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Abstract

The Essential oil from the leaf of Datura metel L., obtained from south Lebanon, was tested for their chemical compounds.
Furthermore, the present study aimed to estimate the total alkaloid contents of seeds, fruits, stems, and leaves extracts, obtained
using two different solvent systems. The volatile compounds were extracted using the Clevenger apparatus and analyzed by GC-
MS. A total of 22 compounds were separated and 7 compounds of them were identified from the oil. These compounds identified
took up 93.43 % of the total peak areas. The result showed the main compounds of the volatile constituents in leaves of D. metel
were terpenes. Total alkaloids from different parts of the plant ranged from 0.83 to 5.2 %, and methanol/acetonitrile is the
best solvent system. Also, the content of alkaloids in fruits was the highest, followed by seeds and leaves, the least were stems.
According to the potent activity of the founded compounds, essential oils of D. Metel plants examined would be considered as
promising holders of bioactive phytochemicals. Further investigations are a must to evaluate the biological activities of this plant.
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Alkaloids, another class of nitrogen-containing secondary
metabolites, are known to have wide pharmacological
activity and have great potential for the elaborating of new
drugs to treat a wide array of diseases. Recently, in silico
studies showed an affinity of tested alkaloids for binding
to the receptor-binding domain of the SARS-CoV-2 spike
protein; hypothetically hamper it from binding to the host
cell [4]. Results show that the alkaloids are interesting

Abbreviations: D. Metel: Datura Metel; EOs: Essential
Oils; TA: Total alkaloid; GC-MS: Gas Chromatography-Mass
Spectrometry; DPPH: 2, 2-diphényl-1-picrylhydrazyle.

Introduction

Although they are known for their potent bioactivity,
essential oils (EOs) are often considered as a relic of medieval

medical practice by representatives of modern medicine [1].
During recent years, EOs capture the interest of researchers
to find an effective treatment for many incurable diseases
using natural compounds [2]. For instance, recently a Cretan
aromatic plant (Thymbra capitata (L.) Cav, Salvia fruticosa
Mill and Origanum dictamnus L.) Essential oil mixture may be
useful for the prevention and/or treatment of mild COVID-19
ambulatory patients, awaiting verification through a
prospective randomized controlled clinical trial. [3].

compounds with potential use as bioactive agents against
SARS-CoV-2 [5].

Datura metel (D. Metel) is a wild-growing plant of the
Solanaceae family [6]. The name Datura is supposed to
arise from Sanskrit Dustura or Dahatura [7], but it is mostly
known as Angel’s and Devil’s trumpet, Locoweed, Jimson
weed, or Datura [8].In Lebanon however, where it is widely
distributed in several regions [9], it is known as “Jawz-
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meaael”. It comprises different types of phytochemicals such
as flavonoids and glycosides. Its leaves and seeds are rich in
alkaloids, such as atropine, scopolamine, and hyoscyamine
[7]- Due to its alkaloid content, this plant was primarily used
as an intoxicant and hallucinogen [8-10].

The bioactive components existing in the extracts of the
Datura’s plants have been tested for their anti-microbial and
anti-fungal activities. The seed’s extract contains various
pharmaceutical activities such as having an anesthetic,
hallucinogenic, anti-asthmatic, narcotic, bronchodilator,
hypnotic, and mydriatic activities [8]. On the other hand,
when mixed with mustard oil the leaves of D. Metel help
to treat skin disorders [11]. Also, the whole plant is well
known as an anticholinergic, insecticidal, herbicidal, anti-
bacterial, anti-fungal, anti-inflammatory, anti-tumor, and
anti-rheumatoid plant [12]. Consequently, the plant is used
in different treatment regimes.

In our previous work, leaf extracts of D. metel were tested
for phytochemical and antioxidant activities, and the study
revealed that the methanolic extracts exhibit the presence of
secondary metabolites. The free radical scavenging methods
DPPH and reducing power assay results prove a marked
antioxidant activity of the extract [13]. On the other hand,
there are few reports about the volatile components of D.
metel EQ’s. Consequently, the present study was carried out
to investigate, for the first time, the total alkaloids contents
in different plant parts and the chemical composition of
essential oil from the leaves of D. Metel L. from the south of
Lebanon.

Materials and Methods

Chemicals and Instruments

All of the chemicals used were of analytical grade. Methanol,
ethanol, and acetonitrile were purchased from BDH
(England). The water used in all procedures was an ultrapure
one, obtained from a water purification system (TKA
MICROMED, Germany). Hexane (HPLC grade) was purchased
from Sigma Aldrich (USA). Samples were weighed using
a RADWAG XA 82/220/2X laboratory balance. The dried
leaves were grinded using a POLYMIX grind mill.

Plant Materials: Collection, Identification, and
Preparation

Datura metel materials were harvested in late January - mid-
February period of the year 2018, from Blida (33°08'0"N
35°31'0"E, 630 meters above sea level), South of Lebanon,
and were identified by Prof. Jean HABIB, Professor of
Pharmacognosy in the Faculty of Pharmacy at the Lebanese
University. The samples were transported to the laboratory
and kept at room temperature until processing. The

harvested plant materials initially underwent natural drying
(in the shade, at room temperature) for four weeks, followed
by segregating the leaves from the dry plant material. Then
the leaves were grinded to fine powder, using a manual
grinder. Finally, the grinded materials were stored in a well-
sealed container for future use.

Determination of the Total Alkaloids (Ta) Content

The total alkaloid content was determined gravimetrically,
after extraction, by a selective protocol [14]. For this purpose,
15 g of lone Daturas’ grinded leaves were macerated for
24 hr in methanol/acetonitrile or ethanol/acetonitrile
(80/20, v/v), followed by filtering the supernatant on filter
papers, then drying them under reduced pressure at 40°C.
The dried extract was then washed by 25 mL of H,SO, (0.2
M) and (2 x 25 mL) of CHCI, The mixture was then shaken
in a separatory funnel and the upper aqueous phase was
collected. The combined aqueous layers were alkalinized by
NH,OH (25 %) till pH=9-10 is reached. This was followed by
extraction of the aqueous layer by (2 x 25 mL) of CHCL,. The
collected lower organic layers were then combined and dried
by Na,SO, and later concentrated under reduced pressure
at 40°C. The percentage of TA content was calculated using
equation (1) mentioned in 2.5.

Essential Oils (Eo) Content

Foremost, 100 g of D. Metel leaves were chopped into small
pieces then carefully introduced into a 1000 mL round
bottom flask containing 500 mL of distilled water. The hydro-
distillation was carried out in a Clevenger-type distillation
unit designed according to the British Pharmacopoeia
specification [15]. After 3 hrs of distillation, the EO was
collected in the receiver arm. The oils were sealed and kept in
dark glass vials in the refrigerator at 4°C for further analysis.
The percentage of EO content was calculated using equation
(1) mentioned 2.5.

Determination of Percentage Yield (%)

The extraction yield was calculated according to the following
equation (1):

Yield%=—2X100 (1)
1
Where W, is the dry weight of the used matter and W, is the
weight of collected extract after evaporation of the solvent.

Gc-Ms Analysis

One microliter of Datura EO’s sample was diluted (1:100)
with hexane and injected into the gas chromatographymass
spectrometry (GC-MS) system. GC SHIMADZU QP2010
system was used to analyze the volatile compounds in the
propolis extracts (without derivatization). DB-5MS (5 %
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diphenyl / 95 % dimethylpolysiloxan) capillary column
having (30 m length, 0.25 i.d., film thickness 0.28 pm) and
helium as the carrier gas was used for compound separation.
The oven temperature was programmed from 65°C (2 min
initial time) increased to 300°C at 10°C/min (isothermal
for the final time) and the MS was operated in the electron
impact mode at 70 eV ion source energy. The injection
volume was 1 pL and a total run of one hour is performed.
Data receipt and processing were performed using Shimadzu
GC-MS solution software. The compounds were identified
based on a comparison of their mass spectra with data in
NIST (National Institute of Standards and Technologies, Mass
Spectra Libraries).

Statistical Analysis

All the determinations were conducted three times (n = 3);
the statistical mean was calculated with * SD using Excel
2013 (Microsoft Corporation, Redmond, WA, USA). The
statistical analysis was performed using Statistical Package
for the Social Sciences program version 23 (SPSS Inc, Chicago,
USA), and P-value less than 0.05 was considered statistically

significant.

Results and Discussion

Total Alkaloids

The alkaloid content was determined gravimetrically [16].
TA content (Figure 1) of D. Metel was found to range between
5.21.34 % (w/w) using methanol/acetonitrile solvent, and
between 3.260.827 % (w/w) using ethanol/acetonitrile. TA
content was higher than those cited in the literature [17]
but comparable to that obtained with D. metel in Nigeria
[18]. Those alkaloids can be used as an immensely powerful
mindaltering drug [19]. [tis known that the extraction solvent
affects the extraction yield and biological activity [20]. Even
it was in a study of the EOs, Zhen-guo’s, et al. [21] research
concluded that there exist great differences in constituents
of volatile oil in plant and fruit of D. stramonium and should
be treated differently in use. As result, methanol/acetonitrile
is more efficient than ethanol/acetonitrile for the extraction
of alkaloids. Besides, the content of alkaloids in fruits was the
highest, followed by seeds and leaves, the least were stems.

% yield

Fruits Seeds

Figure 1: The total alkaloid of D. Metel different parts using two different solvents.
Values are means * SD of three replicates.

® methanol/acetonitrile

B ethanol/acetonitirle

Leaves Stems

The mean comparison of the triplicate measurements
was performed, and Table 1 below shows the significant

differences between the various means.

Yield by solvent
Plant Part Ethanol/Acetonitrile Methanol/Acetonitrile SEM
Fruits 0.0326%* 0.0520"! 0.006
Seeds 0.0143** 0.0425"! 0.006
Leaves 0.01842 0.02032 0.006
Stems 0.00827 0.01342 0.002
SEM 0.003 0.0049

a-b Means in a row with different alphabetical superscripts are significantly different (P < 0.05)
1-2Means in a column with different numerical superscripts are significantly different (P < 0.05)

SEM = Standard Error of Mean
Table 1: Mean comparison of the different measurements.
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The results show that methanol/acetonitrile solvent is by far
better than the ethanol/acetonitrile, comparing the means
horizontally. Since as we can see from the above table, we
are always obtaining higher yields via methanol/acetonitrile
solvent. The fruit is the plant part that contains a higher
concentration of Alkaloids (higher yield) comparing the
means vertically. So, it is better to use methanol/acetonitrile
as a solvent for a significantly higher yield, and the parts
containing the highest Alkaloid content was the fruit.

Essential Oil

The essential oils were obtained by hydro-distillation of the

air-dried, pulverized leaves of D. metel. The hydro-distillation
method offered a 0.35 % yield in EOs calculated on a dry
weightbasis (equation 1). The obtained oils have alightyellow
color and a significant aromatic odor. Studies on the EOs
from D. metel are very limited except for a single study on the
cytotoxic activity [22]. D. stramonium, per contra, have been
reported to display allelopathic, antibacterial, insecticidal,
and antifungal effects [23]. Despite the rare studies on the
EO’s of Datura families, our results were consistent with this
obtained during the study of D. stramonium in the work of
Aboluwodi A, et al. [23].
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Figure 2: Representative GC-MS chromatogram of essential oil from leaves of D. Metel.

Compound RT (min) MW (g.mol-1) Formula % Area Family
3-pentene-2-one 12.6 84 C.H,0 0.12 Alkane
camphor 13.583 152 C,H,0 0.63 Cyclic Monoterpene
carvomenthol 14.992 154 C,H,,0 0.51 Terpenene
o-terpineol 15.617 154 C,H,,0 0.65 Monoterpene -Alcohol
D-verbenone 16.125 150 C,H,0 1.04 Terpene
carvacrol 19.717 150 C,H,0 30.15 Monoterpene
thymol 20.083 150 C,H,,0 60.33 Monoterpene

Table 2: GC-MS analysis of D. Metel leaves essential oil.

The EO of D. Metel was analyzed by GC-MS (Figure 2) to
detect volatile, small, and non-thermolabile metabolites.
The Identification of individual compounds was made by
comparison of their mass spectra with those of the internal
reference mass spectra library. According to the % area
obtained (Table 2), the main compounds of this oil are the
natural terpenoid thymol and its phenol isomer carvacrol and
also in small quantities D-verbenone (1.04 %), a-terpineol
(0.65 %), camphor (0.63 %), carvomenthol (0.51 %) and
3pentene-2-one (0.12 %).

The phytochemical constituents of plants, known to be

bioactive ingredients, are of great significance. They are
responsible for different medicinal activities such as being
antimicrobial, antioxidant, antifungal, anticancer, and
antidiabetic [24]. Figure 3 shows the chemical structures of
the main compounds of D. metel EO. Thymol and carvacrol,
the major of the studied oil its use are known to possess
antioxidative, antimicrobial, antitussive, expectorant,
antispasmodic, and antibacterial effects [25-28]. The
presence of thymol and carvacrol as the main components
of the studied oil D. metel from Lebanon and absence of it
in previous few works [22,23,29] that dealt with different
Datura species is characteristic. The investigation of
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the volatile compounds in Aronia berry juice allows the
detection of 3-penten-2-one as the most abundant [30].
Since it has a broad spectrum of biological utilization
as an antioxidant anticancer anticonvulsant antiulcer
antihypertensive antinociceptive, a-terpineol brings a great
interest [31]. Likewise, camphor exhibits several biological
properties such as antimicrobial, antiviral, and antitussive
effects [32]. On the other hand, EOs containing verbenone
was reported to have anti-inflammatory effects [33].

Figure 3: Chemical structures of terpenes founded in D.
Metel EO’s.

Juan Xue, et al. [22] studied the chemical composition and
cytotoxicity of the EO from different parts of D. metel. The
main components were summarized in Table 3. Clear
contrast between these compounds was the main feature
of the results. This contrast extends to studies conducted
by other researchers, monoterpenoids were found to be the
dominant class of compounds [29] in the leaf oil (100 %),
flower oil (81.4 %), and fruit oils (58.8 %) of D. metel.

Plant parts Main compounds
Flowers ketone (23.61%), ethyl palmitate (15.84%).
Leaves ketone (18.84%), phytol (18.71%)
Petioles Ketone (39.45%), phytol (31.32%)
Palmitic acid (30.60%), ethyl linoleate
Seeds (21.56%)
Roots palmitic acid (52.61%)
palmitic acid (38.38%), ethyl linoleate
Stems (17.38%).

Table 3: Main compounds in the EO’s of D. Metel [22].

While there is an absence of adequate studies related to
EO’s of D. metel, we call for a second widespread species D.
stramonium. Previous research in this field shows a great
variation in results. While the main components of EO of D.
stramonium were sterols and their derivatives in the study
of You, et al. [34] and leading to the identification of 44
compounds, representing 88.72% of the total mass, Zhen-guo,
etal. [21,35] have identified 58 compounds and cocolactone
as the main compounds. Whereas, other works there exist
great differences in constituents of volatile oil in plant and
fruit of D. stramonium and should be treated differently in
use [21]. In the work of Hao-xiang a total of 21 compounds
were separated and 18 compounds (91.26% of the total
peak areas) were identified from the EO of D. Stramonium
[36]. Moreover, citral (26.5%), 4, 8-dimethyl-3,8-dien-2-one
(11.2%), sesquirosefuran (11.1%) and geraniol (10.5%)
were identified as the major constituents in the seed oil of D.
stramonium [23].

All of the above findings, in addition to the results of the
conducted previous work [13], confirm the importance of
D. Metel, and provide insights for further exploitation of this
plant for therapeutic purposes.

Conclusion

To the best of our knowledge, we have presented herein the
first attempt to study the EO of “Datura metel” growing in
Lebanon, as well as the determination of the total alkaloids
contents in the different parts of the plant. The present study
revealed that methanolic/acetonitrile selective extracts of D.
metel exhibit high efficiency in the extraction of total alkaloids
with significant difference (P<0.05). The total alkaloids from
different parts of the plant was also investigated, it ranged
from 0.83 to 5.2 %. Compared with other parts, the content
of alkaloids in fruits was the highest, followed by seeds and
leaves, the least were stems. Moreover, 22 volatile compounds
were detected in the EO, and 7 of them (93.43 % of the total
peak areas) were identified. These results suggest that the EO
of D. metel plants studied is a promising source of bioactive
phytochemicals. However, further investigations are a must
to continue the identification of unknown compounds as
well as to evaluate the biological activities of this plant.
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