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Abstract: This study evaluated the volatile components
of Cannabis sativa L. essential oils (CSEOs) and their
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pharmacological potential in vitro, in animal, and in silico.
The anti-oxidant capacities of volatile compounds were
tested using 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric
reducing antioxidant power (FRAP), total anti-oxidant capa-
city (TAC), and gas chromatography-mass spectrometry (GC-
MS). Anti-microbial activity against bacterial and fungal
strains was assessed using disk diffusion and micro-dilution,
and acute toxicity was examined on mice using OECD 423
criteria. The results indicate that the main components were
B-caryophyllene (31.54%), a-humulene (12.62%), B-myrcene
(4.83%), and o-pinene (4.69%). The essential oil showed
high anti-oxidant ability (IC5, = 0.981 + 0.059 mg/ml for
DPPH, ECs, = 1.74 + 0.05 for FRAP), and TAC of 0.101 +
0.001 mg AAE/g. Additionally, it showed significant anti-
bacterial action against Gram-negative organisms, such as
Escherichia coli (11.33 + 0.00 mm), Klebsiella pneumonia (9 +
0.00 mm), and Pseudomonas aeruginosa (9.34 + 0.00), with
MICs ranging from 0.0052 to 0.0208 mg/CSEO demonstrated
antifungal activity against Candida albicans and Fusarium
proliferatum, with activity levels of 18.66 + 0.88 mm, 41.89 +
3.60%, and MICs of 0.39 and 0.013mg/ml, respectively. In
toxicological studies, CSEO proved to be safe for animals.
Docking identified bioactive components and explored
anti-oxidant and antibacterial properties. Docking proved
that bulnesol and champacol caused indicated actions.

Keywords: antimicrobial, antioxidant, Cannabis sativa L.,
essential oils, GC-MS, toxicity

1 Introduction

Folk medicine encompasses medical knowledge systems
that have evolved over successive generations [1] From
ancient times, people worldwide have been exploring
nature in search of remedies to treat their illnesses [2].
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Cannabis sativa L. is a plant of the Cannabaceae family
and has been utilized for centuries across various domains
such as recreation, textiles, religious practice, food, and
medicine [3]. Historically, it has been primarily grown
and cultivated in Central Asia, particularly in India and
China, since ancient times [4]. In Morocco, the cultivation
of Cannabis sativa L. was banned due to concerns regarding
its addictive and psychoactive qualities. However, since 2021
it has become permissible for medicinal and cosmetic uses
[5]. In terms of its chemical composition, 565 natural com-
pounds have been identified in Cannabis sativa L. [6],
including the cannabinoids, flavonoids, terpenes, and alka-
loids, that were characterized by important therapeutic
benefits such as relief of pain, antiinflammatory [7], antie-
pileptic and appetite [5-8]. The majority of these elements
have not undergone assessment for their pharmacological
effects [9].

The emergence of oxidative stress is a key factor in the
initiation of numerous chronic diseases. Herbs regarded as
a natural reservoir of anti-oxidants, such as polyphenols,
terpenoids, and flavonoids, have been identified for their
robust anti-oxidant properties, capable of mitigating oxida-
tive stress and thereby preventing the onset of various
diseases [2,10]. Presently, the challenges associated with
microbial resistance to antibiotics are increasing [11] due
to several factors, including the inappropriate use of anti-
biotics in human health, animal husbandry, and hygiene
practices [12]. If no treatment interventions are imple-
mented to control anti-microbial resistance (AMR), it is
projected that deaths resulting from AMR infections could
reach 10 million by the year 2050 and such a scenario would
have a significant and adverse impact on the economy [13].
These global challenges have prompted researchers to find
natural products with a wide range of anti-microbial and
anti-oxidant properties.

Essential oils (EOs) consist of a mixture of various
components that capture the aromatic essence of plants.
Around 3,000 EOs have been identified, with approxi-
mately 300 holding economic importance, especially in
the cosmetic, culinary, and pharmaceutical industries [14].
EOs are recognized for their extensive biological and phar-
macological properties, which include antibacterial, anti-
fungal, and anti-oxidant properties [15].

Cannabis areal part contains a variety of terpenes,
which are responsible for much of the scent of cannabis,
and contribute characteristically to the unique flavor qua-
lities of cannabis products [16]. These lipophilic volatile
compounds have the ability to easily cross cellular mem-
branes and the blood-brain barrier, potentially contri-
buting to the pharmacological effects observed in various
cannabis preparations [17].
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The aerial part of Cannabis sativa L. essential oil
(CSEO) obtained by hydro-distillation, typically consisting
of volatiles and aromatic terpenes, was the subject of few
studies in terms of anti-microbial and anti-oxidant activ-
ities [18]. Therefore, the purposes of the study were to
evaluate the in vitro anti-oxidant and anti-microbial activ-
ities, pinpoint the specific components within the Mor-
occan CSEO responsible for these activities, and to study
for the first time its safety. Concurrently with in vitro and
in vivo investigation, in silico simulations incorporating
molecular docking and pharmacokinetic assessments
(ADME) were conducted to predict the interactions between
molecules identified in gas chromatography-mass spectro-
metry (GC-MS) analysis and target biomolecules and to
assess the various pharmacokinetic characteristics (ADME)
of CSEO.

2 Materials and methods

2.1 Plant material

Cannabis sativa L. plant was harvested during the inflor-
escence stage from the Tafrant region, Taounate, Morocco
(34°3928.4" N 5°05'58.9” W), in September 2021. The plant
was identified by a botanist at the Scientific Institute of
Rabat, and a voucher specimen with the number RAB
112735 was deposited in the Institute herbarium.

2.2 EO distillation

The extraction of air-dried inflorescences and leaves of can-
nabis sativa L. plant was conducted using hydro-distillation
in Clevenger-type equipment [19]. In a 2,000 ml flask, a mix-
ture of 150 g of the plant sample and 1,500 ml of distilled
water was heated to a boiling point for a duration of
180 min. The obtained EO (CSEO) was dried using anhydrous
sodium sulfate and stored in amber glass vials at 4°C. The EO
yield was determined by calculating the percentage (v/w)
based on the weight of the dried plant material.

2.3 GC-MS analyses

GC-MS analysis of the CSEO was performed using a Thermo
Scientific GC system (TRACE GC ULTRA) coupled with a
mass spectrometry detector and the split injection method.
The GC was fitted with a TG-1MS capillary column (30 m x
0.25mm: film thickness: 0.25um). The temperature pro-
gram used was as follows: injector temperature, 250°C;
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interface line temperature, 250°C; and initial oven tem-
perature, 90°C. The temperature was then programmed to
increase at a rate of 1°C per minute until reaching a final
temperature of 250°C for 3 min. Helium was employed as the
carrier gas at a constant flow rate of 1.5 ml/min. To prepare
the EO for injection, 1yl of the EO was diluted in 1 ml of
cyclohexane, and a 1yl aliquot was automatically injected
using an Autosampler Model TriPlus RSH. The electron ioni-
zation energy for ionization was set at 70 eV, and the mass
range for the analysis was set between 50 and 550 m/z. The
mass spectra of the isolated components were identified
based on NIST libraries.

2.4 Anti-oxidant activity

Anti-oxidant defense mechanisms exist in all biological
systems to counteract the detrimental effects of oxidative
stress. Anti-oxidants are compounds that provide electrons
to damaged cells, preventing and stabilizing free radical-
induced damage [20].

The anti-oxidant properties of Cannabis sativa L. (CSEO)
were studied by using three in vitro complementary tests:
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scaven-
ging test, total anti-oxidant capacity (TAC), and the reducing
power.

2.4.1 DPPH

The study assessed the CSEO capacity to neutralize DPPH
radical, employing the approach described by Capan et al.
[21] with slight modification. Briefly, different solutions
with varying concentrations, ranging from 10 to 2,000 pug/ml
of CSEO, were formulated using ethanol. About 0.1 ml of
each test concentration was combined with 0.8 ml of freshly
prepared DPPH solution (0.005 g in 200 ml of ethanol abso-
lute). The resultant mixtures were vigorously vortexed and
placed in the dark for a 30-min incubation period at room
temperature, and the absorbance was recorded at 517 nm
using a spectrophotometer (UV-1700APC, China). A blank
experiment was conducted following the same procedure,
using a solution without CSEO. The scavenging (%) of DPPH
free radical by CSEO was calculated using the following
formula:

%Scavenging DPPH
_ (Control absorbance — Samples absorbance) y

100
Control absorbance

IC5o values were calculated graphically, and butylated
hydroxytoluene (BHT) and quercetin prepared under the
same conditions and concentrations were utilized as
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reference substances for comparison. The examination
was repeated three times.

2.4.2 TAC

The TAC was determined using the phosphomolybdate
technique outlined in a prior investigation [22]. The con-
centration of TAC was assessed using the equation derived
from the standard ascorbic acid curve, and the findings are
presented in milligrams of ascorbic acid equivalents per
gram of EO (mg AAE/g of EO). The experiment was con-
ducted thrice.

2.4.3 Reducing power

The reductive capability of CSEO was assessed following
the method described earlier [23]. In brief, a stock solution
of CSEO (2,000 pg/ml) was prepared in absolute ethanol. A
series of dilutions was created, resulting in ten consecutive
dilutions (10-2,000 pg/ml), and 100 ul of each concentration
was added to 200 pl of sodium phosphate buffer (0.2 M; pH
= 6.6) and 200 pl of potassium ferricyanide (1%). After 20
min of incubation at 50°C, 200 pl of distilled water, 120 ul of
0.1 % ferric chloride, and 200 ul of trichloroacetic acid
(10%) were added. The absorbance was determined at
700 nm. The test was replicated three times, with BHT
and quercetin serving as positive controls prepared under
the same conditions with the same used concentrations
(10-2,000 pg/ml), and the ECsy values were estimated
graphically.

2.5 Anti-microbial activity of CSEO
2.5.1 Microbial strains

The anti-microbial effectiveness of CSEO was evaluated
against four types of fungi (Candida albicans, Aspergillus
niger, Aspergillus flavus, and Fusarium proliferatum) and
four bacterial strains (Staphylococcus aureus, Escherichia
coli, Klebsiella pneumonia, and Pseudomonas aeruginosa)
(Table 1).

2.5.2 Antibacterial activity

The assessment of the antibacterial activity of CSEO was
carried out through the disk diffusion technique [24].
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Table 1: List of microbial strains examined

Bacterial strains Code

Staphylococcus aureus ATCC6633
Escherichia coli K12

Klebsiella pneumoniae CIP A22
Pseudomonas aeruginosa CIP 82.114
Fungal strains

Candida albicans ATCC 10231
Aspergillus niger MTCC282
Aspergillus flavus MTCC9606
Fusarium proliferatum MTCC 9913

Indeed, culture plates containing Mueller-Hinton (MH)
culture medium were individually infected with the four
tested bacterial strains using the double-layer approach.
Starting from fresh cultures of each bacterium, decimal
dilutions were created in sterile saline solution (0.9%
NaCl) until a turbidity of 0.5 McFarland (106-108 CFU/ml)
was attained. Subsequently, 100 ul of each bacterial culture
was added to separate tubes containing 5ml of soft agar
(0.5% agar—agar in MH medium). The tubes containing the
inoculated mixture were poured into Petri dishes con-
taining the MH medium. Sterile discs of Whatman paper
(6 mm in diameter) were placed at the central region of the
inoculated Petri dish and soaked in 20 pl of CSEO. Positive
controls were prepared following the identical steps,
employing the antibiotic cephalothin (30 pg/disc). The
Petri dishes with inoculated samples were incubated at
37°C, in darkness, and in a moisture-saturated environ-
ment. The inhibition diameter was determined after 24 h
of incubation [25].

2.5.3 Antifungal activity

The evaluation test for the antifungal activity of CSEO was
also conducted using the disk diffusion assay [24]. In the
case of C. albicans, we followed the same principles and
protocols that were used to assess the antibacterial activity.
However, for filamentous fungi, the antifungal activity eva-
luation was performed on Malt Extract agar medium but
through confrontation between each harmful fungus and
20 pl of oil, according to Pereira et al. [26]. Positive controls
were carried out following the same steps and using the
antifungal antibiotic Fluconazole (15mg/ml). The inocu-
lated Petri dishes were incubated in the dark and under
a humidity-saturated atmosphere at 37°C and 30°C for
C. albicans and harmful molds, respectively. The measure-
ment of the inhibition zone (IZ) diameter and determination
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of the inhibition rate were performed after 48 h of incuba-
tion for C. albicans and after 7 days of incubation for harmful
molds, respectively [25,27].

2.5.4 Determination of the minimum inhibitory
concentration (MIC)

The microdilution method, as described by Sarker et al.
[28], was employed to determine the MICs of CSEO against
the four bacterial and four fungal strains. In summary, a
microdilution process involved serially diluting the sample
by a factor of 2 in each well, with the exception of the final
well, which served as a positive control for growth. Fol-
lowing respective incubation periods of 24 h for bacteria,
48 h for C. albicans, and 7 days for A. niger, A. flavus, and
F. proliferatum at temperatures of 37°C and 30°C. MIC was
determined using the colorimetric method involving 0.2%
(w/v) 2,3,5-triphenyltetrazolium chloride [29].

2.6 Acute oral toxicity study

The Organization of Economic Cooperation and Development
Standards (OECD 423) were used to assess the acute toxicity
of CSEO [30]. Twenty-four male and female mice (20-24 g)
were supplied by the Faculty of Sciences Moulay Ismail
Meknes. They were randomly subdivided into two groups,
and each group consisted of 12 animals with an equal dis-
tribution of six males and six females in each group. After
fasting overnight, the tested group received CSEO by oral
route at a single dosage of 2 g per kilogram of body weight,
and the control group received distilled water. The groups
had unrestricted access to both food and water. Body weight
changes and general behavior were monitored daily for a
duration of 14 days. On the 15th day, all the rats underwent a
16-h fasting period before being euthanized for necropsy
examination. The heart, liver, kidneys, and spleen weights
were measured in proportion to the final body weight. Addi-
tionally, thorough visual inspections were conducted to
observe any visible abnormalities in the tissues.

2.7 Molecular docking studies

CSEO was examined through GC-MS, and its antibacterial
potential and anti-oxidant properties were assessed using
Schrodinger Glide software through docking analysis [31].
The three-dimensional structures of all the proteins, such
as crystal structure of bovine xanthine oxidase in complex
with hypoxanthine (PDB ID: 3NRZ, resolution 1.7 A), crystal
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structure of Staph GyraseB 24 kDa in complex with Novo-
biocin (PDB ID: 4URO, resolution 2.59 &), were used for the
molecular modeling and were retrieved from the website
of Protein Data Bank (http://www.rcsh.org/pdb/home/home)
[32]. The ligands being analyzed were examined for their
theoretical binding mode to observe potential intermole-
cular interactions with the receptor. The necessary protein
structures were preprocessed, optimized, and minimized
using the Protein Preparation Wizard within the Schré-
dinger software’s graphical interface, Maestro v12.8. Water
molecules identified through crystallography and forming
one or two hydrogen bonds were eliminated. Additionally,
to adjust the protein’s pH to 7.0, hydrogen atoms were incor-
porated into the structure. Restrained minimization of the
heavy atoms was conducted to achieve an RMSD cutoff of
0.30 A. The ligands (dataset) underwent preparation uti-
lizing the LigPrep module within Schrédinger v12.8. A radius
of 20 A was used to define the active site around the ligand
within the crystal structure of the proteins. In addition, a
grid box was created surrounding the centroid of the speci-
fied active site. The ligands (including the co-crystallized
ligand), along with their low-energy conformations, were
docked into the catalytic pockets of the selected anti-oxidant
and antibacterial target proteins. Structures demonstrating
the most favorable outcomes were chosen according to their
docking scores and binding energies.

2.8 ADME study in silico

The pharmacokinetic and pharmacodynamics properties
of EOs of Cannabis sativa L. were determined by employing
a freely available online software SwissADME tool.

2.9 Statistical analyses

The mean values, along with their corresponding standard
deviations, were computed utilizing GraphPad Prism 9.5
software. The obtained results were subjected to compar-
ison through a two-way ANOVA, followed by the Tukey test
as a post-hoc analysis. Any variance with a significance
level of p < 0.05 was deemed as a meaningful difference.

3 Results and discussion

3.1 EO yield

The yield of CSEO was 0.14 £ 0.03 % v/w, which aligns with
findings documented in the existing literature [33-35] and
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is lower than those obtained in previous studies [19,36-41].
CSEO yields exhibit significant variability, influenced by a
diverse array of factors, such as cultivar variety, drying
techniques, duration of extraction, choice of solvent, extrac-
tion methodology, harvesting period, and the specific plant
part utilized for extraction, as cited in earlier studies [42-44].

3.2 GC-MS analyses

The examination of the volatile composition of CSEO through
GC-MS analysis revealed the presence of 24 sesquiterpenes
(75.68%), 7 monoterpenes (17.08%), and the absence of can-
nabinoids. Out of the total identified terpenes, 22 had con-
centrations exceeding 1%, while the remaining 9 terpenes
were found in concentrations below 1% (Table 2, Figure 1).
As previously reported, sesquiterpenes and monoterpenes
were identified as the main constituents of the EO of the
majority of plants [45].

Among the sesquiterpenes, f-caryophyllene was found
to be the dominant component, constituting 31.54% of the
composition, followed by o-humulene (12.62%), elina-3,7(11)-
diene (3.36%), aromadendrene (2.94%), and caryophyllene
oxide (2.46%). In contrast, bulnesol was present as the minor
compound, making up only 0.54% of the total composition.
Additionally, it was noted that f-myrcene (4.83%), a-pinene
(4.69%), and p-limonene (3.10%) were the dominant mono-
terpenes in the CSEO.

Our results are consistent with earlier studies in the
literature concerning the EOs derived from various Cannabis
sativa L. cultivars from Morocco and other countries, and
B-caryophyllene consistently stands out as the predominant
constituent [40,41]. This result is based on the study of Novak
et al. [46] and Kumeroa et al. [47], while other works show
the presence of cannabinoids as a minor constituent in CSEO
[41,44,45]. Compared with the results obtained by El Bakali
et al. [19] and Nafis et al. [44], we worked on the same
cultivar of cannabis, and some differences in compositions
were observed, such as the presence and absence of some
minor constituents and the percentage of others. These can
be explained by the geographic provenances of the plants, as
concluded previously [48].

3.3 Anti-oxidant activity

As the anti-oxidant activity should not rely solely on one
anti-oxidant test model [49], in practice, it is advisable to
conduct multiple in vitro tests to investigate the anti-
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Table 2: Chemical composition of the CSEO
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Retention time Compounds Casn Chemical structure Chemical nature Area %
7.77 a-Pinene 80-56-8 Monoterpene 4.69
9.42 B-Pinene 127-91-3 Monoterpene 1.34
9.96 B-Myrcene 123-35-3 M\ Monoterpene 4.83
11.40 p-Limonene 5989-27-5 é j Monoterpene 3.10
"7 Eucalyptol 470-82-6 Monoterpene 0.83
(o]
121 B-OCIMENE 13877-91-3 / Monoterpene 0.76
18.11 a-Terpineol 10482-56-1 Monoterpene 1.53
OH

22 Nd — — — 2.19
2435 y-Caryophyllene 118-65-0 Sesquiterpene 1.27
24.95 B-Caryophyllene 87-44-5 Sesquiterpene 31.54
25.23 a-trans-Bergamotene 17699-05-7 Sesquiterpene 2.41

(Continued)
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Table 2: Continued

Cannabis sativa L. essential 0il == 7

Retention time Compounds Cas n Chemical structure Chemical nature Area %
25.90 (E)-B-Farnesene 18794-84-8 4 AN Sesquiterpene 1.90
26.06 a-Humulene 6753-98-6 ) Sesquiterpene 12.62
N
26.15 9-epi-B-Caryophyllene 68832-35-9 Sesquiterpene 1.36
e >
27.07 (-)-B-Selinene 17066-67-0 l Sesquiterpene 1.36
",
27.27 a-Guaiene 3691-12-1 Sesquiterpene 134
27.40 6-Guaiene 3691-11-0 ? Sesquiterpene 0.81
27.49 a-Farnesene 502-61-4 Sesquiterpene 0.84
AN X F
27.59 B-Bisabolene 495-61-4 Xl/u Sesquiterpene 0.77
I""..
|
27.93 y-Gurjunene 22567-17-5 || Sesquiterpene 0.76
27.93 B-Maaliene 36577-33-0 H Sesquiterpene 0.87
28.53 Aromadendrene 489-39-4 Sesquiterpene 2.94

(Continued)
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Table 2: Continued
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Retention time Compounds Cas n Chemical structure Chemical nature Area %
28.57 (E)-a-Bisabolene 25532-79-0 Sesquiterpene 1.41
N P
28.64 Selina-3,7(11)-diene 6813-21-4 l | Sesquiterpene 3.36
29.38 E-Nerolidol 40716-66-3 / Sesquiterpene 0.85
N N
HO
30.07 Caryophyllene oxide 1139-30-6 Sesquiterpene 2.46
30.54 Champacol 13822-35-0 H HO. Sesquiterpene 1.74
30.90 Humulene oxide II 19888-34-7 Sesquiterpene 1.02
31.25 y-Eudesmol 1209-71-8 Sesquiterpene 1.08
31.68 B-Eudesmol 473-15-4 Sesquiterpene 2.07
32.48 Bulnesol 22451-73-6 Sesquiterpene 0.54
33.01 a-Bisabolol 515-69-5 Sesquiterpene 1.72
35.66 Nd — — — 1.22
40.49 Nd — — — 0.81

(Continued)
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Table 2: Continued
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Retention time Compounds Cas n

Chemical structure

Chemical nature Area %

Monoterpenes
Sesquiterpene
Nd

Total area

17.08
75.68
4.22

96.98

Nd: not determined.

RT: 0.00 - 45.02
100

90+
80+
70+
60—
50

40+
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30+ Tqr
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414 582
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TIC MS
HE-1

2495

26.06

2864

33.01

M,/‘M»M\“JLJLUM .

32 34

35.66
| 36.70
A0

36

“‘H—/

24

38

40 42 44

Time (min)

Figure 1: GC-MS chromatogram of CSEO.

oxidant potential of the samples under investigation [49].
In this respect, three complementary colorimetric tests
were used, and the results are presented in Table 3.

DPPH is frequently employed as a reactive hydrogen
acceptor to evaluate the ability of diverse anti-oxidant
compounds derived from medicinal plants. The concentra-
tion of CSEO required to scavenge 50% of DPPH was 0.981 +
0.059 mg/ml. This value is higher than that of BHT (0.0141 +
0.001 mg/ml) and quercetin (0.120 + 0.003 mg/ml).

The results of the ferric reducing antioxidant power
(FRAP) test revealed the ability of the CSEO to convert Fe**

Table 3: Anti-oxidant activities of CSEO

DPPH (ICso FRAP (ECso TAC (mg AAE/
mg/ml) mg/ml) g EO)

CSEO 0.981 + 0.059° 1.74 £ 0.05° 0.101 + 0.001°

BHT 0.0141 + 0.001°  0.030 + 0.003° 0.055 + 0.003°

Quercetin  0.120 + 0.003¢ 0.022 + 0.001° 0.037 + 0.002°

Mean + SD in the same row followed by different letters (a,b,c) are
statistically significant, n = 3.

into Fe** with an ECsq value of 1.74 + 0.05 mg/ml. However, it
is important to note that this reducing capability was mark-
edly less potent than the synthetic standards, BHT (ECs =
0.0141 + 0.001 mg/ml) and quercetin (0.120 + 0.003 mg/ml).

The results of the TAC test indicated that the TAC of
CSEO, as well as the standards BHT and quercetin, were
0.101 + 0.001 mg AAE/g EO, 0.055 + 0.003 mg AAE/g EO, and
0.037 + 0.002 mg AAE/g EO, respectively.

The results of the anti-oxidant test reveal interesting
anti-oxidant properties, which may be attributed to varying
chemical compounds found in the oil, particularly the rela-
tively elevated percentages of B-caryophyllene and a-humu-
lene, known for their antioxidative activities [50,51], while it
is possible that other compounds like f-myrcene, a-pinene,
aromadendrene, and p-limonene could be involved with the
synergistic effect [52,53]. It is noteworthy that the results of
anti-oxidant effects are similar to those reported by Nafis
et al. [44]. Moreover, they were higher than those found in
other research studies on industrial cannabis cultivars
(Kompolti, Carmagnola Lemon, Carmagnola, Futura 75,
Gran Sasso Kush) [54,55] and lower than those in carmag-
nole, selezionata, and eletta campana cultivars investigated
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by Menghini et al. [40]. These findings provide a foundation
for future investigations that may pave the way for CSEO as
a natural anti-oxidant agent in pharmaceutical applications.

3.4 Anti-microbial activity of CSEO
3.4.1 Antibacterial activity

The anti-microbial properties of CSEO were assessed by
determining their IZ diameters and the MICs. As illustrated
in Table 4, E. coli and K. pneumonia were resistant to
cephalothin, and CSEO was noted to be active against all
bacteria strains tested, except S. aureus. The IZ and MIC
values of the EOs were significantly lower compared to
those of cephalothin. K. pneumonia was the least sensitive
strain with an IZ of 9mm and an MIC of 0.0104 mg/ml,
followed by P. aeruginosa (IZ = 9.34 mm, MIC = 0.0208 mg/ml)
and E. coli (IZ = 11.33 mm, MIC = 0.0052 mg/ml).

The antibacterial activity of EO from industrial can-
nabis is well documented in the literature [56-58]. How-
ever, researchers have paid minimal attention to studying
the cannabis drug types [29]. Nissen and coworkers eval-
uated the anti-microbial activity of EOs derived from the
flowers of three distinct varieties of C. sativa L., and single
terpenes standards. The entirety of the EOs, especially the
Futura variety, displayed notable effectiveness against
microbial strains. The terpene standard, a-pinene, showed
the highest efficacy against both Gram-positive and Gram-
negative bacteria [18]. In recent research, Iseppi et al.
detailed the chemical composition analysis of 17 CSEOs
and their antibacterial potential besides the effect of pure
compounds, such as B-caryophyllene, B-pinene, a-pinene,
B-myrcene, a-terpinolene, and cannabidiol. The findings indi-
cated significant antibacterial activity of six hemp EOs in a
strain-dependent manner, as in our case, among the pure
compounds tested, B-myrcene, B-pinene, a-pinene, and
cannabidiol, demonstrated significant antibacterial activity
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[59]. Earlier research proposed that terpenes from EO may
exert their anti-microbial effects by disrupting the cell mem-
brane [60], and the moderate antibacterial potency of CSEO
may be related to the high content of B-caryophyllene and
a-humulene potentially effective against bacterial infections
[61-63], and its terpene profile rich of a-pinene, B-pinene,
and B-myrcene [64,65]. The major and minor compounds of
CSEO may have individual or synergistic effects [44,59].

3.4.2 Antifungal activity

Fungal infections, caused by real-nucleus organisms, pre-
sent a greater challenge in both identifying their presence
and administering suitable therapeutic remedies when
compared to bacterial infections [66]. EOs have emerged
as among the most auspicious natural products for inhi-
biting fungal growth. Typically, the active anti-microbial
compounds found in EOs are terpenes, characterized by
a high lipophilic nature and relatively low molecular
weight demonstrating inefficiency as anti-microbial agents
[67,68]. Moreover, complete EOs exhibit heightened anti-
fungal activity, potentially due to certain synergistic or
antagonistic effects between terpenic components [68,69].
Numerous research works have presented intriguing findings
regarding the functional mechanisms of EOs against fungi,
such as cell membrane disruption, dysfunction of the fungal
mitochondria, inhibition of efflux pumps, and ROS produc-
tion [70], although it is still not fully understood [67].

The antifungal assay results indicate that the CSEO was
ineffective against A. niger and A. flavus. The CSEO was less
pronounced than the standard reference fluconazol. For
the other strain, F. proliferatum showed the highest sus-
ceptibility to CSEO, with an inhibition percentage of 41.89 +
3.60%. On the other hand, C. albicans exhibited lower sen-
sitivity to CSEO, with an inhibition percentage of 28.51 +
0.69%. The microdilution assay showed that the lowest MIC
was recorded for F. proliferatum (0.013 mg/ml), while
C. albicans exhibited a higher MIC value (0.39 + mg/ml).

Table 4: Antibacterial activities and MICs of CSEO and the standard (cephalothin)

Cephalothin CSEO
1Z diameters (mm) MIC (mg/ml) 1Z diameters (mm) MIC (mg/ml)
S. aureus 28 + 0.00 0.00156 + 0.00 0 —
E. coli 0 — 11.33 £ 0.00 0.0052 + 0.00
K. pneumonia 0 — 9+0.00 0.0104 + 0.00
P. aeruginosa 15 + 0.00° 0.00156 + 0.00° 9.34 + 0.00° 0.0208 + 0.00°

Mean t SD in the same row followed by a different letter (a,b) are statistically significant, n = 3; MIC: minimum inhibitory concentration; (-): resistant.
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In contrast, bioactive constituents of CSEO, including
B-caryophyllene and its isomer, a-pinene, B-pinene, f-myr-
cene, and champacol, might be behind the moderate fun-
gicidal action [61,67,69,71,72].

The outcomes of the antifungal assay support the
report of some earlier papers. Wanas et al. reported that
the volatile oil Cannabis sativa L. displayed a modest anti-
fungal potential as well as its three fractions characterized
by a-humulene, B-caryophyllene, and caryophyllene oxide
[57]. A recent study by Nafis and coworkers showed that
four Candida strains were mildly susceptible to CSEO with a
similar MIC of 9.5 mg/ml [44]. Similar results were observed
by Nissen et al., who evaluated the anti-microbial effective-
ness of three legal hemp EOs on yeast [18]. Moreover, Zengin
et al. reported that the EO of hemp was ineffective against
yeasts [41]. Likewise, the findings of Ali and his team
revealed that the oil of the cannabis seeds, the extract
obtained from the entire plant using petroleum ether, and
the methanol extract of the whole plant were inactive
against A. niger [73]

Conversely, EOs of four Cannabis sativa L. from three
industrial hemp varieties from Italy showed strong myco-
static effects toward dermatophyte strains [74]. Additionally,
the ethanolic extract of Cannabis sativa L. resins demon-
strates potent anti-yeast against S. cerevisiae, besides a
marked fungistatic activity counter F. eumartii, by the inhi-
bition of hyphae elongation and spore germination [75].

Most likely, the CSEO has a selective activity against
fungi. Continued investigation within this field may uncover
novel perspectives and contribute to the development of
sustainable and effective methods for managing fungal dis-
eases (Table 5).

3.5 Acute oral toxicity study

Examining toxicity is crucial in extensive investigations of
potential medicinal substances. It not only gauges the
safety of the drug but also establishes the maximum doses
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for therapies without harmful effects [76]. Despite the
pharmacological advantages and cosmetic potentials attrib-
uted to CSEO [77], there is a lack of comprehensive informa-
tion regarding the toxicity profile of this EO, and for this
reason, it is essential to determine its safety profile as a
fundamental guideline for its usage.

Oral administration was primarily chosen due to the
absence of a standardized inhalation procedure specifi-
cally designed for mice. Administering CSEO orally at a
dosage of 2 g/kg showed no fatalities or signs of toxicity
(diarrhea, sedation, urination, change in skin, alteration
in food and water consumption, or locomotor activity).
Therefore, it can be inferred that CSEO is virtually non-
toxic in acute administration. This finding indicates that
the lethal dose 50 (LDsp) might be higher than 2 g/kg. This
result aligns with that of Balafrej et al. [78]; on the con-
trary, Yassa et al.’s study on male rats revealed an LDs, of
1729.6 mg/kg. In essence, within an acute toxicity study, the
dosage of a plant extract is typically regarded as toxic if it
leads to a decrease in body weight of 10% or more in the
treated animals [79]. It is crucial to highlight that throughout
the 14-day acute oral toxicity investigation, the findings pre-
sented in Figure 2 and Table 6 demonstrate that there were
no significant changes in body or relative organ weights of
both genders when compared to the control groups. This
outcome indicated that the CSEO had no impact on the
increase of body weight in mice. Moreover, upon visual
examination, the internal organs of all the mice showed
no observable abnormalities. These outcomes are consistent
with those of earlier research [78,80,81]; on the other hand,
unlike our study, these previous findings indicated signs of
toxicity like reduced activity and somnolence, potentially
attributed to the sedative influence of cannabinoids [82].

3.6 Glide molecular docking studies

With the view to elucidate the mode of interaction of active
compounds with the anti-oxidant and antibacterial

Table 5: Antifungal activities and MICs of CSEO and standard (fluconazol)

Fluconazole (15 mg/ml) CSEO
1Z diameters MIC (mg/ml) 1Z diameters MIC (mg/ml)
C. albicans 41.33 £ 115 mm 0.0117 18.66 + 0.88° mm 0.39
A. niger 47.67 £ 1.59% 0.586 0 —
A. flavus 43.67 + 1.53% 0.117 0 —
FFusarium proliferatum 59.17 + 0.76°% 0.586 41.89 + 3.60°% 0.013

Mean + SD in the same row followed by different letters are statistically significant, n = 3; MIC: minimum inhibitory concentration; (-): resistant.
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Figure 2: Body weight changes in male and female mice treated orally with a single dose of CSEO 2 g/kg, in 14 days; the values are expressed as mean

+ SD.

Table 6: Relative organ weights of male and female mice treated orally
with a single dose of CSEO 2 g/kg, n = 5 mice/group

Groups
Male Female
Treated Control Treated Control
Heart 0.38 + 0.02 0.35 £ 0.02 0.35+0.03 0.40 + 0.03
Liver 435 +0.08 4.30 £ 0.29 3.85+0.42 3.84 £0.38
Kidney 0.65 + 0.04 0.70 £ 0.1 0.40 + 0.07 0.34 + 0.06
Spleen 0.95 + 0.05 0.91 £ 0.07 0.92 + 0.06 0.81+ 0.07

There was no significant difference in relative organ weights of male and
female mice when compared to control groups; the values are
expressed as mean + SD.

activities, the GLIDE module was used to carry out the
molecular docking study, and the findings were examined
based on glide energy and docking scores and are pre-
sented in Table 7. The obtained docking poses were exam-
ined visually, and the interactions of the molecules with the
residues of the binding pocket were comprehended with
the help of ligand interactions (3D and 2D) diagrams. The
docking scores are presented in terms of negative values;
the lower the docking score and glide energy, the better the
binding affinity. It was concluded that the majority of the
active compounds showed high glide docking scores against
the selected target proteins under investigation.

In the case of the anti-oxidant target protein (PDB ID:
3NRZ), bulnesol, the glide docking and their corresponding
binding energies (-8.013, —47.856 kcal mol ) were observed
to be the highest among the extracted EOs, followed by
champacol (-7.645, —47.716 kcal mol ) as compared to those
of the co-crystallized ligand (~10.375, —90.026 kcal mol ™).

The co-crystallized ligand of anti-oxidant target pro-
tein yielded a glide docking score of —10.375 kcal/mol, enga-
ging in hydrogen bonding with LYS249 (1.96 A), PRO253
(1.78 A), GLU254 (2.23 &), LYS256 (2.72 A), ARG394 (2.07 A),
and THR396 (1.934, 5.33A) at their respective distances
mentioned in parentheses. The amino acid residues ILE19,
VAL27, LEU152, and ALA162 show hydrophobic interactions.
ASN261, SER347, THR354, and THR396 are accountable for
polarity. This can be seen in Figure 3. PRO253, ALA255,
LEU257, VA258, VAL259, ILE264, PHE275, PRO281, LEU287,
ALA301, ALA302, ILE353, LEU398, PRO400, ILE403, and
LEU404 are hydrophobically involved amino acids.

Figure 4 is the visual display of bulnesol interaction
with the anti-oxidant target receptor 3NRZ. Bulnesol shows
a glide docking score of -8.013 kcal/mol and forms hydrogen
bonding interactions with LEU257 at a distance of 1.90 A.
LEU257, VA258, VAL259, ILE264, LEU287, ALA301, ALA302,
ILE353, LEU398, ILE403, and LEU404 are hydrophobically
involved amino acids, whereas SER347 and THR354 are
polar amino acids.

Figure 5 is the pictorial display of champacol interac-
tion with the anti-oxidant target receptor 3NRZ. It shows a
glide score of -7.645 kcal/mol and no hydrogen bonding is
evident. LEU257, VA258, VAL259, ILE264, PRO281, LEU287,
ALA301, ALA302, ALA346, ILE353, and LEU404 are hydro-
phobically involved amino acids. The polar amino acid
residues are ASN261, THR262, SER347, and THR354.

For the receptor 4URO (antibacterial target protein),
the co-crystallized ligand as shown in Figure 6, exhibits a
prominent glide score of -5.904 kcal/mol, showing hydrogen
bonding interactions with amino acids ASN54 (2.12 A),
GLU58 (2.35 A), ASP81 (2.08 A), GLYS85 (2.53 A), and GLN91
(1.97 A). The hydrophobic interactions are visible with
ILE51, VAL79, ILES6, PRO87, ALA98, VAL101, ILE102, and
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Table 7: Glide molecular docking data of hit bioactive constituents investigated for anti-oxidant and antibacterial activities

Polar amino acid Hydrophobic interactions

residues

H-bonding and distance (A)

Glide score Glide model
(kcal/mol)

Docking score
(kcal/mol)

Ligands

(kcal/mol)

3NRZ (anti-oxidant)

PRO253, ALA255, LEU257, VA258, VAL259, ILE264,

LYS249 (1.96), PRO253 (1.78), GLU254  ASN261, SER347,

-90.026

-10.375

-8.288

(a) Co-crystallized ligand-

PHE275, PRO281, LEU287, ALA301, ALA302, ILE353,

LEU398, PRO400, ILE403, LEU404

THR354, THR396

(2.23), LYS256 (2.72), ARG394 (2.07),

THR396 (1.93, 5.33)

LEU257 (1.90)

3NRZ (anti-oxidant)

LEU257, VA258, VAL259, ILE264, LEU287, ALA301,
ALA302, ILE353, LEU398, ILE403, LEU404

SER347, THR354

-47.856

-8.013

-8.013

(b) Bulnesol (90785)

LEU257, VA258, VAL259, ILE264, PRO281, LEU287,
ALA301, ALA302, ALA346, ILE353, LEU404

ASN261, THR262,
SER347, THR354

-47.716 Not found

-7.645

-7.645

(c) Champacol (227829)

4URO (antibacterial)

ILE5S1, VAL79, ILE86, PRO87, ALA98, VAL101, ILE102,

ILE175
ALAG61, ILE86, ILE102, ILE175

ASN54, SERS5,

ASN54 (2.12), GLU58 (2.35), ASP81
(2.08), GLY85 (2.53), GLN91 (1.97)

GLUS58 (1.59)

-62.448

-5.904

-5.809

(A) Co-crystallized ligand-4URO

(antibacterial)

GLN91, THR173
ASN54, SERS5,

-40.741

-5.771

=-5.771

(B) Bulnesol (90785)

SER128, THR173
ASN54, SERS55,

ILE86, ILE102, ILE175

-39.316 GLUS8 (1.70)

-5.492

-5.492

(C) Champacol (227829)

SER128, THR173
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ILE175. The polar amino acid residues are ASN54, SER55,
GLN91, and THR173. Bulnesol (Figure 7) displayed a glide
score of —-5.771kcal/mol, engaging in hydrogen bonding
interactions with amino acid GLU58 at a relative distance
of 1.59 A. The hydrophobic interactions are seen with
ALAG61, ILE86, ILE102, and ILE175. The polar amino acid
residues are ASN54, SER55, SER128, and THR173.

Figure 8 is the pictorial display of champacol interac-
tion with the antibacterial target protein. It shows a glide
score of —5.492 kcal/mol, and hydrogen bonding is evident
with GLU58 at a distance of 1.70 A. ILE86, ILF102, and
ILE175 are hydrophobically engaged amino acids. The
polar amino acid residues are ASN54, SER55, SER128,
and THR173.

3.7 In silico ADME study

SwissADME is a web-based tool that uses computational
models to predict ADME features of constituents based
on their molecular structures. Table 8 highlights the pre-
dicted ADME properties and their compliance with Lipinski’s
rule of five. Most of the compounds investigated in the cur-
rent study showed good gastrointestinal absorption and
were compliant with Lipinski’s rule of five, possessing not
more than one hydrogen bond donor and one hydrogen
bond acceptor. To sum up, the subsequent analysis of
ADME properties and drug-likeness factors provide pre-
cious information about the potential of compounds to be
developed as drugs, which can contribute to future drug
design and drug development.

In silico predictions allow us to determine the theore-
tical biological parameters of bioactive constituents of
plants under investigation. For bioactive molecules, it is
mandatory to reach the body’s target site, be bioavailable,
and remain bioactive to initiate the targeted therapeutic
effects. Therefore, the determination of ADME is highly in
demand at an early stage of drug design and development
[83]. In vivo studies are costly and time-consuming in drug
development. Hence, in the drug development process,
drug-likeness studies should be executed as early as pos-
sible with a view to save time and cost [84]. The structure
or smiles of the compounds (ligands) are required to deter-
mine drug-likeness properties. We have evaluated the phy-
sicochemical parameters, such as lipid solubility (Log P),
MW, water solubility (Log S), the topological surface area
(TPSA, number of hydrogen bond donors (nHBD), rotatable
bonds (RBs), and the number of hydrogen bond acceptors
(nHBA). The molecular weight (MW) of all the derivatives
is less than 500 Da, and the log P values of all the deriva-
tives are less than 5, convincing that they have better
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Figure 5: 3D and 2D interactive view of champacol (c) with an anti-oxidant target protein (3NRZ).
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Figure 8: 3D and 2D interactive view of champacol (c) with an antibacterial target protein (4URO).
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membrane penetration and better antibacterial potential.
The Log S values of all the derivatives are less than 0 to -5,
which is also within the limit. The TPSA values of all the
derivatives are less than 140 A and have easy membrane
penetration [85]. The more the negative value of Log kp, the
higher the skin permeability. All the SCPZ SBs have Log kp
values between -1.69 and -3.97. RB, nHBD, and nHBA are
also key parameters for new drug candidates. It was esti-
mated that all the investigated ligands have RB, nHBD, and
nHBA values within the limit of Lipinski’s rule of five.

Intestinal absorption is a key parameter in discovering
orally biodegradable drugs [86]. In the intestine, the drug
candidate should have significant absorption. A range of
these ligands has high intestinal absorption and no blood-
brain penetration and so fewer central nervous system
side effects due to no blood-brain barrier penetration. It
is concluded from the results in Table 3 that these bioactive
constituents can be suitable drug candidates because they
follow all the parameters of new drug candidates.

4 Conclusions

The current research aims to investigate the chemical com-
position, biological activities, and acute toxicity of CSEO.
Chemical analyses revealed the dominance of sesquiter-
penes, specifically B-caryophyllene (31.54%) and a-humu-
lene (12.62%). Examination of the biological effects empha-
sized that CSEO exhibited anti-oxidant, antibacterial, and
antifungal activities. Furthermore, toxicological studies have
confirmed the EQ’s safety in terms of acute toxicity.
Conclusively, this study adds to the developing body of
literature that showcases the anti-oxidant and anti-micro-
bial activities of CSEO. Additional experiments are neces-
sary to pinpoint the primary components within the CSEO
that contribute to its biological effects. This entails eval-
uating their synergistic effects to gain a better under-
standing of their combined action and their mechanism
of action. Moreover, there is a necessity for further inves-
tigations into the toxicity of long-term exposure. The
docking results emphasize the existence of a variety of
molecular interactions that play a pivotal role in the
binding affinities of the investigated ligands with their
respective receptors. These interactions include hydrogen
bonding, hydrophobic interactions, and polar contacts.
The variations in binding scores and interaction patterns
present valuable insights for fruitful comprehension of
the potential effectiveness and specificity of these studied
ligands as potential drugs or inhibitors in connection to the
receptors under investigation. Most of the investigated
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bioactive constituents have good pharmacokinetic and
pharmacodynamic parameters. Hence, these derivatives
may be the better pharmacophore in exploring new
bioactive moieties to treat diseases due to microbes and
oxidative stress.
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