the extraction of fresh
coconut kernel without chemical treatment such as refining, bleaching, or
deodorizing which in other words is wet processing via coconut milk (Rohman et al,,
2021). Physically, VCO almost looks colorless (clear) with a sour smell slightly and
has sweet and salty tastes (Villarino et al.,, 2007). Chemically, lauric acid (C12:0)
(Figure 7) is a fatty acid that dominates in Virgin Coconut Oil composition (Gaston et
al,, 2021). Refers to literature, VCO showed some benefits for human health due to
its pharmacological effect such as antibacterial, antiviral, antifungal, antiparasitic,
cardioprotective, hepatoprotective, antidiabetic, hypolipidemic, anti-inflammatory,
and also antioxidant (Akula et al., 2021; Illam et al., 2021; Iranloye et al., 2013; Janu

et al., 2014; Lokesha, 2021; Lopez et al., 2021; Salian & Shetty, 2018).

O
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Figure 7. Lauric acid (C:12)

2.5.4 Olive Oil (O0)

Olive oil is an oil derived from the extraction of olive (Olea europaea) which
has long been known in the Mediterranean diet as a source of lipids. Olive oil is also
grouped into some types due to the extraction method and the quality for
commercial consumption including extra virgin olive oil (EVOO), virgin olive oil (VOO),
olive oil (O0), and olive pomace oil (OPO). The chemical component of olive oil is
dominated by MUFA which is Oleic acid (C18:1) (Figure 8) 60-80% which depends on
a variety of Olea europaea (Jimenez-lopez et al., 2020). Several studies confirmed
that olive oil consumption results in benefits whether for human health or disease
prevention such as antioxidants (Bartolomei et al, 2021; Kouka et al, 2017),
anticancer (Buckland et al,, 2012; Owen et al.,, 2004; Psaltopoulou et al,, 2011),
antibacterial (Karygianni et al., 2019; Nazzaro et al.,, 2019), and antidiabetic (Jurado-
Ruiz et al., 2019; Yubero-Serrano et al,, 2019). The sensory profile of olive oil is also
affected by the variety of olive, climatic, and extraction methods where the sensory

profile has a direct impact on economic value (Silva & Schmiele, 2021).

Figure 8. Oleic acid (C18:1)
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2.5.5 Sacha Inchi QOil (SIO)

Sacha Inchi Oil (SIO) is an oilseed that was extracted from the seed of sacha
inchi or well-known scientifically as Plukenetia volubilis that cropped in the Amazon
basin (Kodahl & Sgrensen, 2021). Like other vegetable oil, the fatty acid still
dominates the chemical composition which Q-linolenic acid (C18:3) (Figure 9)
dominates up to 50% of the fatty acid of sacha inchi oil (Keawkim et al., 2021).
Suwanangul et al, 2021 reported that protein hydrolysates and its fractioned
peptides can inhibit several digestive enzymes such as A-amylase, A-glucosidase,
pancreatic lipase activity (Suwanangul et al., 2021). The antibacterial properties of SIO
were also proven by (Gonzalez-Aspajo et al., 2015). A study from Rincon-Cervera et al
(2016) exhibits that Q-linolenic acid which found a high amount in SIO has
contributed to the antioxidant activity of SIO (Rincon-Cervera et al., 2016). Lipid
profile in hypercholesterolemic patients after SIO intake was evaluated which the
result showed a decrease in Total Cholesterol (TC), Non-Esterified Fatty Acids (NEFA),
LDL, and enhancement of insulin level and HDL (Garmendia et al., 2014; Gonzales &

Gonzales, 2014).

CHs

Figure 9. Q-linolenic acid (C18:3)
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2.5.6 Perilla Seed Oil (PSO)

Perilla seed oil (PSO) is an oilseed obtained from Perilla frutescens seed
which contains five major fatty acids such as palmitic acid, stearic acid, oleic acid,
linoleic acid, and Q-linolenic acid. Q-linolenic acid (Figure 9) is a fatty acid that
dominates 54.3-70.4% of the overall fatty acid composition of PSO (Park et al., 2021).
The odor of PIO is an aromatic special, therefore that is not suitable for the
preference of some consumers (H. Wang et al.,, 2021). Apart from being a good
source of PUFA, PSO also has various benefits for human health which are proven by
several studies due to its pharmacological activities such as anti-tussive (Zhang et al,,
2021), anti-inflammatory (Kangwan et al., 2021), antioxidant (Hashimoto et al., 2021),
antidepressant-like effect (Ji et al.,, 2014), and antibacterial (Li et al.,, 2018; H. Wang et
al., 2021).

2.5.7 Sesame Seed Oil (SSO)

Sesame (Sesamum indlicum) is known as a queen of oilseeds and as one of
the oldest crops which is partly used for oil production (Islam et al., 2016; Moazzami
& Kamal-Eldin, 2009). Linoleic acid (C18:2) (Figure 10) and oleic acid (C18:1) (Figure 8)
are the major fatty acids composed in sesame seed oil which cover up to 60% with
almost equal levels (Wacal et al,, 2019). Several studies have been showing the
pharmacological effect of sesame oil. (Alshahrani et al., 2020) exhibit antibacterial
properties against some pathogenic bacterias. Other benefits of sesame oil also
proved such as anti-inflammatory (Deme et al,, 2018), anticancer (Majdalawieh &

Mansour, 2019), and antioxidant (Mekky et al., 2019).
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Figure 10. Linoleic acid (C18:2)

2.5.8 Rice Bran Oil (RBO)

Rice (Oryza sativa) processing with various processes will produce by-
products in various forms of broken rice, germs, husks, and the most interesting is the
bran which although usually discarded or used as animal feed and only 9% of the
total weight of rice but the nutritional contribution of whole rice grain can reach
65%. To date, the most commonly used rice bran is an oil source that contains 18-
22% of oil and various bioactive constituents as well (Ardiansyah et al., 2006;
Khatoon & Gopalakrishna, 2004; Rohman, 2014; Saikia & Deka, 2011). The fatty acids
component in RBO is composed of unsaturated fatty acids where MUFA represented
oleic acid (C18:1) (Figure 8) and PUFA represented by linoleic acid (C18:2) (Figure 10)
almost has a percentage in fatty acid composition of RBO equally 35-40% (Lai et al.,
2019). Various chemical components contained in RBO greatly affect the
pharmacological effects caused. The hepatoprotective effect of RBO has been
reported by (Phannasorn et al,, 2021). Improvement on hyperglycemia control and
lipid profile in patients with diabetes mellitus type 2 after RBO blended with sesame

oil (80:20) intake was also reported (Devarajan et al., 2016).

2.5.9 Vegetable Oils as an Alternative Solvent
Nowadays, there have been many reports regarding the use of vegetable oils

as an alternative solvent. In 2001, Damechki et al have successfully tried using
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rosemary and oregano gourmet oil in their research. The result showed that there
has been a 1.7 and 3.5 times increase in total phenol content in the rosemary and
oregano gourmet oils sample (5 wt %, 24, 48, 72 h agitation, dark) which have
superior oxidative stability and consumer acceptability to the origin oil (Damechki et
al.,, 2001). Garcia-Martinez et al (2014) also succeeded in evaluating the effect of olive
variety and elevation of orchards on the content of phenolic compound Sicilian
virgin olive oils (VOOs). The effect of the phenolic extract on osteoblast cell growth
using the human MG-63 osteosarcoma cell line was also being part of this study. The
result showed that there were variations in the phenolic content produced by olive
oil according to the type of cultivar and grove altitude as well as an effect on human
osteosarcoma cell proliferation (Garcia-Martinez et al., 2014). (Romeu et al., 2016)
also evaluated the protective effect against oxidative DNA damage and antioxidant
endogenous enzymatic system (AEES) of virgin olive oil (VOO) enriched with phenolic
compounds and/or thyme phenolic compounds. This experiment was applied to 33
hyperlipidemic subjects after the consumption of VOO, VOO enriched with PC
(FVOO0), or VOO complemented with thyme PC (FVOQOT). The protective effect test in
this study showed that FVOOT gave a significant effect in protecting from oxidative
DNA damage and also improving the AEES. Continued consumption of FVOOT
enhances the protective effect of DNA against oxidation and AEES. Greater
bioavailability of thyme phenolic compound in hyperlipidemic subjects possibly
increases the protective effect. The use of vegetable oil as a solvent in cannabis
extraction has been carried out by (Hazekamp & Romano, 2013) using olive oil by
heating the sample during extraction with varying concentrations and temperatures
of olive oil. The result of this study proves that the use of olive oil provided good
performance in extracting several cannabinoids, especially THC and CBD (Casiraghi et

al.,, 2018).
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2.6 Human Skin

Skin is the largest and main protector of all the vital organs inside the human
body. The skin covers its entire external surface and serves as a first-order physical
barrier against interference from outside. The skin has other functions such as
temperature regulation and as a protector from ultraviolet, protection from
pathogens, trauma, toxins, and microorganisms. Immunological superintendence,
control of unconsciously fluid loss, and homeostasis generally are acted on by the
skin. Adaptations to the thickness and special functions of human skin are likely to
occur in various sites of the body (Maranduca et al., 2019; Someya & Amagai, 2019).
Human skin dynamically regenerates itself by prepossessing outside-in-body in the
human body (Baroni et al., 2012). Keratinocytes embody 95% of the epidermal cells.
Functionally and structurally, keratinocytes are not only protecting the epidermis but
preserving the inflammatory and immunological response of the skin, and wound-
healing is also played by keratinocytes (Hanel et al,, 2013). Under homeostatic
conditions, keratinocytes differentiate and mature from proliferating nucleated basal
cells to the profoundly differentiated (corneocytes). Expressed structural proteins

such as keratin and lipids indicate each phase of differentiation (Proksch et al., 2008).

2.7 Biological Effect of Ultraviolet (UV) Radiation on Human Skin

Cosmic radiation, gamma rays, x-rays, infrared radiation, and ultraviolet
radiation are the amounts of energy emitted by the sun. The atmosphere that
surrounds our earth will reflect all the high-energy cosmic, gamma, and X radiation.
The stratospheric layer absorbs most of the ultraviolet radiation efficiently.
Ultraviolet C (200-280 nm) does not reach the earth because it has been engrossed
by the ozone layer but ultraviolet C cause skin-burning and skin cancer in humans as
well as ultraviolet B (290-320 nm) is also absorbed by the ozone layer and only
spreads the earth’s surface about 0.1% in the summer (noon-time). Ultraviolet B is

also absorbed by the epidermis on human skin. Excessive ultraviolet B radiation also
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causes tanning, sunburn, photoaging, and wrinkles. The carcinogenic properties effect
of ultraviolet B radiation is a thousand times more than ultraviolet A radiation. About
90-99% of ultraviolet A radiation (321-400 nm) reaches the earth’s surface. The risk of
overexposure has been considered harmful. Overexposure can promote
pigmentation and skin aging (Holick, 2016; Narayanan et al, 2010). Ultraviolet
exposure into the skin triggers photochemical reactions which lead to acute
conditions such as photoaging, the main factor of changes in the appearance of the
skin, and skin cancers such as cutaneous malignant melanoma, basal cell carcinoma,

and squamous cell carcinoma (Biniek et al., 2012).

2.8 UVA-Photoprotection

Overexposure to ultraviolet radiation from the sun significantly increases skin
cancer and skin aging risk on our body. For a long time, understanding of the
mechanism of ultraviolet A in damaging the skin has been advancing. This perception
is proofed by the development of sunscreen formulation with skin protection
capabilities that extend to ultraviolet A wavelength. The amalgamation of the
previous perspective combined with the consciousness that ultraviolet A promotes
free radicals has focused new research on the risk of free radicals to skin health
(Chen et al,, 2012). At the cellular level, Reactive Oxygen Species induces fatty acid
peroxidation to the plasma membrane. The peroxidation radicals and fatty
hydroperoxides further amplify the oxidative damage. Therefore, antioxidants are the
most crucial key in reducing ultraviolet radiation's damaging effects (Amaro-Ortiz et
al,, 2014). Neutralization of radicals that come from exogenous and endogenous
sources can be carried out by our body because it has a built-in antioxidant defense
system. However, in an imbalance condition, this antioxidant can be depleted even
though our body has an innate antioxidant defense system to neutralize radicals
initiated from both the exogenous and endogenous sources, this antioxidant reservoir

can be depleted speedily. Henceforward, topical antioxidant supplementation is
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urgently needed at least in the literature, promising to provide extra benefits to the
skin, outstandingly under oxidative stress as a result of overexposure ultraviolet A

radiation (Chen et al., 2012).
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CHAPTER IlI
RESEARCH METHODOLOGY

3.1 Material

3.1.1 Plant Materials

The plant material used for the experiment on solvent effect on
cannabinoids profile and UVA-Photoprotection is C. sativa L. (adulterated-cannabis
flower) were provided by the Office of the Narcotics Control Boarding (ONCB)
Thailand and it was grounded into powder and decarboxylated by heating the
material at 110°C for 60 minutes in a hot-air oven. While plant material used for an
experiment on the decarboxylation effect on the cannabinoid profile is a female

flower of C. sativa CBD Charlotte’s Angel strain.

3.1.2 Chemicals

Vegetable oils used in this study as a solvent including Virgin Coconut Oil
(PLEARN®, Thailand), Sacha Inchi Oil (BioTrade Thai, Thailand), Perilla Seed Oil,
Sesame Oil, Olive Oil Roasting & Frying Grade (BERTOLLI®, SPAIN), Olive Oil High-heat
Cooking Grade (BERTOLLI®, SPAIN), and Ricebran Oil. Organic solvents used for
extraction were ethanol, light petroleum ether (BP 40-60°C), heavy petroleum ether
(BP 60-80°C), and hexane from SIGMA-Aldrich®, USA. Other chemicals also used in this
study are methanol, chloroform, vanillin, sulfuric acid, DPPH (2,2-diphenyl-1-
picrylhydrazyl) from SIGMA-Aldrich®, USA. Cannabidiol-Rich Cannabis Extract (CRCE)
was the CBD Distillate — Broad spectrum 0% THC from CBD Capital Ltd., Surrey, UK
(Cat No. CBD102). Cannabinoid reference standards were CBDA, CBG, THCA, THC
(Cayman Chemical Co, USA), CBN, and CBD (THC Pharm GmbH, Germany). Human
skin keratinocytes (HaCat cell lines) for photoprotective assay were obtained from

Elabscience (Houston, TX, USA).
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3.2 Methods
3.2.1 Plant Extraction

3.2.1.1 C. sativa L. strain CBD-Charlotte’s Angel Female Flower

Before the extraction process, the dried powder of cannabis flower was
divided into two groups: i) decarboxylated group (H) by heating the sample at 110°C
for 60 min and ii) non-heated sample group (NH). Both groups will be extracted using
two sets of solvents where ethanol and hexane represent organic solvent while
vegetable oils are represented by virgin coconut oil (VCO) and olive oil. Five grams of
cannabis flower powder were extracted using the Ultrasound-assisted extraction
method with 3 repetitions at 50°C where the duration of each repetition was 30
minutes respectively. Thereafter, each organic solvents extract that has been
collected from 3 repetitions was combined and then filtered using Whatman No. 1
filter paper and evaporated using a rotary evaporator (BUCHI Labortechnik AG, Flawil,
Switzerland) to get a crude extract. While each vegetable oil extract that has been
collected from 3 repetitions was combined and filtered firstly using cotton. After
that, all prepared vegetable oils extract were stored at room temperature for the

experiment.

3.2.1.2 C. sativa obtained from ONCB Thailand

Five grams of cannabis powder which has been pre-heated at 110°C for 60
minutes extracted using various organic solvents including ethanol, hexane, light
petroleum, heavy petroleum, and various vegetable oils including olive oils, virgin
coconut oil (VCO), perilla oil, sacha oil, sesame oil, and rice bran oil with a ratio of
cannabis powder to solvent (1:10 w/v). Afterward, all the samples will be soaked in
organic solvents and vegetable oils respectively for 24 hours. Thereafter, organic
solvents extract that has been collected filtered using Whatman No. 1 filter paper
and evaporated using a rotary evaporator (BUCHI Labortechnik AG, Flawil,

Switzerland) to get a crude extract. While vegetable oils extract that has been
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collected filtered firstly using cotton and stored at room temperature for the next

experiment.

In addition, supercritical CO, extract and winterized supercritical CO, extract
which are included in this study were extracted by using the Supercritical Fluid
Extraction (SFE) method. Sixty grams of dried cannabis powder were added to the
extraction vessel. This extraction process lasts for 4 hours at 55°C and 225 bar. The
extract was obtained directly from the vessel extractor is supercritical CO, extract
(wax extract). A further process was carried out to obtain winterized supercritical CO,
extract (non-wax extract) by mixing an aliquot supercritical CO, extract with ethanol
(1:10 w/v) then incubated at -20°C overnight. Thereafter, the extract that has been
incubated overnight was filtered and then evaporated until getting a winterized

supercritical CO, extract. The sample details process is summarized in Table 2.

3.2.2 Sample Preparation
3.2.2.1 HPTLC Chemical Profiling

For crude extract preparation, one millisram of cannabis extracts was
dissolved in 1 mL of the solvent mixture, methanol : chloroform (9:1, v/v) to get the
concentration of 1 mg/mL of sample for analysis. Afterward, the sample was
sonicated for 15 minutes then filtered by using a 0.2-micron PTFE filter. Crude extract
of supercritical CO, and winterized supercritical CO, was melted firstly at 80 and an
aliquot of the melted extract was then dissolved in the solvent mixture (methanol
9:1 chloroform) to obtain a solution concentration of 100 mg/mL. The sample
solution was sonicated for 30 minutes and then filtered using 0.2-micron PTFE filter
paper. The filtered sample was then adjusted for HPTLC analysis which is 1 mg/mL.
For oil sample preparation, a 200 pL of oil sample mixed with 800 pL of the solvent
mixture (methanol 9:1 chloroform) to get 20 mg/mL sample solution and then the

mixture will be sonicated for 15 minutes and followed by centrifugation at 3500 rpm
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for 5 minutes. The separated supernatant was collected and then filtered using a 0.2-
micron PTFE filter paper. The filtrate obtained from the filtering process is stored at

room temperature until it will be used for experiments.

Table 2. Summary of C. sativa L. extraction

oils for 24 hours

Sample Set Sample Code Solvent used
Soaking cannabis powder in | NH-EtOH Ethanol
various organic solvents and NH-Hex Hexane
vegetable oils for 24 hours
NH-Olive RF- Olive Oil
without decarboxylation process
NH-Coco Virgin Coconut Oil
(Non-heated)
Heating at 110°C the cannabis | H110-EtOH Ethanol
powder for 60 minutes before | H110-Hex Hexane
the extraction process then | {110-Lpet Light Petroleum
followed by  soaking /the H110-HPet Heavy Petroleum
cannabis powder in various H110-RFOlive RE- Olive Oil
organic solvents and vegetable . _ _
H110-HHOlive HH- Olive Oil

H110-Coco

Virgin Coconut Oil

H110-Perilla

Perilla Seed Oil

H110-Sacha

Sacha Inchi Oil

H110-Sesame

Sesame Seed Oil

H110-Ricebran

Rice Bran Oil

H110-5cCO2

SFE - CO,

H110-ScCO2 (W)

SFE - CO, after Winterization
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3.2.2.2 HPLC Analysis

3.2.2.2.1 Cannabinoids Quantification

For crude extract preparation, one milligram of cannabis extracts was
dissolved in 1 mL of the solvent mixture, methanol : chloroform (9:1,v/v) to get the
concentration of 1 mg/mL of sample for analysis. Afterward, the sample was
sonicated for 15 minutes then filtered by using a 0.2-micron PTFE filter. Crude extract
of supercritical CO, and winterized supercritical CO, was melted firstly at 80 and an
aliquot of the melted extract was then dissolved in the solvent mixture to obtain a
solution concentration of 100 mg/mL. The sample solution was sonicated for 30
minutes and then filtered using 0.2-micron PTFE filter paper. The filtered sample was
then adjusted for HPTLC analysis which is 1 mg/mL. For oil sample preparation, a 100
uL of oil sample mixed with 900 uL of the solvent mixture (methanol 9:1 chloroform)
to get 20 mg/mL sample solution and then the mixture will be sonicated for 15
minutes and followed by centrifugation at 3500 rpm for 5 minutes. The separated
supernatant was collected and then filtered using a 0.2-micron PTFE filter paper. The
filtrate obtained from the filtering process is stored at room temperature until it will

be used for experiments.

3.2.2.2.2 UVA-Photoprotection Assay

All sample used in this experiment has been re-analyzed for the content of
THC that was used as standard using HPLC which has the same step for sample
preparation before being used for UVA-Photoprotection assay. All the sample was re-
prepared for cell assay dissolved in DMSO. A total of 0.0097 grams of ethanol crude
extract was dissolved in 970 pL of DMSO. While 100 pL of supercritical CO, and
winterized supercritical CO, extract was also dissolved in 900 pL of DMSO. Lastly, 100
uL of the VCO sample was dissolved in 900 pyL DMSO.
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3.2.3 Chemical Profiling

Chemical profiling of all samples using High-Performance Thin Layer
Chromatography (HPTLC). All the chemicals used in this experiment are analytical
grade. The HPTLC plate used is the HPTLC glass plate Si60F,s, (10x20) (Merck,
Germany) from 0.2 mm thickness is used as the stationary phase. The mobile phases
used in the development of plates to separate compounds contained in all extracts

are heptane, diethyl ether, and formic acid with a ratio 90:20:0.3 (v/v/v).

Five L each sample extract and 4 pL of cannabinoids standard applied to a
10 x 20 cm glass plate as a band. The application of the sample on the plate was
assisted by the Linomat 5 CAMAG sample applicator with a width of 10 mm each.
The plate was developed using the CAMAG Automatic Developing Chamber (ADC).
Each plate developed up to 80mm, dry air, and then the plates were placed in the
photo room documentation CAMAG Visualizer which captured all the images under
white light, UV light at UV,sq, and UVig. The image scanning and analysis are
operated by WINCATS software. Hereinafter, the plates were derivatized using the 1%
vanillin reagent followed by heating at a temperature of 105°C on a hot plate until

colored bands appear.

3.2.4 HPLC Analysis

3.2.4.1 Cannabidiol Quantification of C. sativa CBD-Charlotte Angel’s Extract

The quantification of cannabidiol (CBD) was carried out using HPLC with a
slightly modified method previously used by Citti et al (2018). All the extracts were
analyzed with the Agilent 1260 Infinity II HPLC system (Agilent Technologies, USA),
including a flexible pump, vial sampler, thermostat column compartment, and a
diode array detector (DAD) WR. EC-C 18 column guard (3.0 x 5 mm, 2.7 um,
InfinityLab Poroshell 110, Agilent) and reverse phase EC-C 18 column (3.0 x 150 mm,

2.7 pm, InfinityLab Poroshell 110, Agilent). The column temperature is 35 °C. This
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method uses a gradient elution consisting of 0.1% formic acid in water (A) and
acetonitrile (B). Flow rate 0.5 mL/min for 25 minutes. The gradient conditions are
carried out as follows; 0-15.0 minutes; 70-80% B, 15.0-15.1 min; 80-95% B, 15.1-18.0
min; 95% B, 18.0-18.1 min; 95-70% B, 18.1- 25.0 min; 70% B. The injection volume
used is 5 pL (Citti et al., 2018).

3.2.4.2 Cannabinoids Quantification of C. sativa extract obtained from ONCB

Thailand

The quantification of A’ — Tetrahydrocannabinol (THC) and cannabidiol (CBD)
were carried out using HPLC with a slightly modified method previously used by Citti
et al (2018). All the extracts were analyzed with the Agilent 1260 Infinity Il HPLC
system (Agilent Technologies, USA), including a flexible pump, vial sampler,
thermostat column compartment, and a diode array detector (DAD) WR. EC-C 18
column guard (3.0 x 5 mm, 2.7 um, InfinityLab Poroshell 110, Agilent) and reverse
phase EC-C 18 column (3.0 x 150 mm, 2.7 um, InfinityLab Poroshell 110, Agilent). The
column temperature is 35 °C. This method uses a gradient elution consisting of 0.1%
formic acid in water (A) and acetonitrile (B). Flow rate 0.5 mL/min for 25 minutes. The
gradient conditions are carried out as follows; 0-15.0 minutes; 70-80% B, 15.0-15.1
min; 80-95% B, 15.1-18.0 min; 95% B, 18.0-18.1 min; 95-70% B, 18.1- 25.0 min; 70% B.

The injection volume used is 5 uL (Citti et al., 2018).

3.2.5 Antioxidant Evaluation

3.2.5.1 DPPH Colorimetric Assay

The free radical scavenging capacity of each sample was determined by using
the slightly modified method of Roheem et al (2020). Concisely, 75 pL of the freshly
prepared 0.4 mM DPPH solution was introduced into each 96-wells microplate

discreetly.
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A 50 pL of sample and standard with various concentrations were added to
each well. The blank contains only methanol and DPPH. Standard gallic acid with an
initial concentration (1 mg/mL) was dissolved in methanol. The microplates were left
in the dark for 30 minutes (Roheem et al., 2020). Hereinafter, the plate will be placed
in the microplate reader and the absorbance will be read at }\517 am Using CLARIOStar
microplate reader (BMG Labtech, Germany). The assay was performed in triplicate
and the % inhibition of each sample/standard was calculated using the following

equation:

AbsControl — AbsSample
AbsControl

(% DPPH Inhibition) = ( )xlOO

3.2.5.2 TLC-Bioautography

The TLC plates which have been developed with the same treatment are
dried first, then the plates were sprayed with 0.2% DPPH which has been dissolved in
methanol using the TLC sprayer. Shortly after spraying with the DPPH reagent, the
plates were incubated for 30 minutes in a dark place. Furthermore, the image will be

taken using the CAMAG TLC Visualizer 2 (Sobstyl et al., 2020).

3.2.5 UVA-Photoprotection Assay

3.2.5.1 Cell Culture

Human skin keratinocyte cell line, HaCaT cells, was obtained from
Elabscience (Houston, TX, USA). HaCat cell cultured by following cell conditions from
Warinhomhoun et al (2021) in Dulbecco's Modified Eagle Medium (DMEM; Thermo
Fisher Scientific, Waltham, MA, USA), then 10% fetal bovine serum (FBS; Thermo
Fisher Scientific, Waltham, MA, USA), 100 U/mL penicillin, and 100 pg/mL

streptomycin (Thermo Fisher Scientific, Waltham, MA, USA) were added. The cells
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were then stored in an incubator humidified at 37°C with an atmosphere of 5% CO2

for the next experiment (Warinhomhoun et al., 2021).

3.2.5.2 UVA-Photoprotection Assay

Human Skin Keratinocytes (HaCaT cells) were seeded into 96-well culture
plates at a density of 2 x 10 cells per well in 200 uL medium and then the 96-well
culture plate was incubated for 24 h. Cells were pre-treated with CBD, THC, or
extracts for 18 h. Control groups were incubated with an equivalent amount of
DMSO (0.5%; non-toxic concentration of DMSO; vehicle control). Before UVA
iradiation, experimental media were aspirated; cells were washed twice with PBS,
and serum-free medium was added. Hereinafter, cells were irradiated with UVA (365
nm; 7 J/cm?) using UVP crosslinker CL-3000L (Analytik Jena, Jena, Germany). After
irradiation, the survival of cells was evaluated immediately by using an MTT assay

then percentage of cell viability calculated according to following formula.

OD570Tx x 100
0D570Ct

% Survival =
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CHAPTER IV
RESULTS & DISCUSSIONS

4.1 Yield Production of C. sativa Extract

C. sativa samples used in the first experiment were obtained from the female
flower of C. sativa L. strain CBD Charlotte’s Angel. The two extraction groups were
the first group where all the cannabis flower powder had been pre-heated for 60
minutes at 110°C and the second group are cannabis flower powder without pre-
heated before extraction then extracted using ethanol and hexane. The extraction
method used for this sample is ultrasound-assisted extraction (UAE) which extraction
was carried out for three repetitions where each repetition lasts for 30 minutes. The
organic solvent extracts obtained from flower extraction have then calculated the

percentage of yield which has been presented in Table 3.

Cannabis sample obtained from ONCB Thailand in the second experiment
used the cold-maceration method in which the decarboxylated powder was firstly
soaked in various organic solvent and vegetable oils overnight then the collected-
extract from organic solvents filtered and evaporated to separate the extract from
solvent until getting crude extract while collected-extract from vegetable oil filtered
and store at room temperature. Additionally, the extract from SFE (SCCO,) has been
collected from vessel extraction then winterized to get a winterized-SCCO, sample.
The organic solvent extract and supercritical CO, extract obtained from extraction
have then calculated the percentage of yield which has been presented in Table 4.
Since we did not vaporize the vegetable oil from the extract due to the component
of vegetable oil which contains heavy molecules with a long carbon chain that make
oil does not evaporate even at high temperatures, therefore we did not provide the

yield data of vegetable oil samples.
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Table 3. Yield production of decarboxylated and non-decarboxylated C. sativa strain
CBD Charlotte’s Angel female flower using ultrasound-assisted extraction (UAE)
method with different solvents. Data are provided as a weight percentage of the

extract obtained per 1 gram of dried cannabis flower.

Sample % Yield
NH-Ethanol 16.61 + 1.41%
NH-Hexane 9.69 + 0.79%

H110-Ethanol 12.88 + 1.90%
H110-Hexane 11.40 + 0.27%

Table 4. Yield production of C. sativa obtained from ONCB Thailand using cold-
maceration (conventional method) with different solvents. Data are provided as a
weight percentage of the extract obtained per 5 grams for organic solvent extraction

and 60 grams for SFE of dried cannabis materials.

Sample % Yield
Ethanol 12.13 + 1.54%
Hexane 10.38 + 0.74%
Light Petroleum 7.60 £ 1.32%
Heavy Petroleum 10.39 + 0.88%
SFE (SCCO,) 1.92 + 0.29%

The process of decarboxylation of the cannabis powder by heating the
material before extraction also shows an effect with a difference in the percentage of
yield produced from both organic solvents used in this study. Non-decarboxylation
cannabis extracted using ethanol showed the highest yield compared to
decarboxylated-cannabis which tended to be lower in yield production. The yield
production from decarboxylated-cannabis extracted using hexane was higher than

that which was not decarboxylated before extraction. Tallon et al (2018) also
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obtained a similar result which shows decarboxylated cannabis produced a higher
yield than non-decarboxylated cannabis especially used non-polar solvent due to
decarboxylated form in the cannabis being more soluble in the non-polar solvent

than acid form (Tallon et al., 2018).

The vyield production results presented in Table 4 prove that ethanol
consistently provides the best quality in terms of yield production compared to
another organic solvent used in this study due to its polarity which is suitable for
cannabis extraction. Indirectly, Table 3 and Table 4 show the yield production of
cannabis depending on several factors such as solvent type, extraction method, and

decarboxylation process.

4.2 Chemical Profiling

Nowadays, High-Performance Thin Layer Chromatography (HPTLC) become
one of the new technologies that are a new generation of TLC which is very possible
for identification, screening, and isolation of various active compounds in the plant
by presenting data that has high resolution in terms of visualization. It also provides
more accurate data and is globally accepted as one of the most powerful analytical
techniques applied for phytochemical analysis (Bhargava et al., 2021; Sisodiya &
Shrivastava, 2017). The data obtained from HPTLC analysis can be in form of
qualitative data that provide information about chemical profile obtained from the
separation of active compounds and also quantitative that provide information about
quantification of the compound of interest which in this section we focused on
qualitative data used to compare the chemical profile of cannabis extracted using

both solvent groups.

HPTLC plate was developed by using mobile phase including heptane, diethyl
ether, and formic acid with ratio 90:20:0.3 (v/v/Vv/). Cannabinoids standards such as

CBG, CBDA, THCA, CBN, THC, and CBD have also been applied on the HPTLC plate
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altogether with all the samples of organic solvent group extract and vegetable oil
group extract. The development conditions for the HPTLC plate were modified
according to the American Herbal Pharmacopoeia for chemical profiling of C. sativa

(Pharmacopoeia, 2014)

4.2.1 The Influence of Decarboxylation Process on Chemical Profile of C. sativa
strain CBD Charlotte’s Angel Female Flower Extract

The influence of decarboxylation on the presence of cannabinoid acids and
neutral cannabinoids of C. sativa was evaluated by using female flower extracts from
C. sativa strain CBD Charlotte’s Angel as plant materials which are extracted using
organic solvent (ethanol & hexane) and vegetable oils (VCO and olive oil). The
presence of each compound was detected through a chemical profile resulting from
the separation of the compounds contained in the extract using the HPTLC method.
The chemical profile formed on the HPTLC plate shows all the active constituents
contained in the extract that was successfully separated using a predetermined
mobile phase in the HPTLC instrument. After the separation process and scanning at
UV,s4, UVsgs, White light with combined post-chromatographic derivatization using 1%
vanillin reagent, the chemical profile of each extract is presented in Figure 12. White

light after derivatization showed the best visualization of the chemical profile.

Cannabinoids such as CBD and CBDA in all tested samples were detected
very strongly compared to other cannabinoids which were visually undetectable at R¢
0.35-0.50. The color of the CBD and CBDA bands that appear in each extract on the
plate under white light looks slightly different from the respective standard due to
the high concentration of both compounds contained in the extract resulting in a
darker or more concentrated band color. On the plate scanned UVse after
derivatization shows very clear the presence of an unidentified band which was

detected in all tested samples especially in samples extracted using olive oil. Those
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compounds are also clearly on the plate scanned with visible light (white light).
Several unidentified bands were also detected (Rs 0.1 — 0.3) which indicated the
presence of other compounds contained in the extract on the plate scanned under
UVsss and white light (after sprayed using 1% vanillin reagent) with various band
strength which in samples extracted using vegetable oils showed strong bands
compared to samples extracted using organic solvents. Several visible bands
separated at R < 0.1 were detected on the plate scanned under UVss and white

light.

The presence of CBD and CBDA bands with varying band strengths in each
sample tested proved that the decarboxylation process highly affects the presence
of both compounds qualitatively. All the decarboxylated samples showed the
strongest CBD bands than CBDA bands which indicated that the CBDA compound in
the sample had been converted to accelerated to CBD that supported by heating
the powder before extraction at 110°C for 60 minutes while all the non-
decarboxylated samples showed the strongest CBDA bands than CBD bands which
indicated that CBD compound was still concentrated in the acid form which is CBDA.
Naturally, CBD and other neutral cannabinoids are presented as their corresponding
carboxylic acid in cannabis (Kinghorn et al., 2017). Those neutral compounds are not
formed in abundant concentrations but will be converted significantly through non-
enzymatic decarboxylation processes when exposed to light or heat (Tan et al,

2018). The conversion of CBDA to CBD can be depicted in Figure 11.

Figure 11. The conversion of CBDA to CBD
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Figure 12. HPTLC Chemical Profile of C. sativa strain CBD Charlotte’s Angel under
UVasq (A); UVags (B); UVags (sprayed vanillin reagent) (O); White Light (sprayed vanillin
reagent) (D). Track 1- CBDA,; Track 2-CBG; Track 3-THCA; Track 4-CBN; Track 5-THC;
Track 6-CBD; Track 7-NH Ethanol; Track 8-H110 Ethanol; Track 9-NH Hexane; Track 10-
H110 Hexane; Track 11-NH RF Olive Oil; Track 12-H110 RF Olive Oil; Track 13-NH VCO;
Track 14-H110 VCO.
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4.2.2 The Influence of Solvent Types on Chemical Profile of C. sativa

The influence of solvent types on the chemical profile of C. sativa L. was
examined using decarboxylated cannabis material obtained from ONCB Thailand.
Cannabis material which used in this experiment is adulterated-cannabis flower that
grounded into the powder then extracted using various organic solvents including
ethanol, hexane, light petroleum, and heavy petroleum. Vegetable oils are used for
extraction including VCO, olive oil, perilla seed olil, rice bran oil, sesame seed oil, and
sacha inchi oil. Cannabis extracts including supercritical CO, and winterized
supercritical CO, which were obtained from the supercritical fluid extraction method
by using CO, as a solvent also included in this experiment. The material has been
decarboxylated at 110°C for 60 minutes then soaked in the solvent overnight. After
that, all samples and cannabinoids standards were applied to the HPTLC plate then
developed using the same system as the previous experiment. The chemical profile
after scanning at UV,ss, UVsg, white light with combined post-chromatographic
derivatization using 1% vanillin reagent is presented in Figure 12. White light after

derivatization showed the best visualization of the chemical profile.

HPTLC results showed that the chemical profile of C. sativa L. extracted using
various organic solvents, supercritical fluid extract, and various vegetable oils are look
similar which was indicated by the presence of several cannabinoids such as CBG
(dark orange), CBN (rosette), THC (brown), and also CBD (dark red) on the top and
other unidentified compounds contained in the extract on the bottom. The presence
of compounds detected as CBG, CBN, THC, and CBD was due to having the same R¢
value (0.35 - 0.5) with cannabinoid standards and other unidentified compounds
which detected that having R¢ value (0.1 - 0.3). Qualitatively, the organic solvent
extracts showed strong bands of CBD and CBN followed by THC and CBG. While
vegetable oil extracts and supercritical CO, showed strong bands of CBD and CBN
followed by THC and CBG. The chemical composition of a plant extract is greatly

determined by the selection of solvent types as well as the extraction method used,



a3

therefore the polarity of the compound's target is the crucial thing to be known

beforehand (Azmir et al., 2013).

The similarity of the chemical profile of cannabis extracted using various
organic solvents and vegetable oils indicated that vegetable oil has a good ability to
dissolve cannabinoids. According to Pierre et al (2002) that solvents with low
viscosity tend to be associated with good migration ability through the matrix,
thereby increasing extraction efficiency (Pierre et al., 2002). Despite both groups of
solvent, organic solvents (0.3 - 1.1 cP) and vegetable oils (35-90 cP) used in this
study had significant differences in viscosity values, qualitatively vegetable oils are
still able to dissolve several main cannabinoids in cannabis such as CBG, CBN, THC,
and CBD as evidenced by the presence of these compounds in the chemical profile
on all samples extracted using vegetable oils (Benitez et al., 2018; Diamante & Lan,
2014; Lee et al., 2021; Mohammed et al.,, 2021; Nierat et al., 2014; Siddiqui & Ahmad,
2013). Due to chemical structure, vegetable oil has long fatty acid chains that contain
carbon-hydrogen bone which essentially has no dipole moment therefore vegetable
oil is non-polar and considered suitable with cannabinoids which are also known

chemically as fat-soluble and grouped into non-polar compounds.

Vegetable oils have been known as a solvent for extraction since ancient
civilizations such as Egyptians, Phoenicians, Indians, and Chinese (Olson, 2010; Pitts et
al,, 2007). Currently, the good ability of vegetable oil as a solvent also has been
proved by several studies. Chen & Meyers (1982) in their study used soy oil for
astaxanthin pigment extraction from Crawfish waste (Chen & Meyers, 1982). A similar
result was obtained by Handayani et al (2008) and Kang & Sim (2008) which extracted
astaxanthin pigment from Penaeus monodon and Haematococcus (Handayani et al.,
2008; Kang & Sim, 2008). Astaxanthin pigment also can be extracted from shrimp by
using flaxseed oil (Pu et al, 2010). Li et al (2014) succeeded in proving
experimentally and theoretically the good solubility of various vegetable oils in

extracting volatile compounds (Li et al., 2014).
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Figure 13. HPTLC Chemical Profile of C. sativa under UV,sq (A); UVzgs (B); UV
(sprayed vanillin reagent) (C); White Light (sprayed vanillin reagent) (D). Track 1-
CBDA; Track 2-CBG; Track 3-THCA; Track 4-CBN; Track 5-THC; Track 6-CBD; Track 7-
Ethanol; Track 8-Hexane; Track 9-Light Petroleum; Track 10-Heavy Petroleum; Track
11-Supercritical CO2; Track 12-Winterized Supercritical CO2; Track 13-VCO; Track 14-
RF Olive Oil; Track 15-HH Olive Oil; Track 16-.Rice Bran Oil; Track 17-Sacha Qil; Track
18-Sesame Oil; Track 19-Perilla Oil; Track 20-CBD Distillate (CRCE).
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4.3 HPLC Quantification of Cannabinoids

Quantification of cannabinoids content was analyzed by using HPLC to
confirm the effect of the decarboxylation process before extraction and the type of
solvent used in the extraction process quantitatively. THC and CBD were chosen to

quantify due to both compounds as major cannabinoids in C. sativa.

43.1 The Influence of Decarboxylation Process on the Presence of

Cannabinoids

The quantification result of CBD and its acids form of C. sativa strain CBD-
Charlotte’s Angel female flower which was extracted using ethanol, hexane, virgin
coconut oil, and olive oil is presented in Table 5 as well as statistical analysis of the

result of CBD quantification is presented in Figure 14.

Table 5. Quantification of cannabinoid acid & neutral cannabinoid of C. sativa strain

CBD-Charlotte’s Angel female flower extract.

Samples CBDAws, wi CBD(%, wW/V)
Organic Solvents
NH-Ethanol 12.49 + 2.59% 10.24 + 1.74%

H110-Ethanol

12.00 + 2.22%

1537 £ 3.54%

NH-Hexane

18.96 + 0.65%

4.86 £ 0.31%

H110-Hexane

10.92 £ 0.38%

17.71 + 0.20%

Vegetable Oils

NH-VCO

0.39 £ 0.12%

0.12 +0.03%

H110-VCO

0.39 + 0.14%

0.36 + 0.15%

NH-Olive Oil

0.31 + 0.21%

0.18 + 0.05%

H110-Olive Oil

0.31 £ 0.10%

0.17 + 0.04%
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Figure 14. Quantification of CBDA and CBD of C. sativa extracts, (A) Ethanol extract;
(B) Hexane extract; (C) Virgin Coconut Oil extract; (D) Roasting & Frying Grade of Olive
Oil. All the tested sample was divided into 2 groups: NH (Non-decarboxylated) and
H110 (Decarboxylated at 110°C for 60 minutes before extraction). All the experiment
was in triplicate (n=3) and analyzed statistically by using non-parametric (t-test)

which (¥) means significantly different (p<0.05).

The decarboxylation process can be accelerated by heating the material

before or during the extraction process. In this study, we decarboxylated all the
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samples before extraction and analyze the THC and CBD in respective samples.
Chemically, the main cannabinoid presence in acids form (Martinenghi et al., 2020).
These results have confirmed the change of cannabinoid acids such as CBDA into
neutral cannabinoids such as CBD quantitatively. CBDA was detected in abundance in
all organic solvents extract that was not decarboxylated before extraction while CBD
was detected to be lower than CBDA. Statistically, hexane extract which is
decarboxylated and non-decarboxylated extract showed significant differences (p <
0.05) in the number of CBDA and CBD. Likewise, VCO also showed significant
differences (p < 0.05) in terms of the number of CBD. The result of quantification of
CBD and CBDA content showed variation in the ratio of both compounds. CBDA was
exhibited higher in all organic solvent extracts that were not decarboxylated while
CBD was detected higher in decarboxylated organic solvent extracts. The ethanol
extract which was not heated before extraction showed the CBDA content of 12.49 +
2.59% while hexane extract was 18.96% + 0.65%. When the heating was carried out
before extraction at 110°C for 60 minutes, CBDA in both extracts decreased to 12.00
+ 2.22% and 10.92 + 0.38% respectively. It is due to cannabinoid acid which is CBDA
in the extract have been decarboxylated into neutral cannabinoids therefore it can
be seen in the CBD content which increased from 10.24 + 1.74% to 15.37 + 3.54% in

ethanol extract and 4.86 + 0.31% to 17.71 + 0.20% in hexane extract.

Likewise, CBDA content in virgin coconut oil extract and olive oil did not
decrease after being heated at 110°C which CBDA content of 0.39 + 0.12% and 0.31
+ 0.21% respectively while an increase occurred in the content of CBD in the heated
sample which from 0.12 + 0.03% contained in the unheated sample to 0.36 + 0.15%.
Surprisingly, CBD content showed a slight decrease in the heated sample of olive oil
extract. The HPLC chromatogram result also confirmed the chemical profile of
extract by the presence of CBDA and CBD in the respective organic solvent extract
and vegetable oil extract (see Appendix pages 101-104). The presence of CBDA in

decarboxylated samples indicates an incomplete decarboxylation process. This could
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be due to the heating temperature and time which are parameters of this process
(Nuapia et al., 2021) that do not make the decarboxylation process run efficiently.
Preheating the plant material at 110°C for 60 minutes could not complete this
process which was confirmed by the presence of CBDA in the decarboxylated extract
despite the CBD showing an increase in the decarboxylated samples. In addition,
THCA and THC in the extract were detected to be in very low amounts and even
undetectable in several extracts due to the cannabis strain that used was as CBD-rich
cannabis. Therefore, it is inexecutable to do a comparison and evaluation of the
effect of pre-heating on the presence of both compounds in respective extracts

quantitatively.

4.3.2 The Influence of Solvent Types on the Cannabinoids Content

As discussed in the previous discussion where the selection of solvent type
for extraction will greatly affect the yield production and chemical profile of C. sativa
The selection of solvent type is an urgent issue in terms of working on plant raw
material which will assure the release of the active constituents from the matrix

maximally (Shakun et al., 2020).

Plant material which is cannabis that has been extracted using common
organic solvents for cannabis extraction including ethanol, hexane, petroleum ether,
and supercritical CO2 was analyzed for the THC and CBD content using HPLC in the
respective extract as well as vegetable oils including virgin coconut oil, olive ail,
perilla seed oil, sacha inchi oil, rice bran oil, and sesame seed oil which were also
used as a solvent. The result of HPLC analysis of the content of THC and CBD in the
cannabis extract is presented in Table 6 and then the data is statistically analyzed
using ANOVA one-way and non-parametric test (t-test) which is presented in Figure

15-16.
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Table 6. Quantification of major cannabinoids of C. sativa obtained from ONCB

Thailand.
Samples CBD96,wm) THC (96w
Ethanol 4.43 + 0.44% 1.34 + 0.22%
Hexane 377 +1.41% 0.71 £ 0.40%

Light Petroleum

4.82 + 0.15%

0.59 + 0.30%

Heavy Petroleum

4.36 + 0.39%

0.39 + 0.32%

Supercritical CO,

2.60 = 0.06%

7.20 = 0.055%

Winterized Supercritical CO,

3.89 + 0.14%

13.29 + 0.02%

Virgin Coconut Oil

0.01 + 0.004%

0.03 £ 0.01%

RF Olive Oil

0.01 + 0.000%

0.03 + 0.0005%

HH Olive Oil

0.01 + 0.002%

0.03 + 0.0024%

Sacha Inchi Oil

0.02 + 0.004%

0.03 + 0.005%

Sesame Seed Oil

0.01 + 0.002%

0.02 + 0.003%

Perilla Seed Qil

0.01 + 0.003%

0.02 + 0.004%

Rice Bran Oil

0.01 + 0.003%

0.03 + 0.004%

Remarks: RF (roasting & frying grade); HH (high-heat cooking grade)
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Figure 15. Quantification of THC and CBD of C. sativa organic solvent extracts, (A) THC
content of organic solvent extract (%, w/w); (B) CBD Content of organic solvent
extract; (C) Comparison of THC and CBD content of the organic solvent extract. All
the experiment was in triplicate (n=3) and analyzed statistically by using non-
parametric (t-test) and ANOVA one-way (ethanol extract as a standard). (*) means

significantly different (p<0.05).
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Figure 16. Quantification of THC and CBD of C. sativa vegetable oil extracts, (A) THC

content of vegetable oil extracts (%, w/w); (B) CBD content of vegetable oil extracts

(%, w/w); (C) Comparison of THC and CBD content of vegetable oil extracts. All the

experiment was in triplicate (n=3) and analyzed statistically by using non-parametric

(t-test) and ANOVA one-way (ethanol extract as a standard). (*) means significantly

different (p<0.05).

The solvent ability in dissolving compounds from the material greatly

determines the number of active compounds in the plant extract. HPLC
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Chromatogram confirmed that THC and CBD were detected in all extracts (see
Appendix pages 105-108). The result of the HPLC analysis of THC and CBD showed
that petroleum ether with a low boiling point (light petroleum) could extract the CBD
with the highest content in the organic solvent group which was 4.82 + 0.15% and
followed by ethanol extract 4.43 + 0.44%. While in the vegetable oil group, sacha
inchi oil showed the highest CBD content of 0.02 + 0.004% which the rest of the
vegetable oil contained an equal CBD content. Likewise, supercritical CO, and
winterized supercritical CO, showed the highest content of THC which was 13.29 +
0.02% and 7.20 = 0.055% respectively in the organic solvent group while the
vegetable oil group had the same amount of THC in the range of 0.02-0.03%.
Statistically, there was a significant difference in the ratio of THC and CBD content of
the respective extract where ethanol, hexane, petroleum ether extract showed a
high content of CBD compared to THC, in contrast to the supercritical CO, and
vegetable oils group which showed a high content of THC content compared to CBD.
The amount of CBD in the organic solvent group showed insignificant different while
in vegetable oil group showed sesame seed oil and perilla seed oil have CBD
content which is significantly different (p<0.05) from virgin coconut oil as a standard.
Supercritical CO, and winterized supercritical CO, extract showed a very significant
difference (p<0.05) in THC content to ethanol extract while perilla seed oil extract, as
well as sesame seed oil extract, also showed a significant difference (p<0.05) in THC

content to virgin coconut oil extract.

As discussed previously, the solvent is a crucial factor in the extraction
process where the solvent greatly determines the quality and quantity of the
compounds target obtained from the extraction. The polarity of the compound of
interest can be used as a reference for selecting the solvent to be used for the
extraction. Ethanol, hexane, and petroleum ether are commonly used for cannabis
extraction (Abubakar et al., 2020; Krill et al.,, 2020; Laznik et al., 2020). Supercritical

Fluid Extraction (SFE) is a technology that is often applied in vegetable matrices to
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extract essential oils and various active constituents on a large scale which CO, is
commonly used for extraction (de Melo et al,, 2014; Herrero et al., 2010; King, 2014;
Reverchon & De Marco, 2006). This method provides several benefits such as ultra-
pure quality and low solvent residue (Shinde & Mahadi, 2019). Thus, it correlates
when compared to other solvents used in the experiment in terms of the amount of
THC and CBD produced from this method is much higher. Currently, this method has
been conducted by several studies (Baldino et al., 2020; Grijo et al., 2019; Rovetto &
Aieta, 2017). Purification in supercritical CO, extraction or well-known as winterization
which can be used for removing the wax, chlorophyll, and fat from the extract
therefore the purity of cannabinoids and other compounds in cannabis extract also
increased. It is proved by the increase of THC and CBD compared to supercritical CO,

without winterization.

Since we did not vaporize the vegetable oil from pure extract, the viscosity
of vegetable oil used for extraction is thought to be a major factor affecting the
quality of cannabinoids extraction which can compare indirectly to organic solvents.
Refers to literature which is summarized in the introduction section, vegetable oil
used in this study has a high viscosity with a value range of 36.5 — 88 cP (Diamante &
Lan, 2014; Ghani et al., 2018; Lee et al., 2021; Mai et al., 2020; Nierat et al,, 2014;
Siddiqui & Ahmad, 2013). The solvent with high viscosity can also be slackening the
extraction process of active constituents contained in cannabis. Despite cannabinoids
being known to be non-polar compounds and oil-soluble, high viscosity causes the
penetration of vegetable oil into the matrix to be slower compared to organic
solvent as well as maceration duration which is strongly suspected to be ineffective
in optimizing the extraction process. Surprisingly, the viscosity of each vegetable oil
did not affect the extracted cannabinoids content due to the content of both
compounds contained in the respective vegetable oils did not differ much, namely,
in the range of 0.01-0.02% (w/v). Therefore, the selection of the best vegetable oil in

extracting cannabinoids is largely determined by its health benefit. As known,
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vegetable oil has physicochemical properties which greatly affect human health if
consumed. For healthy consumption, vegetable oils such as olive oil, perilla seed oll,
sacha inchi oil, sesame seed oil, and rice bran oil are good choices for consumption
altogether with cannabis extract. Unsaturated oil is considered to have good benefits
for human health compared to saturated oil which can promote some health risks

such as cardiovascular and coronary heart disease (Mozaffarian & Clarke, 2009).

4.4 The Influence of Solvent Types on Antioxidant Activity of C. sativa

In this study, the antioxidant activity of cannabis extract was evaluated using
two methods, TLC-Bioautography, and colorimetric assay. The cannabis extract used
in this experiment was cannabis materials from ONCB Thailand (adulterated-cannabis
flower) which aims to evaluate the influence of solvent types on the antioxidant

activity of cannabis.

4.4.1 Radical Scavenging Assay (DPPH Colorimetric) of C. sativa Extract

The antioxidant power of cannabis extract was examined colorimetrically
using DPPH as a free radical. The decolorization that occurred after the addition of
the respective extracts solution was measured for the optical density (OD) value
using UV light with )\517. The ICs5q of the respective extract is presented in Table 9.
Among all the organic solvent extracts, winterized supercritical CO, extract showed
the strongest antioxidant power with ICsq of 0.03 + 0.006 mg/mL followed by hexane
extract (ICso 0.05 + 0.003 mg/mL) and supercritical CO, (ICso 0.07 + 0.004 mg/mL).
While for vegetable oils group, rice bran oil showed the strongest antioxidant power
with an 1Cso value of 3.35 + 0.120 mg/mL) followed by virgin coconut oil (VCO) and
sacha inchi oil with IC5, values of 5.81 + 1.396 mg/mL and 7.05 + 0.081 mg/mL
respectively. The gap in ICs, values among both solvent groups was made possible

by the ability of the solvent to dissolve the active constituents that contribute to
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overall antioxidant power in the plant material which has also been proven by the
significantly different content of THC and CBD in both groups. In addition, ICs, values
in all samples extracted using organic solvents were not significantly different, while
in vegetable oil are significantly different in the ICs, values range of 3.35-13.70

mg/mL.

Since the vegetable oil used to extract the material in this study was not
evaporated and separated from the pure extract, the overall antioxidant power of
vegetable oils samples is also strongly suspected as a contribution from the chemical
component of vegetable oils itself which is known to have fatty acid as a major
component. The proportion and types of fatty acids that make up vegetable oils vary
widely. Several studies reported the proportion of fatty acid of various vegetable oils
as well as minor components in vegetable oils which are also known to have
antioxidant activity (Asif, 2011; Cisneros et al., 2014; Dachtler et al., 2003; Dossa et al,,
2017; Ghani et al., 2018; Kang et al., 1998; Kizhiyedhatu Polachira et al., 2004; Lee et
al., 2008; Mohammed et al., 2021; Silenzi et al., 2020; Suja et al.,, 2005; Xiang et al,,
2017). Tocopherol is one of the minor components commonly found in edible oils.
Tocopherol promotes oxidative stability of vegetable oil which is one of the crucial
properties of vegetable oil (Gliszczyl"lska—s,vvigko et al., 2007). Regarding the report by
Chiba (1999), the fatty acid composition and carbonyl value are also considered as a

determinant of oxidative stability of vegetable oil (Chiba, 1999).
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Table 6. DPPH radical scavenging of organic solvents and vegetable oil extract of C.
sativa All the experiment was done in triplicate (n=3) + standard deviation. The data
are sorted based on the lowest IC5y value which is interpreted as having the

strongest antioxidant power against DPPH in each solvent group.

Samples/Standard ICs0 Value (mg/mL)

Gallic Acid 0.008 + 0.0005

Organic Solvents

W-ScCO, 0.03 + 0.006
Hexane 0.05 + 0.003
ScCO, 0.07 £ 0.004
Ethanol 0.08 + 0.039

Light Petroleum 0.14 + 0.017
Heavy Petroleum 0.35 + 0.022

Vegetable Oils

Rice Bran Oil 3.35 +0.120
Virgin Coconut Oil 581 + 1.396
Sacha Inchi Oil 7.05 + 0.081
Olive Oil (HH) 7.66 + 0.753
Olive Oil (RF) 11.88 + 0.375
Perilla Seed Oil 13.14 + 1.062
Sesame Seed Oil 13.70 + 0.565

4.4.2 TLC-Bioautography C. sativa Extract

Detection of antioxidant activity of cannabis extracts on DPPH free radicals
was also carried out qualitatively using TLC-DPPH to confirm that the active
constituents contained in the extract had antioxidant properties. All samples

including cannabinoid standards that have been applied to the TLC plate are then
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developed with the existing system. Furthermore, the chemical profile obtained from
the separation of the compounds on the TLC plate was sprayed using 0.2% DPPH in
methanol and incubated for 30 minutes in a dark room. The yellow color that
appears on the purple background indicated compounds that have antioxidant

activity. The TLC-Bioautography DPPH of cannabis extract is presented in Figure 17.
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Figure 17. TLC Chemical Profile of C. sativa with post-chromatographic derivatization
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using 0.2% DPPH in Methanol. Track 1- CBDA; Track 2-CBG; Track 3-THCA; Track 4-
CBN; Track 5-THC, Track 6-CBD; Track 7-Ethanol; Track 8-Hexane; Track 9-Light
Petroleum; Track 10-Heavy Petroleum; Track 11-Supercritical CO2; Track 12-
Winterized Supercritical CO2; Track 13-Virgin Coconut Oil; Track 14-Olive Oil Roasting
& Frying Grade; Track 15- Olive Oil High Heat Cooking Grade; Track 16-Rice Bran Oil;
Track 17-Sacha Inchi Oil; Track 18-Sesame Seed Oil; Track 19-Perilla Seed Qil; Track

20-CBD Distillate (CRCE).

Detection of antioxidant of cannabis extracts guided by TLC-Bioautography
showed that several compounds separated on the TLC plate had antioxidant activity.
CBD contained in all the samples has strong antioxidant properties against DPPH free
radicals as indicated by the presence of yellow bands in respective samples with

very strong intensity. A similar result was also seen in CBN compounds detected in
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all samples which showed strong and uniform yellow band intensity as well as pure
CBN as a standard. This indicates that CBN also has antioxidant properties. The THC
compounds detected in all samples tested also showed antioxidant activity.
However, it is not as strong as CBD and CBN where the intensity of the yellow band
in all samples is weak and slightly strong in ethanol and hexane extract. Several
unidentified bands also appear to have antioxidant properties against DPPH free
radicals which are indicated by the appearance of yellow bands at the bottom zone.
These results also confirmed from the previous experiment that the overall
antioxidant activity of cannabis extract was not only contributed by cannabinoids but
also other compounds. As it is known that plant extracts have a complexity of active
compounds which might have antioxidant properties. Especially in the oils group
where vegetable oils used as solvent also contain several minor components to have

antioxidant properties.

Cannabinoids as our focus in this study are known to have antioxidant activity
including CBG, CBDA, THCA, CBN, THC, and CBD which has been proven by
Dawidowicz et al (2021) in which those compounds have been shown to scavenge
free radicals (Dawidowicz et al,, 2021). Regarding several studies of the literature
revealed that THC has similar properties as phenolics in terms of its antioxidant
properties, in which THC loses one electron and proton as an unpaired balancer
(Balbino et al., 2012; Nissim & Compton, 2015; Novak et al,, 2013; Smith et al., 2015).
Hampson et al (1998) demonstrated the antioxidant properties of CBD and THC
through cyclic voltammetry (Hampson et al.,, 1998). As mentioned, non-cannabinoids
in cannabis also have an antioxidant activity such as polyphenol, and terpenes in

cannabis are also known to scavenge free radicals (Cantele et al., 2020).
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4.5 Cytotoxicity & UVA-Photoprotective Effect of C. sativa Extract on Human

Skin Keratinocytes (HaCat Cells)

Human skin keratinocytes cell that has been cultured and incubated under
predetermined conditions were then treated using cannabis extracts including
ethanol extract, supercritical CO,, winterized supercritical CO,, and virgin coconut oil.
Cannabinoid standards such as THC and CBD are also included in this experiment.
Cells treated with cannabis extracts, THC, and CBD were also performed firstly to
determine the cytotoxicity of all samples tested before further treatment using UVA
radiation. The results of cytotoxicity of cannabis extracts, THC, and CBD are shown in
Figure 18. Pure cannabinoids such as THC and CBD showed a non-toxic reaction to
the cell in the concentration range 155-1250 ng/mL after being added to cell culture,
which was characterized by the consistency of cell viability at 100%, although slightly
increased at concentration 1250 ng/mL in CBD and 310 ng/mL in THC. Cannabis
extracted using ethanol and supercritical CO2 showed a very significant increase in
cell viability at the concentration range of 155-1250 ng/mL. It is indicated that these
three samples are non-toxic to HaCat cells in that concentration range. Meanwhile,

cannabis extracted using virgin coconut oil also showed non-toxic on HaCat cells.

Cytotoxicity test is the evaluation to observe growth cells and
morphological effect biologically using tissue cell in vitro which is preferred as
indicator toxicity of the compound which the success in the development of the
pharmaceutical products is supported by minimal toxicity of the compound to the
cells (Li et al,, 2015; Yonbawi et al., 2021). Human skin keratinocytes or well-known
as HaCat cells are mostly used as an epidermal model due to their presence on the
epidermis (90%) and are most frequently used as in-vitro research for preliminary
toxicity (Poumay & Coquette, 2007; Seo et al,, 2012). In this study, testing the toxicity
of the extract also provides information on the suitable concentration range (non-
toxic) of the extract/compound for further experiment. Determination of cell viability

was analyzed by using MTT (dimethylthiazol-diphenyltetrazolium bromide) assay.
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This method is used to determine the mitochondrial status of the cells functionally.
Living cells will produce the mitochondrial dehydrogenase enzyme which reduces
yellow MTT tetrazolium salt (yellow) to MTT formazan blue (Edmondson et al,

1988).

The viability of cell which is stable and tends to increase significantly after 18
hours of incubation indicated that cannabis extract was tested on HaCat cells with
the concentration range (THC equivalent) of 155-1250 ng/mlL for ethanolic,
supercritical CO,, winterized supercritical CO, and CBD (155-1250 ng/mL), as well as
VCO extract (THC equivalent; 6.75-54 ng/mL), is safe for HaCat cells especially in
ethanolic extract, supercritical CO, and winterized supercritical CO, where the cell
viability continued to increased (dose-dependent manner) for 18 hours treated with
these extract. The cause of enhancement in cell viability of cannabis extract-treated

HaCat cells has yet to be determined.



61

Cannabidiol As_ Tetrahydrocannabinol Ethanol
150 150 200r
- 150
= - -
3 1001 g 100k E
g 3 Z 100
@ 7 @
50 -
£ & sor R
0 0
0 155 310 625 1250 0 155 310 625 1250 0 155 310 625 1250
Supercritical CO, Winterized Supercritical CO, Virgin Coconut Gil
200 150~ 150
150 -
3 g € 100
S 100 2
=
@ @ @ o
-3 o Bl ES
0

0 0
0 155 310 625 1250 0 155 310 625 1250 0 675 13527 54

Figure 18. Cytotoxicity activity of C. sativa extracts on human skin keratinocytes
(HaCat cells). HaCat cells were treated with THC, CBD, ethanolic extract, supercritical
CO, extract, and winterized supercritical CO, extract (0-1250 ng/mL) and VCO extract
(0-54 ng/mL) for 18 hours (n=3). The viability of HaCat cells after being treated using
samples tested was expressed in the percentage of survival. (¥) means significant

difference with the control (p < 0.05).

Cannabis extract-treated HaCat cells for photoprotection assay were then
exposed to UVA radiation (365 nm; 7 J/cm?). Cell viability was then analyzed by using
an MTT assay. The viability of UVA-Irradiated HaCat cells is presented in Figure 19.
The result showed that cannabinoid-treated HaCat cells (pure THC and CBD) which
were then irradiated with UVA did not protect HaCat cells effectively. It is
characterized by insignificant differences in cell viability between treated cells and

untreated cells (control). Interestingly, cannabis extract-treated cells including



62

ethanolic extract, supercritical CO2, and winterized supercritical CO2 showed a
significant difference with the control in cell viability after exposure to UVA which
indicated that these extracts can protect the UVA-Irradiated HaCat cells effectively.
While VCO-treated cells also showed an insignificant difference in cell viability with

the control.

Ultraviolet is one of the physical factors that can cause several problems,
especially to human skin cells due to excessive radiation. Inflammation, cell
proliferation inhibition even cell death are several harmful of excessive ultraviolet
radiation (Panich et al., 2016). To the best of our knowledge, this is the first study to
aim for evaluating the photoprotective effect of cannabis extracts on human skin
keratinocytes. The result showed that cannabis extracts such as ethanolic,
supercritical CO2, and winterized supercritical CO2 increased the viability of HaCat
cells. This effect connects to our previous experiment which detected cannabinoids
including CBG, CBN, THC, and CBD in those extracts that have antioxidant activity on
DPPH free radicals. According to literature, several modes of UV photoprotection by
natural antioxidants from the plant are modulate the antioxidant innate and

stimulates the inflammation response (Saewan & Jimtaisong, 2015).

Pure cannabinoids used in this study including THC and CBD showed the
photoprotective effect on UVA-Irradiated HaCat cells insignificantly different from
untreated-HaCat cells compared to cannabis extract-treated such as ethanolic,
supercritical CO,, and winterized supercritical CO, which showed a significant
difference from untreated-HaCat cells (control). Therefore, from our findings above
can be concluded that the photoprotection ability of UVA-Irradiated HaCat cells from
cannabis extracts such as ethanolic extract, supercritical CO, extract, and winterized
supercritical CO, extract is also contributed by other cannabinoid compounds and
non-cannabinoids contained in the extract that was not analyzed in this study. The
combination of multiple compounds may greatly affect the overall UV

photoprotection power of cannabis extracts. It is also supported by the results of the
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antioxidant evaluation of cannabis extracts which showed supercritical CO, extract
has the highest ICso value followed by the ethanolic extract. Polyphenols such as
flavonoids and phenols isolated from C. sativa were also reported to have
antioxidant properties (Drinic et al., 2018). An insignificant result of virgin coconut oil
extract is due to the concentration of virgin coconut oil extract used being too low

therefore ineffective in protecting HaCat cells from UVA radiation.
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Figure 19. Photoprotective effect of C. sativa extracts on UVA-Irradiated HaCat cells).
HaCat cells were treated with THC, CBD, Ethanolic extract, Supercritical CO, extract,
and Winterized Supercritical CO, extract (0-1250 ng/mL) and VCO extract (0-54
ng/mL) (n=3). The viability of HaCat cells after being radiated by UVA was expressed
in the percentage of survival. (1) means a significant difference with the control (p <

0.05).
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CHAPTER V
CONCLUSION

Yield production in cannabis extraction is greatly affected by solvents used in
the extraction process. Ethanolic extract of C. sativa is consistently to be a good
solvent in terms of yield production compared to other organic solvents used in this
study. A similar chemical profile of cannabis extracted using vegetable oils with
organic solvents proved that vegetable oils can be used as an alternative solvent for
cannabinoids extraction as well as decarboxylation process carried out before
extraction also showed a similar chemical profile of flower of CBD Charlotte’s Angel
strain extracted using organic solvents and vegetable oils. The presence of CBDA and
CBD with varying band intensities proved the decarboxylation reaction occurred in
the extract after pre-heating the material. The solvent used also affects the quantity
of THC and CBD. The presence of several cannabinoids such as CBG, CBN, THC, and
CBD showed antioxidant activity against DPPH free radicals where winterized
supercritical CO, extract (organic solvent) and RBO (vegetable oil) exhibit the
strongest 1Csy value oh DPPH free radicals in their group respectively. Other
unidentified compounds also appeared and showed their antioxidant activity on the
TLC plate. Ineffectiveness of pure THC and CBD in protecting HaCat cells from UVA
radiation proved that the photoprotective effect of C. sativa not only contributed by
THC and CBD as major cannabinoids but also other cannabinoids and non-
cannabinoids contained in the extract which was not analyzed in this study.
However, the ability of vegetable oils in dissolving cannabinoids such as CBD and
THC was not as strong as organic solvents quantitatively. The high viscosity of
vegetable oils reduces the effectiveness of the extraction process. The use of high
temperatures during the extraction process which is known to reduce the viscosity of

the vegetable oils needs to be considered for future studies.
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Physicochemical properties of vegetable oils
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Peroxide Saponification lodine Smoke
Vegetable Acid Value  Viscosity
Value Value Value Point
oil (mg KOH/g) (cP)
(meq O,/kg) (mg KOH/g) (g 1,/100 g) (@)
(Eyres, 2015;
Vll’gln Ghani et al.,
Coconut 2.2 259 0.97 2.7 50.7 170 2018;
oil Maurikaa et
al., 2020)
(Azlan et al.,
2010; Nierat
Olive Oil 7.98 189.30 83.1 0.84 60.7 190 etal, 2014;
Sarwar et al,,
2016)
(Lee et al.,
Perilla 2021; X.
1.86 200.14 180.27 0.19 89 250
Seed Oil Wang etal,,
2021)
Sacha (Mai et al,,
1.78 183.5 192.4 2.05 88 225
Inchi Oil 2020)
(Chakraborty
et al,, 2017;
Sesame
. 4.8 190 112 0.78 36.5 232 Siddiqui &
Seed Oil Ahmad,
2013)
(Chloe Fan
et al,, 2012;
Rice Diamante &
8.15 184.87 106.31 7.97 39.80 235
Bran Oil Lan, 2014;
Xu et al.,

2021)
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HPLC chromatogram of C. sativa L. strain CBD Charlotte’s Angel female flower

organic Solvent extracts (non-decarboxylated sample)

(A) cannabinoids standard; (B) ethanol extract; (C) hexane extract
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HPLC chromatogram of C. sativa L. strain CBD Charlotte’s Angel female flower

vegetable oil extracts (non-decarboxylated sample)
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HPLC chromatogram of C. sativa L. strain CBD Charlotte’s Angel female flower

organic solvent extracts (decarboxylated sample)
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HPLC chromatogram of C. sativa strain CBD Charlotte’s Angel female flower

vegetable oil extracts (decarboxylated sample)
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HPLC chromatogram of C. sativa L. obtained from ONCB Thailand
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Cannabinoids standard for HPLC analysis

Cannabidiol (CBD)
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% RSD 0.0993505 0.486846 | 0.502949 | 0.268135 | 5.913665 | 0.466956 | 0.398732 | 2.136562
N\ =228 nm
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Cannabidiolic acid (CBDA)
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6.25 12.5 25 50 100 150 6.25
Cons 120.12083 238.7595 476.7406 2829.143 120.12083
(ug/mL) 120.7192 240.7089 476.3996 943,9501 1882.324 | 2827.582 120.7192
120.1214 240.6859 473.8746 945.0676 1873.832 | 2829.224 120.1214
A 120.320477 240.0514 475.6716 944.5088 1878.078 2828.65 120.320477
[o] 0.34530465 1.118909 1.565584 0.790192 6.004539 | 0.925549 | 0.34530465
% RSD 0.28698744 0.466112 0.329131 0.083662 0.319717 | 0.032721 | 0.28698744
N\ =270 nm
3000 -
y = 18.808x + 3.6554 .
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Q’ - Tetrahydrocannabinol (THC)
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6.25 12.5 25 50 100 150 200 250
Cons 127.65527 258.1429 | 513.9652 1002.033 1980.343 2842.706 3915.913 | 4867.638
(ug/mL) 127.37639 258.752 513.4854 | 994.8914 | 1982.131 2920.837 3866.856 | 4879.795
128.23503 260.5877 | 513.4303 | 966.7604 | 1993.156 2906.813 3898.786 | 4907.513
A 127.755563 | 259.1609 513.627 987.8949 1985.21 2890.119 3893.852 | 4884.982
o 0.43801795 1.272668 0.29418 18.64801 | 6.939571 41.65493 24.89819 | 20.43726
% RSD 0.34285626 | 0.491073 | 0.057275 | 1.887651 | 0.349564 1.441288 0.639423 | 0.418369
A =270 nm
6000 -
y=19.411x + 16.913
5000 + R2 = 0.9999 »
4000 - e
- ]
= 3000
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1000 | e
e
v
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