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ABSTRACT

In the present work, the shrub W. somnifera was used as a source for the extraction of bioactive molecules. Leaves
were extracted by ethanol and analyzed by Gas Chromatography-Mass Spectrometry (GC-MS) and High-Performance
Liquid Chromatography (HPLC). By GC-MS analysis, the highest identified compounds were 2,6-dimethyl-N-(2-methyl-
a-phenylbenzyl)aniline, 4-Aminoheptane, n-undecanophenone, 2-cyclohexyl-4-hydroxymethyl-octahydrobenzo[e][1,2]
oxazine-3-carbonitrile, and octadecanoic acid 3-octadecyloxypropyl ester, with percentages of 19.43%, 7.51%, 4.47%,
4.34%, and 3.89%, respectively. HPLC analysis identified quercetin and 7-hydroxyflavone with concentrations of 12.36
and 15.14 mg/mL, respectively, as two flavonoid compounds. This work showed that W. somnifera leaf extract owns
several bioactive compounds that could be useful and have different applications, such as antimicrobial activities.
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INTRODUCTION

Ashwagandha or winter cherry (Withania
somnifera L. Dunal, family Solanaceae), the
evergreen shrub, is originated to the Middle East,
India, and parts of Africa (Bellanger; Seeger 2021;
Gupta et al., 2021). W. somnifera in traditional
medicine has many applications such as antitumor,
immunomodulatory,  antiarthritic,  antioxidant,
hepatoprotective and anti-inflammatory activities
(Bhattacharya et al., 2002; Harikrishnan et al., 2008;
Jacobs; Pierce 2018).

W. somnifera L. Dunal, (Ashwagandha or winter
cherry), belongs to the family Solanaceae, the
evergreen shrub, which has several uses in
medicine. The plant has many bioactive compounds
and in Egypt, there is a lack of information about
this plant in terms of its bioactive compounds.
Withania somnifera has promising medicinal
properties as a therapeutic agent for addressing

anxiety, microbial infection, cancer,
neurodegenerative disorders and
immunomodulation (A Dar et al, 2016).

Biochemical constituents of W. somnifera like
withanolide A, withanolide D, withaferin A and
withaniamides play an important role in its
pharmacological properties.

Some bioactive compounds like withanamides,
and tropine were identified in W. somnifera extracts
(Chatterjee et al., 2010; Singh et al., 2001;
Sivanandhan et al., 2012). The extract showed
antioxidant activity in vitro with inhibition of lipid
peroxidation (Bhatnagar et al., 2009). Phenolic and
flavonoid compounds were analyzed by HPLC from

fruit extract, and the most compounds were salicylic
acid, vanillic acid, rutin, and myricetin with values
of 9.49, 4.78, 4702.58, 1386.62 mg/100 g extract,
respectively (EI-Hefny et al., 2020). Other chemical
compounds related to fatty acids, such as linoleic
acid, palmitic acid, oleic acid, and linolenic acid
were isolated from leaf and root extracts (Chatterjee
et al., 2010). Six different extracts of W. somnifera
root, prepared in a sequential manner starting from
non-polar (hexane) to polar (water) solvents and
alkaloids, terpene ansteroid, hydroxybenzene,
saponin, organic acids and flavone were identified
in methanol extract with thin layer chromatography
(Pal et al., 2012).

Extracts from root and leaves of W. somnifera
observed promising antibacterial activity against
Bacillus subtilis, Staphylococcus aureus,
Escherichia coli, Pseudomonas fluorescens and
Xanthomonas axonopodis pv. malvacearum and
antifungal activity against Aspergillus flavus,
Dreschlera turcica and Fusarium verticillioides
(Mahesh; Satish 2008).

Therefore, the present work aimed to identify the
chemical compounds present in leaf extract using
GC-MS and HPLC analyses.

MATERIAL AND METHODS

1. Withania somnifera leaf sample

Leaves of Withania somnifera were collected
from Alexandria, Egypt, 2021. The leaves were
washed with tap water to remove the dust and then
air-dried under shade at room temperature for 10
days. The air-dried leaves were ground to powder
using a small laboratory mill and kept dry. About 50
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g of the powdered leaf sample were put in a 1-L
flask, and 150 ml of ethanol (70%) was poured
inside the flask for the extraction by soaking method
(Salem et al., 2019), then filtered through filter
paper (Whatman no.1l) to separate the dissolved
extracts from the solid residue. The extracts were
air-dried using Petri dishes, and then stored in
sealed tubes until use.
2. GC-MS analysis

The chemical composition of W. somnifera leaf
ethanol extract was analyzed by GC-MS at the
Atomic and Molecular Physics Unit, Experimental
Nuclear Physics Department, Nuclear Research
Centre, Egyptian Atomic Energy Authority, Inshas,
Cairo, Egypt (Anas et al., 1983; Ekman; Holmbom
1989; Mohareb et al., 2017). The MS library
searches (NIST and Wiley) were used as the base
for the identification of the chemical compositions
in the extract by comparing with the MS literature
data (Oberacher et al., 2013).
3. HPL.C analysis of phytochemicals

HPLC (Agilent 1100), composed of binary LC
pump, a UV/Vis detector, and a C18 column, was
used. The separation conditions set for the mobile
phase were acetonitrile (A), and 0.2% (v/v) aqueous
formic acid (B) with an isocratic elution (70:30)
program and the wavelength for the detection was
set at 360 nm (Hassan et al., 2021). Standard
compounds rutin, 7-hydroxyflavone, naringin,
quercetin, kaempferol, hesperidin, and catechin
were used.
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RESULTS AND DISCUSSION

1. GC-MS of chemical compounds

The peaks of the identified chemical compounds
from W. somnifera leaf ethanol extract are shown on
Figure 1, and the chemical compounds are listed in
Table 1 with their retention times, area %, molecular
formula, and molecular weight. The most abundant
compounds  were  2,6-dimethyl-N-(2-methyl-a-
phenylbenzyl)aniline  (19.43%), 4-Aminoheptane
(7.51%), n-undecanophenone  (4.47%),  2-
cyclohexyl-4-hydroxymethyl-
octahydrobenzo[e][1,2]oxazine-3-carbonitrile
(4.34%), octadecanoic acid 3-octadecyloxypropyl
ester (3.89%), (,, 13-Phenylpentacosane

Furthermore, minor compounds such as methyl
3-hydroxyhexanoate (1.93%), isomexoticin
(1.72%), 1,1-dibutoxy-butane (1.66%), nivalenol
(1.49%), 5-phenyleicosane (1.44%), 2-ethyl-1-
hexanol (1.40%), dimethoxyglycerol docosyl ether
(1.32%), 10,13-Octadecadiynoic acid, methyl ester
(1.21%), and 3-acetoxy-7,8-epoxylanostan-11-ol
(1.16%) were found.

These chemical compounds could be useful in
several biological activities. Previous works showed
that a potent biological activity of fruit extract
against several bacteria and fungi was found as the
extract was applied to wood samples (El-Hefny et
al.,, 2020). W. somnifera methanol extract was
effective against C. albicans and other microbes (A
Dar et al, 2016; Kambizi; Afolayan 2008).
Monomeric glycoprotein isolated from W. somnifera
root tubers revealed protease inhibitors as
antimicrobial activities against some bacteria and
fungi (Girish et al., 2006).
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Figure 1: GC-MS chromatogram of the identified chemical compounds in the ethanol extract from

Withania somnifera leaves.
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Table 1: Chemical constituents of W. somnifera leaf ethanol extract as analyzed by GC-MS

RT Compound Name Area  Molecular  Molecular
(min) % Formula Weight
3.09 4-Aminoheptane 7.51 C4HsO 72
3.18 2-Cyclohexyl-4-hydroxymethyl- 4.34  Ci6H2N202 278
octahydrobenzo[e][1,2]oxazine-3-carbonitrile
3.28 n-Undecanophenone 4.47 Ci7H260 246
3.55 9,12,15-Octadecatrienoic acid (2-phenyl-1,3-dioxolan-4- 0.44 CasH4004 440
yl)methyl ester
3.65 Docosane 0.56 C2oHas 310
4.09 2-Ethylhexanol 1.40 CgH150 130
4,75 (4-Carbomethoxy)benzyl p-toluate 0.47 Ci17H1604 284
5.36 1,1'-Bis(2-anthraquinone carboxylic acid) 0.38 C3oH1408 502
5.91 2-hydroxy-5,6-epoxy-15-methyl-Pregan-20-one 0.32 Ca2H3403 346
6.00 1,5,8-para-menthatriene 0.44 CioHa 134
6.66 1,1-Dibutoxy-Butane 1.66 C12H2602 202
8.71 Methyl 3-hydroxyhexanoate 1.93 C7/H1403 160
15.01 2,4-Di-tert-butylphenol 0.57 C14H20 206
15.17  Nivalenol 1.49 Ci5H2007 312
15.67 10,13-Octadecadiynoic acid, methyl ester 121 CasHaa 334
22.20 13-Phenylpentacosane 2.32 Csi1Hse 428
22.37  5-Phenyleicosane 1.44 Ca6Has 358
24.35 Cyclopentanetridecanoic acid methyl ester 0.54 Ci9H3602 292
25.07  Myristyl Oleate 0.57 Cs2He202 478
27.92  Ethyl iso-allocholate 0.37 Ca26H4405 436
28.04  12-O-acetyl-8-O-tigloylingol 0.76 C27H350s 490
28.74  Dimethoxyglycerol Docosyl ether 1.32 C27H5605 460
29.64  6-[7-nitrobenzofurazan-4-ylJamino- Morphinan-4,5-poxy- 046  CyH27NsOs 505
3,6-di-ol
31.68  3-acetoxy-7,8-epoxylanostan-11-ol 1.16 C32H5404 502
32.24  18,19-Didehydro-10-methoxycorynan-17-ol 0.74  CyoH2N20: 326
32.30 Gomezine 0.44 CigHa0N2 264
32.74  Arachidyl oleate 0.35 CssH7402 562
34.23  Isomexoticin 1.72 C16H2006 308
35.31  9-Desoxo-9-x-acetoxy-3,8,12-tri-O-acetylingol 0.85 CasH10010 536
35.37  Lycopene 0.41 CaoHsg 536
37.33  2,6-dimethyl-N-(2-methyl-a-phenylbenzyl)aniline 19.43 C24H3504 390
38.42  Octadecanoic acid 3-octadecyloxypropyl ester 3.89 CsoH7503 594

RT: Retention time (min)

2. HPL.C analysis of extract

The HPLC analysis confirmed the identification
of two flavonoid compounds quercetin and 7-
hydroxyflavone at the retention times of 7.00 and
11.10 min (Figure 2), with concentrations of 12.36
and 15.14 mg/mL, respectively.

Previously = works  showed  that 6,8-
dihydroxykaempferol 3-rutinoside, quercetin and its
3-O-rutinoside and 3-rutinoside-7-glucoside, were
isolated and identified from the leaves of W.
somnifera (Kandil et al., 1994). Gallic acid,
chlorogenic acid, caffic acid, sinapic acid, rutin
hydrate, quercetin-3-rhamnoside and quercetin were
identified from leaf extract of W.somnifera (Pal et
al., 2015). In humans, W.somnifera showed no in
vitro CYP3A4 and CYP2D6 enzyme interactions

(Savai et al., 2015). Moreover, 17 phytochemicals
from W. somnifera have the higher affinity for S1'-
specificity pocket of the MMP-9 catalytic domain
than two inhibitors reverse hydroxamate and
quercetin (Kumar et al., 2017). Flavonoids and
phenolic acids such as gallic acid, vanillic acid,
rutein, quercetin, kaempferol were identified using
TLC from W. somnifera leaves extract (Sivamani et
al., 2014). Reverse-phase high pressure liquid
chromatography (RP-HPLC) was used for the
identification epicatechin (3.21 pg/g), quercetin-3-
rhamnoside (1.12 pg/g), gallic acid (0.05 ng/g) and
rutin hydrate (0.01 pg/g) from W. somnifera root
(Pal et al., 2012).
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Figure 2: HPLC chromatogram of the identified compounds; quercetin and 7-hydroxyflavone.

As a nutritional supplement, quercetin, a plant-
derived aglycone form of flavonoid glycosides, may
be beneficial against various diseases such as
osteoporosis, certain forms of cancer, pulmonary
and cardiovascular diseases (Boots et al., 2008;
Zhang et al., 2011). Quercetin has been reported to
have several biological activities such as anticancer,
antioxidant and antimicrobial (Baghel et al., 2012),
and is one of the most prominent dietary
antioxidants (Boots et al., 2008). Quercetin has
numerous antioxidant activities, including its effects
on enzymatic activity, glutathione (GSH), reactive
oxygen species (ROS) and signal transduction
pathways caused by environmental and
toxicological factors (Xu et al., 2019). Six quercetin
derivatives of tamarixetin, isorhamnetin, quercetin-
3-O-glucuronide, quercetin-3,4'-di-O-glucoside,
isorhamnetin-3-O-glucoside, and quercetin-
3,5,7,3",4'-pentamethylether have been observed
good anti-inflammatory activities compared to
butylated hydroxytoluene and aspirin (Lesjak et al.,
2018). Quercetin was found in Ashwagandharishta-
T, M and its marketed formulation at 0.0021,
0.00192 and 0.00197% wi/w, respectively while
rutin was found at 0.00469, 0.00441 and 0.00464%
w/w respectively (Tiwari; Patel 2012). Another
study showed that the leaves of W. somnifera have a
higher content of flavonoids and polyphenols, with
total antioxidant activity of 7.52 mg eq. GA g-1
d.w., 2.30 mg eq. quercetin g-1 d.w. and 38.2 mg
eq. GA g-1 d.w., respectively (Molchanova et al.,
2019).

7-Hydroxyflavone is identified in leas extract of
W. somnifera, where this compound showed
medicinal values such as anti-glycation activity
(Chinchansure et al., 2015). Mixtures containing
flavone and 7-hydroxyflavon caused potential
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fungal growth inhibition (Orner; Jha 1993). 7-
hydroxyflavone showed good antifungal activity
against against Cladosporium herbarum and
Penicillium glabrum (Martini et al., 1997), and
against five storage fungi of the genus Aspergillus
(Weidenbdrner et al., 1990).

CONCLUSION

Withania somnifera leaf extract showed several
bioactive compounds as analyzed by
chromatographic tools of GC-MS and HPLC. These
compounds (2,6-dimethyl-N-(2-methyl-a-
phenylbenzyl)  aniline,  4-aminoheptane, n-
undecanophenone, quercetin and 7-hydroxyflavone)
could be used for several biological and medical
purposes.
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