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Abstract: Industrial hemp is a multiuse crop that has been widely cultivated to produce fibers and
nutrients. The capability of the essential oil (EO) from inflorescences as antimicrobial agent has been
reported. However, literature data are still lacking about the hemp EO antiprotozoal efficacy in
vivo. The present study aims to unravel this concern through the evaluation of the efficacy of hemp
EOs (2.5 mL/kg, intraperitoneally) of three different cultivars, namely Futura 75, Carmagnola
selezionata and Eletta campana, in mice intraperitoneally infected with Leishmania tropica. A detailed
description of EO composition and targets-components analysis is reported. Myrcene, a-pinene and
E-caryophyllene were the main components of the EOs, as indicated by the gas-chromatographic
analysis. However, a prominent position in the scenario of the theoretical interactions underlying
the bio-pharmacological activity was also occupied by selina-3,7(11)-diene, which displayed
affinities in the micromolar range (5.4-28.9) towards proliferator-activated receptor «, cannabinoid
CB2 receptor and acetylcholinesterase. The content of this compound was higher in Futura 75 and
Eletta campana, in accordance with their higher scavenging/reducing properties and efficacy against
the tissue wound, induced by L. tropica. Overall, the present study recommends hemp female
inflorescences, as sources of biomolecules with potential pharmacological applications, especially
towards infective diseases.

Keywords: Cannabis sativa L.; essential oil; GC-MS analysis; scavenging/reducing activity;
Leishmania tropica; in vivo studies; bioinformatics

1. Introduction

Industrial hemp is a multiuse crop that has been widely cultivated for the production
of fibers and nutrients. Moreover, there is a great deal of interest about the extraction of
hemp secondary metabolites, including terpenes, terpenophenolics and flavonoids, which
could be at the basis of its health-promoting effects [1]. The Italian Government promoted
industrial hemp cultivation as a strategy to implement environment-friendly crops and to
contrast the loss of agricultural lands, a phenomenon that is particularly evident in central
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Italy, due to an unbalance between industrial- and agricultural-regulating policies. In the
Abruzzo region (central Italy), hemp cultivation is the object of renewed interest, which
is witnessed by the increased surface dedicated to hemp crops. For these purposes, a huge
number of hemp varieties have been selected in the last two decades, characterized by low
Ao-tetrahydrocannabinol (THC) content (<0.2%). Hemp cultivation is mainly focused to
the production of fibers and seeds, whereas the aerial parts, floral buds and leaves, are
considered as waste or by-products [1,2]. During the last years, however, inflorescences
are becoming innovative and high-quality by-products of the whole hemp chain,
employed for preparations of tonic beverages (tea infusion) or as flavorings and
nutraceuticals in certified food and supplements, respectively [3]. This is also suggested
by recent in vitro studies highlighting the capability of both hemp water extract and
essential oil (EO) as promising antioxidant, anti-inflammatory, anti-proliferative and
antimicrobial agents [4-9]. Anyway, the antimicrobial spectrum appeared to be wider for
the EO, particularly against pathogenic bacterial strains. The composition and
antimicrobial activity of the EO of three hemp cultivars, namely Carmagnola selezionata,
Fibranova and Futura 75, were investigated [7] and the last variety showed the highest EO
yield and antimicrobial activity. This could be related, at least partially, to the presence of
terpene compounds, such as a-pinene, myrcene, trans--ocimene, y-terpinolene, E-
caryophyllene and a-humulene. The EO of Futura 75 was also described as a promising
insecticide against larvae of Spodoptera littoralis and Culex quinquefasciatus as well as
against adults of Musca domestica [2], whereas the good tolerability demonstrated in a pilot
clinical study [10], further suggested the use of industrial hemp EOs as a novel insecticide
with low ecological impact on the environment [11]. Despite there being several studies
highlighting hemp antimicrobial activity in vitro, literature data are still lacking about the
hemp antiprotozoal efficacy in in vivo paradigm. Therefore, the present study aims to
unravel this concern through the evaluation of the efficacy of hemp EO of three different
cultivars, Futura 75, Carmagnola selezionata and Eletta campana, in adult male BALB/c mice
intraperitoneally infected with Leishmania tropica [12]. The present cultivars were selected
according to their consolidated crop production, in the Abruzzo region. The qualitative
phytochemical  fingerprint,  including color  analysis, terpene fraction,
scavenging/reducing and metal-chelating properties, was investigated, as well.
Additionally, a bioinformatics analysis, including network pharmacology and virtual
screening, was conducted to predict the mechanism of action underlying the observed
bio-pharmacological effects.

2. Materials and Methods
2.1. Chemicals for Antileishmanial Activity

Amphotericin-B, antibiotics (streptomycin and penicillin), dimethyl sulfoxide, fetal
bovine serum, growth media (RPMI-1640) were purchased from Merck (Darmstadt,
Germany). All the materials used in experimental process was of analytical grade.

2.2. Experimental Farm and Plant Extraction

Three selected cultivars of industrial hemp, namely Cannabis sativa L. cultivar ‘Futura
75" (F75), C. sativa L. cultivar “Eletta campana’ (EC) and C. sativa L. cultivar ‘Carmagnola
selezionata’ (CS) were cultivated in experimental crops, in the Abruzzo region and more
specifically in the surrounding of the Pescara river valley, Italy (Table 1). This valley is a
typical piedmont-hilly zone of the central-eastern Apennines, which originates from the
ecotone between the Gran Sasso and Maiella-Morrone massifs, in the northern and
southern part, respectively and declines within 45 km in an extended drainage basin to
the Adriatic coast. The basin area expresses the Mediterranean bi-climate characters
typical of the Adriatic coast with dry summer characterized by law rainfall. The total
extension of the experimental crops were 24,000 square meters on level ground, with a
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mean slope lower than 5% and altitude range 70-100 m asl. The planting scheme was in
lines with a central 2 m irrigation strip widths.

Table 1. Characteristics of the experimental fields.

Previ i h
Hemp Cultivar GPS Coordinates Extension (sqm) re‘(/;(;uesafsl)'ops (C;?xlel:ﬁ:;aeg:es) Sowing Density
F75 42,363,059, 14,093,390 4000 Wheat/alfalfa 20 cm/50 cm 15 kg/ha
CS 42,359,222, 14,108,528 14,000 Wheat/Wheat 40 cm/50 cm 20 kg/ha
EC 42,343,824, 14,102,808 6000 Not cultivated 20 cm/40 cm 20 kg/ha

In order to improve the development of plants according to the high temperature
and long daylight, the sowings were performed between mid and late March 2019, with a
prevision to reach a scalar blooming stage, ready for harvesting, in late August-
September. The cultivar EC is a dioecious Italian selection deriving from original crops of
the early 1900s, largely cultivated in the south of Italy for fiber production. It is in the
European community list of varieties admitted for cultivation and its agronomic needs fit
with the Mediterranean environment. It is considered as a late flowering cultivar that
produces high amount of biomass, due to the large leaf surface and compact smelling
inflorescences, endowed with a rich presence of terpenes. The cultivar name refers to the
Campania region and the selected cultivar is largely cultivated throughout central and
South Italy. Similarly, CS is a dioecious cultivar originally selected for the production of
fiber. The mature plants can grow over 6 m but are also adapted for seeds and flowers
production. Futura 75 is a French selection of monoecious variety for seeds and biomass
production, characterized by high adaptability for multi-purpose cultivation. Previous
experiences of cultivation confirmed the suitability of this cultivar for local environmental
conditions, also in central Italy [9]. All selected seeds are present in the plant variety
database of the European Commission in the agricultural species list. The genus Cannabis
and specifically the selected cultivars are characterized by high adaptability and, based
on previous experiences, no specific agronomical practices were planned but just a
superficial soil preparation (ploughing, disc harrowing and milling), automated sowing
for optimized seed density, no fertilization and only three programmed automated
irrigation cycles. During the phase of flowering, an accurate manual collection of only
mature flowers was done. The collection was repeated daily to obtain only high-quality
mature flowers. Fresh plant material was immediately transferred to the laboratory and
extracted within 6 h. Random samples from collections were selected and botanical
identity was confirmed by classical taxonomical approach (done by Prof. L. Menghini,
Full Professor in Pharmaceutical Botany at the Department of Pharmacy, “G.
d’Annunzio” University, Chieti, Italy). Fresh flowers were distributed to obtain a
homogeneous dispersion in the distillation chamber in a stainless-steel distillatory
Clevenger-type apparatus (Albrigi Luigi S.r.1., Stallavena, Italy). The volumetric EO yields
(%, v/w) were determined and expressed for phytochemical (mL in plant fresh weight) or
agronomical (mL from hectare) interpretations. Samples of EOs to be used for analytical
characterization and biological tests were dehydrated through a passage in anhydrous
sodium sulfate and stored in a dark glass bottles with polyethylene terephthalate (PTFE)
septa cap at 4 °C until used.

2.3. Colorimetric Determination of Scavenging/Reducing and Metal-Chelating Properties

Scavenging/reducing effects were investigated by radical scavenging 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
and reducing power (CUPRAC and FRAP) assays and results were expressed as trolox
equivalents  (TE). The metal-chelating properties were expressed as
ethylenediaminetetraacetic (EDTA) equivalents. Details of the assays were reported in
previous studies of ours [4,8].
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2.4. Color Analyses

The hemp essential oil samples were submitted to colorimetric analyses and
monitored for color parameters (L*, 4%, b*, C*a and hav) by means of a colorimeter X-Rite
SP-62 (X-Rite Europe GmbH, Regensdorf, Switzerland), equipped with an integration
sphere. The cylindrical coordinates C*a» and hao were calculated. Results were expressed
as the mean value + SD [13,14].

2.5. Gas Chromatography/Mass Spectrometry (GC/MS) Analysis

The volatile organic compounds (VOCs) analysis was carried out using an Agilent
Technologies 6850 gas chromatograph (Santa Clara, CA, USA) coupled with an Agilent
Technologies 5975 mass spectrometer (Santa Clara, CA, USA), equipped with an HP-5MS
capillary column (5% phenyl 95% methylpolysiloxane, 30 m x 0.25 mm inner diameter,
film thickness 0.25 um; Hewlett-Packard, Palo Alto, CA, USA). About 1 uL of the filtered
oil has been manually injected in the split configuration mode and GC parameters were
adjusted as follows: injector temperature, 250 °C; flow rate of the helium carrier gas
(99.995% purity), 1.0 mL/min. The oven temperature was set at 40 °C (5 min), then raised
to 200 °C at 5 °C/min and maintained at this temperature for 60 min. MS parameters were
set as follows: energy of electron ionization, 70 eV; solvent delay, 6 min; source tempera-
ture, 230 °C quadrupole temperature, 150 °C; and mass scan was carried out over the 50—
350 m/z range. The eluted compounds were identified by matching the relative mass spec-
tra with those available from both a commercial database (FFNSC 3, Chromaleont srl,
Messina, Italy) and online libraries (NIST 11, Flavor2, Scientific Instrument Services, Rin-
goes, NJ, USA). Kovats index (KI) was used as a second parameter to confirm the analyte
identification. KIs were measured using a mixture of n-alkanes (C8-C24) in the same an-
alytic conditions and then compared with values reported in the literature and in the
FFNSC 3 database. The identity of several compounds was confirmed through injection
of standard samples available from commercial sources. The relative abundance of oil
components was obtained by integrating the GC/MS peak areas without any further cor-
rection as previously reported [15].

2.6. Preparation of Culture for Leishmania Parasites

Promastigotes of L. tropica (KWH23) were cultured in RPMI-1640 medium along with
10% fetal bovine serum, penicillin (200 U/mL) and streptomycin (0.2 mg/mL). The details
about the employed protocol are reported in previous study of ours [12].

2.7. Preparation of Sample Solution

To prepare sample solution, aliquots (12.5 ug) of EC, CS and F75 EOs were mixed in
1 mL saline solution containing 0.5% v/v dimethyl sulfoxide (DMSO) [16]. The use and
percentage of DMSO as co-solvent were according to literature data [17]. The same au-
thors reported that intraperitoneal administration of DMSO is well-tolerated by mice up
to 10 mL/kg/day dose.

2.8. In Vivo Study

The animal model was based on male adult BALB/c mice, supplied by National In-
stitute of Health, Islamabad, Pakistan, whereas Animal and Ethics Committee of the Uni-
versity of Lahore, Islamabad approved current study design for experimental purposes.
Standard diet was given to BALB/c mice during experimental plan. For sample admin-
istration, BALB/c mice were allocated in 3 groups, the 1t group composed of sample con-
trol (2.5 mL/kg, corresponding to 12.5 pg/mL EO in a final volume of 100 pL), the 2nd
group had standard drug (positive control: amphotericin B 12.5 mg/kg) and the 3 group
composed of negative control (saline + 0.5% DMSO). Treatments were injected once a day
intraperitoneally for 8 weeks. Experimental plan during in vivo study was followed, as
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previously described [12]. Regarding the EO dose (2.5 mL/kg), the corresponding concen-
tration (12.5 pug/mL in 100 uL) was considered not toxic, based on our previous observa-
tions of null effect on multiple cell lines treated with comparable EO concentrations [9]
and according to a study using similar DMSO final concentrations in a cell-based model
[18]. The DMSO amount administered intraperitoneally to mice is 0.5%, which is compa-
rable to the doses used in papers dealing with other essential oils administered in murine
models of leishmaniasis [19,20]. Additionally, multiple studies showed the intraperitoneal
administration of terpene compounds, such as E-caryophyllene and linalool, at dosages
much higher (100-200 mg/kg), than those injected in the present paradigm [21,22].

2.9. Bioinformatics and In Silico Analysis

Putative targets were predicted using bioinformatics platforms SwissTargetPredic-
tion and STITCH, whereas the components-targets plot was built using the software Cy-
toscape version 3.8. Docking calculations were conducted through the Autodock Vina of
PyRx 0.8 software, as recently described [23]. Crystal structures of target proteins were
derived from the Protein Data Bank (PDB) with PDB IDs as follows: 1GQR [acetylcholin-
esterase (AChE)], 2P54 [peroxisome proliferator activated receptor a (PPAR-a)], 2HFF
[cannabinoid type 2 receptor (CB2)]. Discovery studio 2020 visualizer was employed to
investigate the protein-ligand non-bonding interactions.

2.10. Statistical Analysis

The statistical significance of difference between controls and experimental groups
was evaluated through analysis of variance (ANOVA), followed by Dunnett’s post hoc
test. Results were expressed as means + SD (standard deviation). Statistical analysis was
performed using GraphPad Prism™ software (Version 5.01; GraphPad Software, San Di-
ego, CA, USA). A p value < 0.05 was considered as statistically significant.

3. Results and Discussion

Many factors influence the productive performances of hemp plants in terms of es-
sential oil yield and quality, including environmental conditions, climatic factors and ag-
ronomical practices. Furthermore, the selection of raw plant material could be critical,
particularly when the distillation is applied as a strategy to valorize byproducts. The se-
cretory glands are mainly concentrated in floral structures and technical manipulation or
mechanical processes can significantly affect quantitative and qualitative yield. In this
study, the manual collection of mature inflorescences allows obtaining a high-quality
plant material with yields in essential oils ranging among 0.85 and 1.33 EO/kg fresh flow-
ers for EC and CS, respectively. The order of magnitude agrees with previous published
data, also if a direct comparison is not easy to perform, due to the different cultivars, var-
iability of operative conditions, different plant parts used, distillation of fresh/dry rather
than raw/shredded material, harvesting periods and others [24-26]. The performances of
experimental cultivation are summarized in Table 2, whereas the Table 3 summarizes the
intrinsic scavenger/reducing properties of the three EOs. Specifically, Futura 75 and Eletta
campana EOs showed the highest antiradical activity, in most of the employed colorimetry
assays.

Table 2. Agronomical performances of the tested hemp cultivars.

Crop Yields
Cultivar Harvesting Period Inflorescences R, Hydrodistillation
(kg Fresh Flowers/ha) Essential Oil (L/ha) (mL EO/kg Fresh Flowers)
EC Late August to early September 1160 0.92 0.85

(Eletta campana)
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5 . Mid September to mid October 1070 1.39 1.33
(Carmagnola selezionata)
F75 .
Early to mid September 1000 1.01 0.95

(Futura 75)

Table 3. Scavenging/reducing and metal-chelating properties of the tested hemp essential oils.

EO DPPH ABTS CUPRAC FRAP Metal Chelating Phosphomolybdenum
Cultivar (mg TE/g EO) (mgTE/gEO) (mg TE/gEO) (mg TE/g EO) (mg EDTAE/g EO) (mmol TE/g EO)

EC 253+0.232* 32.44+0.032 4551+0.752 19.29 +0.34 2 11.55+0.84 2 17.95+0.34 b

CS 1.18 £0.09¢ 32.15+0.08" 29.91+0.95¢ 13.55+0.46 © 7.19+0.42°P 17.52 +1.12°

F75 2.11+£0.15% 3247 +0.042 35.05+0.85P 16.16 +0.47® 10.84 +0.46 2 18.80 + 0.47 2

* Values are reported as mean + SD of three parallel experiments. TE: Trolox equivalent; EDTAE: EDTA equivalent. Dif-
ferent superscripts indicate significant differences in the samples (p <0.05).

To our knowledge the tristimulus colorimetry, employed in this study to evaluate
the color properties of hemp essential oils, was not yet reported in the literature, with the
only exception of our previous work [9], in which one essential o0il from Futura 75 and its
relative aromatic water were submitted to this evaluation. The three hemp essential oils,
slightly yellow colored, were submitted to colorimetric analyses, whose results are shown
in Table 4 as well the relative reflectance curves reported in Figure 1. Substantially, sam-
ples showed a high L* value, index of their brightness, a less significant yellow parameter
b* (among 7.82 and 12.82) and confirmed a weak green coloration denoted by the just
negative a* value. Therefore, a significant difference could be shown for the paler yellow
nuance. The experimental data are in accordance with already published colorimetric
analysis of Futura 75 essential oil [9], with only relevant change in yellow (b* parameter)
that varies from 24.36 in the sample obtained from 2016 to 8.47 in the 2019 sample and
highlights the effects of plant variability related to environmental and intrinsic factors.

Table 4. CIEL* a* b* parameters of the hemp essential oils.

EC CS F75
L* 58.39 +0.89 54.62 +0.79 57.14 £1.08
a* -5.01+0.20 -3.39+0.28 -3.67 +0.21
b* 12.82 £ 0.45 7.82+0.70 8.47 +0.50
C*ap 13.77 £ 0.50 8.52 +0.75 9.23 +0.55
hav 111.34 +0.09 113.42 +0.16 113.43 +0.05

Data are reported as mean value + SD.
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Figure 1. Reflectance curves of hemp essential oils. (A) EC essential oil; (B) CS essential oil; (C) F75
essential oil.

The comparison between the EOs composition points to a basically uniform pool of
the phytochemicals. However, the relative abundance of the detected metabolites signifi-
cantly diverges throughout the analyzed cultivars (Table 5). More in detail, the metabolite
rankings are: myrcene> E-caryophyllene> a-pinene in Carmagnola selezionata, E-caryo-
phyllene> a-pinene>myrcene in Futura 75 and heptacosane > E-caryophyllene> a-pinene>
myrcene in Eletta campana. Myrcene is the main metabolite present in Carmagnola selezio-
nata (26.4%), that can be further discriminated by the absence of tetracosane (peak 38),
conversely detected in relevant amount in other samples. On the other side, heptacosane
(peak 39) is only present in the Eletta campana sample (23.9%). The latter contains more
complex mixture characterized by the exclusive presence of other six compounds (peaks
16,17, 25, 26, 30, 33). The quantitative differences as for myrcene (peak 4, range 6.8-26.4%),
terpinolene (peak 14, 2.3-7.0%), limonene (peak 9, 1.8-4.7%) and selina-3,7(11)-diene
(peak 32, 0.5-2.5%) suggest potentially relevant effects on organoleptic properties. In our
previous paper [9], we have investigated the composition of essential oil obtained from
Futura 75 cultivated in the same area. It is evident a quantitative variability of the essential
oil within the same variety expressed by the lowest concentration detected for E-caryo-
phyllene, caryophyllene-oxide and a-humulene (28%, 15%, and 13%, respectively in our
previous paper) [9]. The qualitative variability of this cultivar is evidenced also by com-
parison with the study of Marini and colleagues [27] that identified a-pinene> myrcene>
E-caryophyllene (19%, 17%, and 15%, respectively) as main components of EO obtained
from central Italy crop. This is also consistent, albeit partially, with the results from the
study of Iseppi and colleagues (2019) [28]: myrcene> E-caryophyllene> a-pinene (19%,
14%, 8%, respectively). Similarly, limited quantitative variations in main compounds
(myrcene, E-caryophyllene and a-pinene) were recorded in Carmagnola selezionata EOs
[10,28]. Other information for each cultivar EO is reported in the supporting information
(Tables 51-S3).

Table 5. Gas Chromatography/Mass Spectrometry (GC/MS) analysis of the hemp EOs.

Area (%)
Peak # Compounds ;
Eletta campana Futura 75 Carmagnola selezionata
1 a-pinene 11.9 14.9 12.6
2 camphene 0.3 0.3 0.3
3 [-pinene 3.6 3.8 4.1



Biomolecules 2021, 11, 272

8 of 17

myrcene 6.8 11.8 26.4
a-phellandrene 0.1 0.2 0.3
A3-Carene 0.5 0.5 0.3
a-terpinene 0.1 0.2 0.3
para-cymene 0.2 0.1 0.2
limonene 22 1.8 4.7
eucalyptol 0.4 0.2 0.5
Z-3-ocimene 0.5 - 0.4
E-B-ocimene 1.9 29 25
Y-terpinene 0.2 0.2 0.3
terpinolene 2.3 51 7.0
linalyl anthranilate 0.2 - 0.3
fenchyl alcohol 0.1 - -
terpinen-4-ol 0.2 - -
a-ylangene 0.2 - 0.2
Z-caryophyllene 0.3 0.5 0.4
a-cis-bergamotene - 0.3 -
E-caryophyllene 13.5 19.3 19.1
a-trans-bergamotene 0.6 19 0.2
a-humulene 5.3 8.3 7.2
9-epi-E-caryophyllene 0.7 1.1 0.6
Y-muurolene 0.5 - -
a-amorphene 0.2 - -
[-selinene 1.5 1.7 1.3
a-selinene 1.7 13 1.1
Z-y-bisabolene 14 - 1.1
v-cadinene 0.4 - -
selina-4(15),7(11)-diene 1.3 0.9 0.3
selina-3,7(11)-diene 2.5 1.5 0.5
germacrene-B 0.3 - -
caryophyllene oxide 22 4.3 3.2
humulene epoxide 0.7 1.1 1.0
a-bisabolol 0.5 - -
allo-aromadendrene epoxide - 0.4 -
tetracosane 6.0 8.8 -
heptacosane 23.9 - -
unknown compounds (n) 4.8 (12) 6.6 (13) 3.6 (10)

n: number of unknown compounds. Compounds are listed in order of increasing KI values (see Tables S1-S3).

Leishmania is a pathogenic parasite (belong to family Trypanosomatidae) which is

responsible for worldwide spread of leishmaniasis. As per World Health Organization
(WHO) reports, leishmaniasis effected 350 million people of 98 countries in which 12 mil-
lion people at high risk. Total of 30 strains of Leishmania are discovered, 20 of which are
lethal. L. tropica is one of the identified species which is major cause of cutaneous leish-
maniasis in Africa, Asia and Europe. Pentavalent antimonial is the first line therapy
against cutaneous leishmaniasis (as per WHO) but due to severe side effects and high cost
of drugs, there is need of New lead compounds for treatment purposes [29]. The hemp
varieties were also investigated for evaluating their capability in blunting the experi-
mental tissue lesions induced by L. tropica, intraperitoneally injected in mice, an in vivo
experimental model of visceral leishmaniasis [30]. Among the symptoms of visceral leish-
maniosis, there are eye lesions, particularly in those forms induced by L. tropica [31].
Therefore, in the present study the efficacy of the hemp essential oils was monitored in
terms of reduced eye lesions at the end of the treatment. As depicted in Table 6, after eight
weeks of treatment, all cultivars were effective in reducing the dimension of tissue wound,
compared to the negative untreated control group (NC). The efficacy of Eletta campana and
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Futura 75 was similar to that of amphotericin B, that was chosen as the elective and com-
parative anti-leishmanial treatment [32]. According to the phytochemical analysis, the
higher efficacy of Eletta campana and Futura 75 varieties agrees with their best scaveng-
ing/reducing profile, with respect to Carmagnola selezionata. This is also consistent, albeit
partially, with our previous study showing the higher efficacy of Futura 75 extract as an-
tioxidant and anti-inflammatory agent, compared to Carmagnola selezionata [5]. Consider-
ing the results of GC-MS, a bioinformatics analysis was conducted on the prominent ter-
pene compounds (>1% total terpene fraction) present in the EOs, as well. The analysis was
conducted via SwissTargetPrediction platform and indicated the PPAR-a and CB2 recep-
tors as prominent targets, in the components-targets plot (Figure 2). The activation of the
aforementioned enzyme/receptor could mediate, at least in part, the anti-inflammatory
properties of terpene compounds [33,34]. The same receptors were also reputed to play a
key role in the anti-inflammatory properties induced by cannabidiol, the prominent ter-
penophenolic compound of industrial hemp [35,36]. Among the identified terpene com-
pounds, selina-3,7(11)-diene was predicted to interact with the aforementioned en-
zyme/receptor, with putative affinities in the micromolar range ( Figures 3-5). Moreover,
it is sensitive to note that the content of selina-3,7(11)-diene was under the 1%, in the Car-
magnola selezionata cultivar. Therefore, this could influence the slight lower efficacy of Car-
magnola selezionata EO, as protective agent in albino mice challenged with L. tropica. The
bioinformatics analysis conducted via SwissTargetPrediction also indicated the promi-
nent position of AChE, that is a classical target of anti-Alzheimer therapy [37]. Intri-
guingly, literature data reported simultaneous anti-cholinesterase and anti-leishmanial
effects induced by herbal extracts and natural compounds [38,39]. It is well-known that
AChE catalyzes the hydrolysis of acetylcholine in choline and acetate. Choline is also the
precursor of phosphatidylcholine, a key component of leishmanial membrane [40]. In this
context, the inhibition of AChE has been hypothesized as a novel mechanism of anti-leish-
manial activity [38]. However, a comparative study including as positive controls both
anti-cholinesterase and anti-leishmanial drugs, such as galantamine and miltefosine, re-
spectively, is still missing. Nevertheless, the putative interactions between AChE and se-
lina-3,7(11)-diene, that were predicted to occur at micromolar terpene concentration by
the employed virtual screening software (Figure 5), further strengthens the importance to
conduct future research in this field. Finally, the in silico predictions conducted via
STITCH platform indicated putative interactions between leishmanial lanosterol-14-a-de-
methylase and different EO terpenes, namely limonene and a-pinene (Figure 6). How-
ever, the virtual screening conducted for unravelling the affinity of a-pinene towards
lanosterol 14a-demethylase (PDB: 3L4D) rules out a direct effect induced by hemp-deriv-
ing terpenes on leishmanial metabolism (putative affinity: Ki > 100 uM).

Table 6. Protective effects induced by the hemp essential oils on tissue wound induced by L. tropica challenging, in vivo.
Data are expressed as means + SD.

Dosing Mean Lesion (mm) Mean Lesion (mm) % Cure Rate (with 95% N° of Mice IYIean .
Sample Regimen ® Before Treatment After Treatment Confidence Intervals) Cured/N°of - Survival Time
(After 8 Weeks) Mice Infected (Days)

Eletta campana 2.5 mL/kg 0.81 +0.20 0.31 +£0.10 *** (96.19266?9182.087) 6/6 >60

Futura 75 2.5 mL/kg 0.73 +0.30 0.42 +0.70 *** 84.28 5/6 >60
(83.25-85.88)

ig:;gi’:i” 25ml/kg  0.71+0.20 0.61 +0.20 ** v 4.8765;1726. 1) 4/6 >60

Amp 12.5 mg/kg 0.96 + 0.60 0.34 +0.60 *** 95.00 6/6 260
(94.583-96.02)

NC« 25mL/kg 0.78 + 0.50 1.6 +0.50 0.000 0/6 230

aRoute of administration = Intraperitoneally (i.p), <NC = Negative Control, Amp = Amphotericin B. ANOVA, p <0.001;
post hoc test, ** p <0.001, ** p <0.01 vs. NC group.
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Figure 2. Network pharmacology analysis underlying the theoretical interactions between essential oil phytochemicals,
namely a-pinene, a-humulene, E-caryophyllene, E-3-ocimene, myrcene, terpinolene, limonene, selina-4(15),7(11)-diene,
selina-3,7(11)-diene, caryophyllene oxide and multiple mouse target proteins, including acetylcholinesterase, cannabinoid
CB2 receptor, peroxisome proliferator-activated receptor a.. The molecular targets were identified through the bioinfor-

matics platform SwissTargetPrediction, as well as the components-targets plot was built through Cytoscape software (3.8
version).
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Figure 3. Structure and in silico interactions between selina-3,7(11)-diene and peroxisome proliferator-activated receptor
o (PPAR-a; PDB: 2P54). Free energy of binding (AG) and affinity (Ki) are —7.2 kcal/mol and 5.4 uM, respectively.
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Figure 4. Structure and in silico interactions between selina-3,7(11)-diene and cannabinoid CB2 receptor (CB2; PDB: 2HFF).
Free energy of binding (AG) and affinity (Ki) are —6.2 kcal/mol and 28.9 pM, respectively.
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Figure 5. Structure and in silico interactions between selina-3,7(11)-diene and acetylcholinesterase (AChE; PDB: 1GQR).
Free energy of binding (AG) and affinity (Ki) are -7.2 kcal/mol and 5.4 uM, respectively.
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Figure 6. Network pharmacology analysis underlying the theoretical interactions between essential oil phytochemicals,
namely a-pinene, myrcene, terpinolene, limonene and leishmanial target proteins. Specifically, the bioinformatics plat-
form showed the prominent position of lanosterol-14a-demethylase (XP_001563021.1), in the scenario of the predicted
interactions, namely with a-pinene and limonene. With the only exclusion of XP_001569114.2 (methionine synthase re-
ductase), the other predicted proteins are cytochrome p450-like proteins.

4. Conclusions

The present findings highlight the potential of essential oils from industrial hemp
inflorescences as protective agents, in an in vivo model of tissue wound induced by L.
tropica, in mice. The chemical analyses provide the fingerprint of these selected cultivars
and aim at correlating the biological effects with the metabolites identified. The in silico
study also evaluates AChE, CB2 and PPAR-a as putative targets mediating the observed
protective effects, in mice. Collectively, these data confirm the possibility to use alterna-
tive natural compounds in addition to the standard therapy. Considering also recent lit-
erature data concerning innovative delivery systems in the anti-leishmanial/anti-oxidant
treatment [41,42], we hypothesize the inclusion of the present EOs in nanostructured for-
mulations for improving the efficacy, limiting the administered dosage and thus poten-
tially eliciting the biocompatibility of the lipophilic components of the EOs [43].

Supplementary Materials: www.mdpi.com/2218-273X/11/2/272/s1. Table S1: GC-MS analysis of
Eletta campana essential oil; Table S2: GC-MS analysis of Futura 75 essential oil; Table S3: GC-MS
analysis of Carmagnola selezionata essential oil.
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