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Abstract: Natural medicines and products are becoming increasingly important in the pharmaceutical
and food industries. The most important step in obtaining a natural remedy is the processing of
the natural material. This study offers the separation of the industrial hemp plant into fractions by
mechanical treatment, which has a significant impact on the selectivity of the obtained fractions. This
study also offers a solution to reduce waste by fractionating industrial hemp, focusing on the fraction
with the highest cannabinoid content (49.5% of CBD). The study confirmed the anticancer potential
of the extract, which prevents further division of WM-266-4 melanoma cells at a concentration of
103 mg/mL. However, application of the extract (c = 103 mg/mL) to normal human epidermal
melanocytes proved to be insignificant, as the metabolic activity of the cells was the same as in the
control cell group.

Keywords: supercritical fluid extraction; ultrasonic extraction; melanoma cells; WM-266-4

1. Introduction

Knowing the phytotomy of the hemp plant and understanding its potential in phy-
topharmacy can help us to select the proper part of a certain species and obtain a high-
quality extract or product. Hemp has great added value as each part of the plant represents
many potentially valuable resources for quality products. The hemp plant consists of the
woody part (44% of the plant weight), fibres (24%), seeds (11%) and other components
such as flowers, leaves and dust (21%) [1-3]. This diversity of substances means that the
potential uses of hemp go far beyond medicinal use, since every part of the hemp plant
can be useful. A large part of the plant is made up of the fibres extracted from the stems,
which, with low weight and high strength, are an important material for the construction
industry and offer good prospects for the automotive industry [4,5]. The seeds can also
be used in a variety of applications, such as for the production of cooking oil, which have
been shown to have several beneficial effects on the body [6-8]. Hemp seeds are also used
to make biodiesel through seed pressing. They have been shown to contribute four times
more fuel than soybeans, which has led the United States to produce biofuels [9,10].

Hemp has great potential for the sustainable planning of whole plant processing
according to the zero waste and green process concept. Since each part of the hemp has
its own potential for a certain product, the main thing in planning is the pretreatment
of the material (for example, the screening method), which separates plant parts. This
pretreatment process allows fragmentation of materials according to their active size and
consequently, after extraction, the desired components [11]. The entire concept results in
extracts with a high proportion of the desired components and above all, sustainability.
One of the most important variables that affects the quality of the product, besides the
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appropriate choice of a plant screening method, is the selection of an extraction method.
The choice of extraction solvent is crucial. Studies have already introduced several solvents
such as methanol, ethanol, chloroform, butane, hexane, etc. [6,11,12]. However, there are
safety reasons regarding their toxicity, thus it is important to comply with the European
directive (Directive 2009/32/EC of the European Parliament and of the council of 23 April
2009 on the approximation of the laws of the Member States on extraction solvents used
in the production of foodstuffs and food ingredients), which recognises the extraction
solvents used in the production of food and food ingredients (such as ethanol and carbon
dioxide) [13].

In this study, the investigation into the pretreatment of the material was focused further
on the selected segments obtained after processing, which were obtained mainly from hemp
flowers and leaves. The female cannabis plants were used as male plants do not produce
flowers, and are the main topic of this work. Certain known forms of leaves also consti-
tute a part of the plant and are located above the cola from which the flower emerges [4].
Within the cola area, tiny orange, brown hairs are positioned that sprout from the flower
and the small nodules (calyx) from which the flower emerges. The nodules usually have
an extensive collection of trichomes, which are glands that secrete cannabinoids [4,14].
Shiny crystals on tiny leaves (also called sugar leaves) are crystallised secretions of ter-
penes, tetrahydrocannabinol (A9 THC), cannabidiol (CBD) and other cannabinoids [15-17].
Phytocannabinoids represent a group of C21 or C22 terpenophenolic compounds syn-
thesised from fatty acid precursors [18] in the acid (cannabinoid) form (C22). They are
decarboxylated to their neutral forms (C21) upon exposure to light [19]. Cannabigerolic
acid (CBGA) is a major precursor of tetrahydrocannabinolic acid (A9-THCA), cannabidiolic
acid (CBDA) and cannabichromenic acid (CBCA). Geranyl diphosphate and olivetolic acid
are synthesised to CBGA by synthase [20]. CBGA, CBDA and CBCA are formed by various
cyclisations and have pentyl side chains (C5-phytocannabinoids). Decarboxylation of these
precursors results in A9-THC, CBD, CBC and its chemical artifact CBL (cannabicyclol). CBN
(cannabinol) is formed by the degradation of THC. On the other hand, cannabigerovaric
acid (CBGVA), A9-tetrahydrocannabivaric acid (A9-THCVA), cannabidivaric acid (CBDVA),
and cannabichromevarinic acid (CBCVA) are formed from geranyl diphosphate and divaric
acid [20]. Nonacidic forms of cannabinoids (CBD, THC, CBG, etc.) are credited with many
healing effects on the human body [1,21]. The extraction of raw material results in the
acidic form of cannabinoid compounds and decarboxylation is required to obtain nonacidic
forms [22].

As mentioned above, in the first step we focused on the research of the pretreatment
material (screening) for the separation of plant parts. There has been no such precise
separation of dried material described in the literature. The separation (sieving) was used
to achieve higher selectivity of the required components (cannabinoids) already in the crude
mass. The crude mass was further extracted in two unconventional ways with different
solvent polarities (ethanolic ultrasonic extraction and supercritical CO, extraction) and
the resulting extracts were mixed in a 1:1 ratio. The selected extraction procedure and
mixing were explained as the most appropriate in the previous study [23]. The CO; solvent
was chosen because it isolates nonpolar components, such as cannabinoids in case of
hemp extraction. On the other hand, ethanol as a polar solvent isolates other components,
as reported by Appendino et al. who studied the isolation of the polar cannabinoid
carmagerol [24]. They point out that previous research focused on a specific polarity range,
which may have overlooked smaller compounds with higher or lower polarity than the
major cannabinoids. However, no co-solvent was added to the supercritical CO,, otherwise
it could increase its solubility in favour of other polar molecules that are not desired;
higher solvent strength could mean lower process selectivity [23,25]. The aim of this study
was to demonstrate that appropriate pretreatment affects the better selectivity (purity) of
the extract and improves anticancer activity while bioavailability is increased. Therefore,
the research was conducted on melanoma cells WM-266-4 and normal human epidermal
melanocytes, demonstrating the biocompatibility of the extract.
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2. Materials and Methods

Hemp (Cannabis sativa) was purchased from a local grower in Slovenia (Makoter
agricultural estate, Cven, Slovenia, coordinates: 46.5431403, 16.2197896). The used hemp
type was Kc Dora with an organic certificate (BV-SVN-EKO-160/20). The material was
supplied dried. The screened parts of hemp used in this study were also prepared on the
growers’ estates.

2.1. Pretreatment of Hemp

The dried hemp plant (stems, leaves and flowers) was sieved according to the proce-
dure presented in Figure 1. It represents the output of each sieving unit and the loss of the
material during the procedure. Material A (on Figure 1) represents the entire dried plant
(stems, leaves and flowers), which goes along the closed conveyor belt (1) to the rotating
drum (2). In (2), the stems and seeds in the drum (material F) are separated from the other
parts of the hemp. The rest of the material (material B) goes along the conveyor belt (1)
to the sieve with a slope (3), under which the collecting vessel (4) is separated into two
parts. In the first part, material C is collected, and in the second, material D. The vessel
is separated, because more cannabinoids are expected to fall in the first half than in the
second. The material remaining on the sieve (3) represents material E. The material F that
remains in the rotating drum is transferred along the conveyor belt (1) to the shaker with a
sieve (5), where the waste material (material H) is separated from the seeds (material G).

9

(%3]

Material B

Material F

LT
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Material C Material D ‘
4
5 5.74%) 0.75%)
Material G
b ll Vi
Material H

loss of material during sowing:
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- 4.49%+61.13°

-2 27%+5.3%

o loss: 0.61%
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Figure 1. The process of sieving and separating parts of hemp. Material A: whole dried hemp; B:
dried seedless and wasteless hemp; C: hemp powder - the first half of the sifted material in a sieve
(3); D: hemp powder - the other half of the sifted material in a sieve (3); E: material residue on sieve
(3); F: material remaining in the sieve (2); G: pure hemp seeds and H: waste material (mainly stems).

Seven material samples (A, B, C, D, E, G, H) were obtained during sieving. Dried
hemp (materials A, B, C, D, E, and H) was decarboxylated for 60 min at 140 °C. Extraction
was performed for materials A, B, C, D, E, and H. Material F was a collection of seeds
and waste material, which was further sieved (5) and only then the resulting hemp seeds
(material G) and waste material representing stems (material H) were extracted. Hemp
seeds do not contain cannabinoids, but the extraction of this fraction has been performed
for comparison.
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2.2. Extractions

The subsequent extraction procedure was explained and the conditions for the extrac-
tion were already established in our previously published article [23]. Supercritical fluid
extraction with CO, and ultrasonic extraction with EtOH were carried out according to the
procedure described by Zitek et al. [23]. However, once both extracts were obtained, they
were mixed in a 1:1 ratio. The ultrasonic extraction process was performed at 40 kHz at
25 °C. Solvent (EtOH) was removed at 40 °C under reduced pressure with a rotary evapo-
rator (Biichi Rotavapor R-114, Flawil, Switzerland). On the other hand, the supercritical
experiments were performed in an SFE system, shown in Figure 2. Material (10 g) was
placed in an autoclave, and extraction was carried out at 350 bar and 60 °C. The solvent to
feed ratio was 8.205. Extraction procedures were performed in triplicates. The obtained
extracts were stored at —20 °C until analysed with LC-MS/MS.

HP pump Heat exchanger

Separator

Autoclave

Figure 2. Supercritical fluid extraction system; 1: valve, 2: high pressure filter, 3: rapture
disc, 4: one-way valve, 5: regulating valve, 6: gas flowmeter, PI: pressure indicator and
TI: temperature indicator.

2.3. Determination of Cannabinoids with LC-MS/MS Method

An Agilent 1200 HPLC apparatus coupled with an Agilent 6460 Jet Stream triple
quadrupole (QQQ) mass spectrometer was used in this study. Using a chromatographic
Agilent Poroshell EC-C18 column with 2.7 um particles and dimensions of 100 x 2.1 mm
ID after an Agilent Poroshell EC-C18 precolumn with 4.6 um particles, separation of
cannabinoids was achieved with a mobile phase of water containing 0.1% formic acid
(A) and acetonitrile containing 0.1% formic acid (B). The initial conditions were 34% of B
held for 8 min; then, B was increased to 95% over 4 min and maintained for 1 min; then,
B was reduced to 34% over 1 min and maintained for 6 min with an additional 3 min
post-run. The flow rate was 0.2 mL/min, and the column temperature was maintained
at 35 °C. Detection was performed in negative ion mode, and analytes were ionised by
electrospray and monitored in multiple reaction monitoring (MRM) mode. Optimised
mass spectrometer parameters were: gas temperature 300 °C, gas flow 5 L/min, nebuliser
voltage 35V, sheath gas temperature 250 °C at flow 11 L/min, and capillary and nozzle
voltage 4000 V and 500 V, respectively. The MRM transition ions are shown in Table 1.

Table 1. MRM parameters of the LC-MS/MS method.

Analyte Precursor Fragment CE Fragmentation
CBGA 361 343,317 10,10 100
CBDA 359 341,218.8 10, 30 100

CBD 315.2 193.1,123.1 20, 36 45
THCA 357.4 313.1,245.1 10, 20 100
THC 315.2 193.1,123.1 10,15 50
CBN 311.2 293.1,223.1 16, 20 50

CBC 315.2 259.1, 81.1 12,15 45
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2.4. Metabolic Activity of Metastatic Melanoma Cells WM-266-4 and Normal Human Epidermal
Melanocytes upon Application of the Extracts

Different concentrations of the extracts in DMSO (c = 60, 30, 20, 10, 5, 1, 0.5 and
0.1 mg/mL) were applied to melanoma cells WM-266-4. After the initial results, the
experiments were repeated in a lower concentration range (with small differences in the
concentrations) and the extract was applied to healthy cells, melanocytes.

The skin metastatic melanoma cell line WM-266-4 (ATCC® CRL1676™, Manassas, VA,
USA), purchased from the American Type Culture Collection, was grown in a complete
medium containing Eagle’s Minimum Essential Medium (EMEM, ATCC® 30-2003™, Man-
assas, VA, USA) with 10% fetal bovine serum (FBS, ATCC® 30-2021™, Manassas, VA, USA)
and 0.02% MycoZap™ Plus-CL (Lonza, Portsmouth, NH, USA) and incubated at 37 °C, 5%
CO,, >90% RH. The cells were plated at a density of 1 x 10% viable cells per well in 96-well
culture plates and cultured for 24 h to allow cell attachment.

Normal human epidermal melanocytes (NHEMs) (SI-104-05A, Taufkirchen, Germany)
are primary cells. The cells were grown in a complete medium: melanocyte growth medium
(SI-135-500, Manassas, VA, USA). The cells were plated at a density of 1 x 10* viable cells
per well in 96-well culture plates and cultured for 24 h in medium to allow cell attachment
(Figure 3).

Figure 3. Normal human epidermal melanocytes (NHEMSs) during cultivation.

Five replicates of each experiment were performed. To measure the metabolic activity
of the cells, they were exposed to selected concentrations of extracts and cultured for 24 h.
Control cells were cultured for the same time and under the same conditions, but without
the addition of extracts. A WST-8 Colorimetric Cell Viability Kit I (PromoKine, PromoCell,
Heidelberg, Germany) was used according to the manufacturer’s instructions. Absorbance
was measured spectrophotometrically at 570 nm (background absorbance at 630 nm) for
all samples in pentaplicate. The percentage of metabolic activity of the cells (MA) was
calculated according to a procedure described in a previous study [23]. After application
of extracts, the cell morphology was observed using an inverted microscope (DM16000B,
Leica, Morrisville, NC, USA) with a digital camera (DFC365 FX Leica, Buffalo Grove IL,
Leica, Morrisville, NC, USA).

2.5. Detection of Cell Apoptosis

To determine the level of advancement of the apoptosis process, a Muse Cell Ana-
lyzer and Muse Annexin V & Dead Cell Kit (Luminex, Commercial Ave, Northbrook, IL)
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were used. Analysis was performed using a dead cell marker and calcium-dependent
phospholipid-binding protein Annexin V and 7-AAD according to the manufacturer’s
instructions (Muse Annexin V & Dead Cell Kit Catalog No. MCH100105). Briefly, after
each experiment, cells were trypsinised and 100 uL of cells suspensions were prepared
for analysis. Next, 100 pL of Annexin V & Dead Cell Reagent was added to each sample
and mixed. Samples were stained for 20 min in the dark and then analysed with the
Muse Cell Analyzer. Each experiment was performed in triplicate and the mean value
was determined.

2.6. Statistical Analysis

Statistical analysis was performed using R software version 4.1.0. and RStudio Version
1.4.1717 supported by the following packages: rstatix [26], ggplot2 [27] and dplyr [28].
Differences in melanoma cell metabolic activity between extract groups were evaluated, as
well as the correlation between extract concentration and cancer cell metabolic activity. The
Shapiro-Wilk test for normality of distribution was performed (p = 0.010). As the data were
not normally distributed, the Kruskall-Wallis test was selected to evaluate the differences
in metabolic activity between extract groups. The Spearman correlation test was performed
to evaluate correlation between extract concentration and cancer cell metabolic activity.
Numerical variables with abnormal distribution are described by median (interquartile
range) [29].

3. Results and Discussion

This study is oriented towards a sustainable concept of utilisation of the whole hemp
plant by integrating a pretreatment process to separate different parts of the hemp plant.
This results in the high content of cannabinoids in specific fractions such as fractions B, C
and D. This is a prerequisite for a high-quality extract with specific components.

Table 2 and Figure 1 show percentages based on the input material (material A),
representing 100% of the material. Figure 1 shows that material A, constituting 100% of the
weight, was placed in a rotary drum (2). In total, 66.23% of the material was sieved through
the sieve (2), and 33% remained in the drum. In the first stage of sowing, 0.77% of the
material was lost. The mass that fell through the first sieve (2) was sieved through a second
sieve, a sowing disc with slope (3), leaving 61.13% on the sieve (3). In addition, 4.49% of
the material fell separately in two parts into the collection container (4). The first part of
the collection container (4) contained 3.74% of the material, and the second part contained
0.75% of the material. The loss of material in this stage was 0.61%. In the third screening
stage, the material F that remained on the drum when screened through the sieve (2), i.e.,
33%, was screened through a closed shaker with a sieve (5). Out of this, 5.3% was sieved
and 27% remained on the sieve (seed). In the last stage, 0.7% of the material was lost.

Table 2. Percentages of fractions obtained by seeding.

Materials of Hemp A B C D E G H
Percentage of sieved material [%] 100 66.23 3.74 0.75 61.13  27.00 5.30

It was observed that the loss of material during seeding was relatively low (2.08%).
Therefore, by analysing the material loss, it was proved that the process itself is economical
in terms of material loss.

Table 3 shows yields after extraction. Our assumptions about the maximum content of
cannabinoids in the extract, obtained from material C, were confirmed by the LC-MS/MS
analysis (Table 4). Despite the process of separation of hemp parts resulting in the lowest
amount of fraction C (Table 3; 3.74%), the yield was significantly higher (Table 3); 19%. It
was also found that the extracts obtained from material C contained the highest levels of
cannabinoids, especially CBD components (EC = 49.5%).
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Table 3. Yields obtained after extraction.
Extraction Yields [%] Hemp Extract Label

5.75 +0.23 EA

5.32 +0.11 EB

18.95 +1.13 EC

19.01 4+ 0.99 ED

3.62 +0.76 EE

25.44 + 1.39 EG

2.98 4+ 0.67 EH

Table 4. Cannabinoids of hemp extracts.
Cannabinoids
Hemp
CBC CBD CBDA CBGA CBN THC THCA
Extract
[%] of Components in Extracts

EA 0.510 & 0.007 27.137 £ 0.745 1.075 £0.033  0.080 £0.003 0.053 £0.001 0.923 +0.012 0.070 % 0.002
EB 1.053 £+ 0.023 45.363 £+ 0.621 2.788 £ 0.054 1.348 +0.003 0.101 +0.001  1.409 4+ 0.029 ND
EC 1.399 £+ 0.018 49.514 £+ 0.922 3.627 £ 0.046 1.071 +£0.012 0.149 +0.007  1.474 £+ 0.01 ND
ED 0.912 +0.013 39.438 + 1.508 3430 +0.052 1.436 +0.019 0.139 +0.003 1.452 £ 0.053 ND
EE 0.736 4+ 0.009 36.759 + 0.483 0.704 +0.022  0.027 4+ 0.001 ND 0.939 + 0.016 ND
EG ND ND ND ND ND NDN ND
EH 0.151 +0.005 4.437 £+ 0.102 3.337 £0.086 0.314 +0.003 0.301 +0.002 0.201 £ 0.016 ND

Table 4 presents the cannabinoid contents in hemp extracts (percentage of selected
cannabinoids (CBD, THC) per gram of extract. The ratios of cannabinoids in the plant and
later in the extract depend on the type of plant, harvest, weathering, etc. [30]. Therefore,
the results are difficult to compare with other studies because the literature is scarce on
studies of the separation of a plant into fractions. Nevertheless, in general, our results can
be compared with the literature based on material A and material E. It is reported that the
content of CBD in the extracts after decarboxylation is between 30% and 40% [31,32]. In this
study, the content of CBD in the hemp extract from material A was EA = 27.1%, whereas
the content of CBD in extract from material E was 36.8% (EE). The higher contents were
achieved in extracts from materials B, C and D, where almost 50% of the CBD component
was measured in the hemp extract from material C (EC).

The increasing need for recycling and supplies from the planet is met by this novel
approach, the screening process, which represents the innovativeness of this process. It is
essential that a minimum amount of solvent is used in the recovery process and to have as
little waste as possible. Therefore, as a solution, we present the process of sieving hemp,
where every fraction can be used.

According to the results, the most suitable materials for extraction are material C and
material D (for extraction of world-famous hemp resin). Material E would be suitable
for use as tea, as it retains enough cannabinoids despite sieving [33]. Hemp oil, which
has been known on the market for some time, is obtained from material G [34]. The
waste, material H, would be interesting to research further in terms of fibre content. Hemp
fibres are used in technical textiles (ropes, nets, tents, sails, carpets, etc.), textiles (clothing,
footwear, tablecloths, bedspreads, bedding, etc.), industry and construction (geotextiles, bio
composites, nonwovens, pipes, moulding, insulation, etc.) [9,10,35]. Stems can also be used
for energy and in the environment (biofuel, ethanol, anti-erosion textiles), paper industry
(cardboard, fine/coarse paper, filters), agriculture (mulch, animal litter), etc. [36,37]. In
this study, the focus was on the fraction that contained the most cannabinoids (EC). In the
future, it would be interesting to study the benefits of other fractions for humans.

Effect of the Extract on Metastatic Skin Cancer Cells and Normal Human Epidermal Melanocytes

The extracts (EA, EB, EC, ED, EE, EG and EH) were applied to WM-266-4 melanoma
cells at different concentrations. The minimum concentration at which significant inhibition
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of cancer cell division or activity occurred was 0.005 mg/mL. The exception was the
EC extract, where the required concentration was even lower than in the other cases
(0.001 mg/mL). At a concentration of 0.001 mg/mL, the metabolic activity of cancer cells
was only 11.74% compared to the control (Figure 4). ED and EB extracts also showed a
significant decrease in cancer cell function at a concentration of 0.001 mg/mL (Figure 4),
but with slightly higher percentages of cell metabolic activity (approx. MA (ED) = 30% and
MA (EB) = 50%) than at higher concentrations (e.g., 0.005 mg/mL).

100

80
0 0.001 0.005 0.01

60

MA [% according to the control]

i EG
40} - EH
: ~EE
: JER—
20; EA EB
! 3 ED
i EC
0.
0 0.1 0.2 0.3 0.4 0.5 0.6

¢ [mg/mL]

Figure 4. Metabolic activity of melanoma cells WM-266-4 at different concentrations of extracts (EA,
EB, EC, ED, EE, EG and EH).

The Kruskall-Wallis test confirmed significant differences between the metabolic activ-
ity of cancer cells after application of different extracts (H(6) = 45.264, p < 0.001). Regardless
of the added concentration of the extract, the metabolic activities of the cancer cells dif-
fered from each other with respect to the added extract, as shown in Figures 4 and A1l.
The median MAs of the samples EA, EB, EC and ED were below 20% of MA accord-
ing to control. Cell growth was most inhibited by the EC extract, which had a median of
11.7 (11.7, 11.7)% of MA according to control. The EE extract had a median of
31.1 (30.0, 33.0)% of MA according to control. Least effective were the EH extract with
a median of 48.5 (47.8, 50.8)% of MA and EG with a median of 50.0 (50.0, 57.5)% of MA
according to control.

The metabolic activity of all tested cells decreased in the concentration range from 0 to
0.01 mg/mL, but at higher concentrations of the extract the metabolic activity stabilised
in the median range corresponding to the control, which is also shown on Figure A2. The
Spearman correlation test showed a statistically significant, strong, inverse relationship
between extract concentration and metabolic activity of cells in the range of 0 to 0.01 mg/mL
(r=-0.767, p < 0.001).

To investigate the extent of apoptotic cell death, WM-266-4 cells were treated with EC ex-
tract at different concentrations (c; =3 x 1073 mg/mL,c; =2 % 103 mg/mL, c3 = 103 mg/mL,
c4 =7 x 10~* mg/mL) and cells were stained with Muse™ Annexin V & Dead Cell Reagent
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and recorded using the Muse™ Cell Analyzer. Representative results of the assay with
untreated WM-266-4 cells are represented in Figure 5e) and WM-266-4 cells treated with
EC extract of following concentration are shown: c1 (a), ¢z (b), c3 (c) and c4 (d).

a) b) c)
Dead Late Apop./Dead| [Dead Late Apop./Dead| [Dead

Late Apop./Dead]

Live © Early Apop.] |Live Early Apop. | |Live Early Apop.

Dead Late Apop./Deadl Dead Late Apop./Deadl

Live * Early Apop.

d)

Figure 5. Annexin V/7-AAD staining in melanoma WM-266-4 cells. Cells treated with EC extract of
concentration (a) 3 x 1072 mg/mL, (b) 2 x 1073 mg/mL, (c) 103 mg/mL, (d) 7 x 10~* mg/mL and
(e) untreated cells.

The graph in Figure 6 shows the percentage of live, early apoptotic, late apoptotic and
cellular debris represented by Annexin(—)7-AAD(—), Annexin(+)7-AAD(—), Annexin(+)7-
AAD(+) and Annexin(—)7-AAD(+), respectively. Data are presented as mean £ SD of three
independent experiments.

120

100

=g live
80 c4
60 c3
I
40 z c2
Ecl
20
0 T Rl . = A

Annexin(-) 7-AAD(-) Annexin(+) 7-AAD(-) Annexin(+) 7-AAD(+) Annexin(-) 7-AAD(+)

Percentage of cells

Figure 6. Cell distribution; effect of hemp (EC) extract on activation of apoptosis in WM—266—4 cells
(c1=3 x 1073 mg/mL, c; =2 x 1073 mg/mL, c3 = 1073 mg/mL, ¢, =7 x 10~* mg/mL).
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The most potent hemp extract (EC) was used for measurements at a higher concentra-
tion (Figure 7). The EC extract was applied to melanoma cells WM-266-4 and compared
with normal human epidermal melanocytes (NHEMs). NHEMs are pigment-producing
cells located at the basal level of the epidermis. Their function is to communicate with
keratinocytes via cellular processes (dendrites). Melanocytes produce melanin (a pigment),
which is transferred to the keratinocytes and stored in melanosomes located around the
nucleus for protection against UV radiation [38].

WM-266-4
NHEM

according to the control]

MA [%

0 03 024 02 0.16 107 610 410 310 10 5102 3103 2103 103 104 5104 310* 104

¢ [mg/mL]
Figure 7. Metabolic activity of melanoma cells WM —266—4 at different concentrations of EC.

In Figure 7, it can be seen that the metabolic activity of cancer cells (WM-266-4) at an
extract concentration of 10~3 mg/mL is only approximately MA = 11.60%, whereas normal
human epidermal melanocytes had a metabolic activity of 97.05% at this concentration.
There was no significant difference with the control (MA = 100%). An example of cells
morphology (WM-266-4 and NHEMs) using EC extract at 1073 mg/mL is shown in Figure 8.
Figure 8b,d shows the controls, i.e., the cells in the complete medium. The morphology
of NHEMs when the extract is applied at a concentration of 1072 mg/mL (Figure 8a) and
that of the control samples are the same. In contrast, there is a significant difference in the
morphology of metastatic cells. When the extract was applied to metastatic cells (Figure 8c),
they lost their original morphology.

EC extract was confirmed as the best for our work in these studies. The selected
screen fraction (material C) of dried industrial hemp was extracted using two methods
(by supercritical fluid CO; at the 350 bar and 60 °C and by ultrasonic extraction with
EtOH); both extracts were mixed in a 1:1 ratio. In the current study, dried hemp was further
decarboxylated, which contributed to an even higher cannabinoid content in the extract
(e.g., the CBD content was measured at 49.5%).

An anticytotoxic effect was also observed for EC extract. When applied to melanoma
cells WM-266-4 and normal human epidermal cells (at a concentration of 0.001 mg/mL), it
showed significant inhibition of melanoma (MA = 11.7%) and at the same time no effect on
normal cells (MA = 97.1%).
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R
100 um

c=10%mg/mL control (NEM)

¢=10"mg/mL control (WM-266-4)

Figure 8. (a) Normal human epidermal melanocytes in medium; (b) normal human epidermal
melanocytes with applied extract (103 mg/mL); (¢) human melanoma cells WM-266-4; (d) human
melanoma cells WM-266-4 with applied extract (103 mg/mL).

4. Conclusions

The study was concerned with the determination of optimal procedures for the pro-
duction and extraction of industrial hemp material. The results show that hemp screening
plays a crucial role in obtaining a high-quality extract. Zero waste is achieved with the
prescreening process, which is in line with sustainable development. The study confirmed
significant differences between extracts of different plant materials against cancer cells
(H(6) = 45.264, p < 0.001). For all extracts in the range of 0 to 0.01 mg/mL of the applied
extract, a statistically significant, strong, inverse relationship between the extract concen-
tration and the metabolic activity of cells (r = —0.767, p < 0.001) was confirmed. The most
pronounced anticancer effect was determined for hemp extract (EC). When applied to
WM-266-4 cancer cells (c = 1073), the EC extract inhibited their activity by 88.3%, which
means that there is a possibility that the cells were destroyed. This was also confirmed
by the apoptosis results, which showed 97% late apoptosis represented by (+)7-AAD(+)
when the extract was applied at a concentration of 10~ mg/mL. However, these results
are supported by the results obtained in healthy cells (NHEMs), in which the selected
extract did not inhibit their activity. In addition to all these results, the screening process
showed the possibility of using the entire plant and reducing waste during processing. The
process used is novel in hemp processing. It is assumed that the significant inhibition was
achieved precisely because of the high content of the CBD, which was measured at 49.5%
in the extract mixture. The content of other cannabinoid compounds was much lower
(CBC = 1.40%, CBN = 0.15%, THC = 4.47%), but they have many therapeutic effects on the
body, such as anticancer and antimicrobial effects [21,23,39,40].

The process is considered as waste-free and consequently economical, as the sieved
fractions yield cannabinoid-rich material. Therefore, less solvent is used. Furthermore,
the article provides new solutions for the valorisation of the whole plant, waste and by-
products, thus contributing to minimal waste generation or fulfilling the popular “zero
waste concept” to meet today’s needs and demands of consumers and society.
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Appendix A
100-

75-

50-

MA [% according to the control]

25-

' '
EG EH

m.
m

EA EB EC ED
extract

Figure A1. Comparison of cancer cell metabolic activity in % according to control between different
hemp extracts.

100-

= 75-

3 Extract
& EA
5

e - EB
2 - EC
g 50- - ED
(5]

g - EE
2 EG
<

> EH

25-

. ' ' ) \
0.0000 0.0025 0.0050 0.0075 0.0100
extract concentration

Figure A2. Correlation of extract concentration and cancer cell metabolic activity in % according to
control of different hemp extracts.



Plants 2022, 11, 1749 13 of 14

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.
26.
27.
28.
29.

Pellati, F.; Borgonetti, V.; Brighenti, V.; Biagi, M.; Benvenuti, S.; Corsi, L. Cannabis sativa L. and Nonpsychoactive Cannabinoids:
Their Chemistry and Role against Oxidative Stress, Inflammation, and Cancer. Available online: https://www.hindawi.com/
journals/bmri/2018/1691428/ (accessed on 28 June 2019).

Ahmed, A. TM.F; Islam, M.Z.; Mahmud, M.S.; Sarker, M.E.; Islam, M.R. Hemp as a Potential Raw Material toward a Sustainable
World: A Review. Heliyon 2022, 8, €08753. [CrossRef]

Crini, G.; Lichtfouse, E. Sustainable Agriculture Reviews 42: Hemp Production and Applications. Springer Nature: Cham,
Switzerland, 2020; ISBN 978-3-030-41384-2.

Ranalli, P; Venturi, G. Hemp as a Raw Material for Industrial Applications. Euphytica 2004, 140, 1-6. [CrossRef]

Karus, M.; Vogt, D. European Hemp Industry: Cultivation, Processing and Product Lines. Euphytica 2004, 140, 7-12. [CrossRef]
Aladi¢, K.; Jarni, K.; Barbir, T.; Vidovi¢, S.; Vladié, J.; Bili¢, M.; Joki¢, S. Supercritical CO, Extraction of Hemp (Cannabis sativa L.)
Seed Oil. Ind. Crops Prod. 2015, 76, 472-478. [CrossRef]

Aladi¢, K.; Joki¢, S.; Moslavac, T.; Tomas, S.; Vidovig, S.; Vladi¢, J.; Subari¢, D. Cold Pressing and Supercritical CO, Extraction of
Hemp (Cannabis sativa) Seed Oil. Chem. Biochem. Eng. Q. 2014, 28, 481-490. [CrossRef]

Frassinetti, S.; Gabriele, M.; Moccia, E.; Longo, V.; Di Gioia, D. Antimicrobial and Antibiofilm Activity of Cannabis sativa L. Seeds
Extract against Staphylococcus aureus and Growth Effects on Probiotic Lactobacillus spp. LWT 2020, 124, 109149. [CrossRef]
Exergy-Based Efficiency and Renewability Assessment of Biofuel Production | Environmental Science & Technology. Available
online: https://pubs.acs.org/doi/abs/10.1021/es048721b?casa_token=vwFUUtQJBnIAAAAA:n2e0IbOJjuFPosYddXe56M_{7
oRiR66ntdc8Pd3MZ_vHokyhv_pCcWQdtPuy2jOoeQah8SfMvxSMR]JoC9Q (accessed on 13 February 2022).

Alcheikh, A. Advantages and Challenges of Hemp Biodiesel Production: A Comparison of Hemp vs. Other Crops Commonly
Used for Biodiesel Production. Master’s Thesis, University of Gavle, Gavle, Sweden, 2015.

Hartsel, J.A.; Eades, J.; Hickory, B.; Makriyannis, A. Chapter 53—Cannabis sativa and Hemp. In Nutraceuticals; Gupta, R.C., Ed.;
Academic Press: Boston, MA, USA, 2016; pp. 735-754; ISBN 978-0-12-802147-7.

Lin, J.-Y,; Zeng, Q.-X.; An, Q.; Zeng, Q.-Z.; Jian, L.-X.; Zhu, Z.-W. Ultrasonic Extraction of Hempseed Oil. J. Food Process Eng. 2012,
35, 76-90. [CrossRef]

European Parlament. Direktiva 2009/32/ES Evropskega parlamenta in Sveta z dne 23. aprila 2009 o priblizevanju zakonodaj drZav ¢lanic
na podrocju ekstrakcijskih topil, ki se uporabljajo pri proizvodnji Zivil in njihovih sestavin (prenovitev) (Besedilo velja za EGP); European
Comission: Brussels, Belgium, 2009.

Ahmed, S.A.; Ross, S.A.; Slade, D.; Radwan, M.M.; Zulfigar, E; Matsumoto, R.R.; Xu, Y.-T,; Viard, E.; Speth, R.C.; Karamyan, V.T;
et al. Cannabinoid Ester Constituents from High-Potency Cannabis sativa. ]. Nat. Prod. 2008, 71, 536-542. [CrossRef]
Aizpurua-Olaizola, O.; Soydaner, U.; Oztiirk, E.; Schibano, D.; Simsir, Y.; Navarro, P; Etxebarria, N.; Usobiaga, A. Evolution of
the Cannabinoid and Terpene Content during the Growth of Cannabis sativa Plants from Different Chemotypes. J. Nat. Prod. 2016,
79, 324-331. [CrossRef]

Ibrahim, E.A.; Wang, M.; Radwan, M.M.; Wanas, A.S.; Majumdar, C.G.; Avula, B.; Wang, Y.-H.; Khan, L A.; Chandra, S.; Lata, H,;
et al. Analysis of Terpenes in Cannabis sativa L. Using GC/MS: Method Development, Validation, and Application. Planta Med.
2019. [CrossRef]

Izzo, A.A.; Borrelli, F.; Capasso, R.; Di Marzo, V.; Mechoulam, R. Non-Psychotropic Plant Cannabinoids: New Therapeutic
Opportunities from an Ancient Herb. Trends Pharmacol. Sci. 2009, 30, 515-527. [CrossRef]

Hill, A.J.; Williams, C.M.; Whalley, B.J.; Stephens, G.]J. Phytocannabinoids as Novel Therapeutic Agents in CNS Disorders.
Pharmacol. Ther. 2012, 133, 79-97. [CrossRef]

Russo, E.B. Taming THC: Potential Cannabis Synergy and Phytocannabinoid-Terpenoid Entourage Effects. Br. J. Pharmacol. 2011,
163, 1344-1364. [CrossRef]

Bonini, S.A.; Premoli, M.; Tambaro, S.; Kumar, A.; Maccarinelli, G.; Memo, M.; Mastinu, A. Cannabis sativa: A Comprehensive
Ethnopharmacological Review of a Medicinal Plant with a Long History. J. Ethnopharmacol. 2018, 227, 300-315. [CrossRef]
Khan, B.A.; Wang, J.; Warner, P.; Wang, H. Antibacterial Properties of Hemp Hurd Powder against E. coli. J. Appl. Polymer Sci.
2015, 132. [CrossRef]

Carrier, S. The Process of Decarboxylation. Canabo Med. Clin. 2017.

Zitek, T; Leitgeb, M.; Golle, A.; Daris, B.; Knez, 7.; Knez Hrn&i¢, M. The Influence of Hemp Extract in Combination with Ginger
on the Metabolic Activity of Metastatic Cells and Microorganisms. Molecules 2020, 25, 4992. [CrossRef]

Appendino, G.; Giana, A.; Gibbons, S.; Maffei, M.; Gnavi, G.; Grassi, G.; Sterner, O. A Polar Cannabinoid from Cannabis sativa Var.
Carma. Natural Product Communications 2008, 3, 1934578X0800301207. [CrossRef]

Wasim, K.; Haq, L.; Ashraf, M. Antimicrobial Studies of the Leaf of Cannabis sativa L. Pak. ]. Pharm. Sci. 1995, 8, 29-38.
Kassambara, A. Rstatix: Pipe-Friendly Framework for Basic Statistical Tests, 2021.

Wickham, H. Ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016; ISBN 978-3-319-24277-4.
Wickham, H.; Frangois, R.; Henry, L.; Miiller, K.; R Studio. Dplyr: A Grammar of Data Manipulation; R Studio: Boston, MA, USA, 2022.
Descriptive Statistics Part 1: Levels of Measurement and Measures of Central Tendency. Available online:
https:/ /www.taylorfrancis.com/chapters/mono/10.4324 /9781315771113-13 / descriptive-statistics-part-1-levels-measurement-
measures-central-tendency-gareth-hagger-johnson (accessed on 13 December 2021).


https://www.hindawi.com/journals/bmri/2018/1691428/
https://www.hindawi.com/journals/bmri/2018/1691428/
http://doi.org/10.1016/j.heliyon.2022.e08753
http://doi.org/10.1007/s10681-004-4749-8
http://doi.org/10.1007/s10681-004-4810-7
http://doi.org/10.1016/j.indcrop.2015.07.016
http://doi.org/10.15255/CABEQ.2013.1895
http://doi.org/10.1016/j.lwt.2020.109149
https://pubs.acs.org/doi/abs/10.1021/es048721b?casa_token=vwFUUtQJBnIAAAAA:n2e0IbOJjuFPosYddXe56M_f7oRiR66ntdc8Pd3MZ_vHokyhv_pCcWQdtPuy2jOoeQah8SfMvxSMRJoC9Q
https://pubs.acs.org/doi/abs/10.1021/es048721b?casa_token=vwFUUtQJBnIAAAAA:n2e0IbOJjuFPosYddXe56M_f7oRiR66ntdc8Pd3MZ_vHokyhv_pCcWQdtPuy2jOoeQah8SfMvxSMRJoC9Q
http://doi.org/10.1111/j.1745-4530.2010.00601.x
http://doi.org/10.1021/np070454a
http://doi.org/10.1021/acs.jnatprod.5b00949
http://doi.org/10.1055/a-0828-8387
http://doi.org/10.1016/j.tips.2009.07.006
http://doi.org/10.1016/j.pharmthera.2011.09.002
http://doi.org/10.1111/j.1476-5381.2011.01238.x
http://doi.org/10.1016/j.jep.2018.09.004
http://doi.org/10.1002/app.41588
http://doi.org/10.3390/molecules25214992
http://doi.org/10.1177/1934578X0800301207
https://www.taylorfrancis.com/chapters/mono/10.4324/9781315771113-13/descriptive-statistics-part-1-levels-measurement-measures-central-tendency-gareth-hagger-johnson
https://www.taylorfrancis.com/chapters/mono/10.4324/9781315771113-13/descriptive-statistics-part-1-levels-measurement-measures-central-tendency-gareth-hagger-johnson

Plants 2022, 11, 1749 14 of 14

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ferrante, C.; Recinella, L.; Ronci, M.; Menghini, L.; Brunetti, L.; Chiavaroli, A.; Leone, S.; Di Iorio, L.; Carradori, S.; Tirillini, B.;
et al. Multiple Pharmacognostic Characterization on Hemp Commercial Cultivars: Focus on Inflorescence Water Extract Activity.
Food Chem. Toxicol. 2019, 125, 452-461. [CrossRef]

Moreno, T.; Montanes, F.; Tallon, S.J.; Fenton, T.; King, ].W. Extraction of Cannabinoids from Hemp (Cannabis sativa L.) Using
High Pressure Solvents: An Overview of Different Processing Options. J. Supercritical Fluids 2020, 161, 104850. [CrossRef]
Marinotti, O.; Sarill, M. Differentiating Full-Spectrum Hemp Extracts from CBD Isolates: Implications for Policy, Safety and
Science. J. Diet. Suppl. 2020, 17, 517-526. [CrossRef]

Hazekamp, A.; Bastola, K.; Rashidi, H.; Bender, J.; Verpoorte, R. Cannabis Tea Revisited: A Systematic Evaluation of the
Cannabinoid Composition of Cannabis Tea. |. Ethnopharmacol. 2007, 113, 85-90. [CrossRef]

The Composition of Hemp Seed Oil and Its Potential as an Important Source of Nutrition: Journal of Nutraceuticals, Functional &
Medical Foods: Vol 2, No 4. Available online: https://www.tandfonline.com/doi/abs/10.1300/]J133v02n04_04 (accessed on
12 May 2020).

Charai, M.; Sghiouri, H.; Mezrhab, A.; Karkri, M. Thermal Insulation Potential of Non-Industrial Hemp (Moroccan Cannabis
sativa L.) Fibers for Green Plaster-Based Building Materials. J. Clean. Prod. 2021, 292, 126064. [CrossRef]

van der Werf, H.M.G.; Harsveld van der Veen, ].E.; Bouma, A.T.M.; ten Cate, M. Quality of Hemp (Cannabis sativa L.) Stems as a
Raw Material for Paper. Ind. Crops Prod. 1994, 2, 219-227. [CrossRef]

Butsic, V.; Brenner, ].C. Cannabis (Cannabis sativa or C. Indica) Agriculture and the Environment: A Systematic, Spatially-Explicit
Survey and Potential Impacts. Environ. Res. Lett. 2016, 11, 044023. [CrossRef]

Ando, H.; Niki, Y; Ito, M.; Akiyama, K.; Matsui, M.S.; Yarosh, D.B.; Ichihashi, M. Melanosomes Are Transferred from Melanocytes
to Keratinocytes through the Processes of Packaging, Release, Uptake, and Dispersion. |. Investig. Dermatol. 2012, 132, 1222-1229.
[CrossRef]

Fathordoobady, F; Singh, A.; Kitts, D.D.; Singh, A.P. Hemp (Cannabis sativa L.) Extract: Anti-Microbial Properties, Methods of
Extraction, and Potential Oral Delivery. Food Rev. Int. 2019, 35, 664—684. [CrossRef]

Hong, S.; Sowndhararajan, K.; Joo, T.; Lim, C.; Cho, H.; Kim, S.; Kim, G.-Y.; Jhoo, ].-W. Ethanol and Supercritical Fluid Extracts of
Hemp Seed (Cannabis sativa L.) Increase Gene Expression of Antioxidant Enzymes in HepG2 Cells. Asian Pacific . Reprod. 2015,
4,147-152. [CrossRef]


http://doi.org/10.1016/j.fct.2019.01.035
http://doi.org/10.1016/j.supflu.2020.104850
http://doi.org/10.1080/19390211.2020.1776806
http://doi.org/10.1016/j.jep.2007.05.019
https://www.tandfonline.com/doi/abs/10.1300/J133v02n04_04
http://doi.org/10.1016/j.jclepro.2021.126064
http://doi.org/10.1016/0926-6690(94)90039-6
http://doi.org/10.1088/1748-9326/11/4/044023
http://doi.org/10.1038/jid.2011.413
http://doi.org/10.1080/87559129.2019.1600539
http://doi.org/10.1016/S2305-0500(15)30012-9

	Introduction 
	Materials and Methods 
	Pretreatment of Hemp 
	Extractions 
	Determination of Cannabinoids with LC-MS/MS Method 
	Metabolic Activity of Metastatic Melanoma Cells WM-266-4 and Normal Human Epidermal Melanocytes upon Application of the Extracts 
	Detection of Cell Apoptosis 
	Statistical Analysis 

	Results and Discussion 
	Conclusions 
	Appendix A
	References

