N International Journal of Secondary Metabolite

- I J b IVI 2024, Vol. 11, No. 1, 63-77

International Journal of . .
Secondary Metabolite https://doi.org/10.21448/ijsm.1256932

journal homepage: https://dergipark.org.tr/en/pub/ijsm Research Article

GC-MS profiling of anticancer and antimicrobial phytochemicals in the
vegetative leaf, root, and stem of Withania somnifera (L.) Dunal

Lali Lingfa®!, Aravinda Tirumala>2, Srinivas Ankanagari®!"

!Department of Genetics and Biotechnology, University College of Science, Osmania University, Hyderabad -500
007 (T.S), India

2Department of Botany, Nagarjuna Government College, Mahatma Gandhi University, Nalagonda - 508 001 (T.S).
India

ARTICLE HISTORY Abstract: Withania somnifera has been used for a long time in traditional
Received: Feb. 27, 2023 medicine. Its crude extrac.t,.drled powder., and pur}ﬁed metabohteg from mature
plants have shown promising therapeutic potential. To further investigate its
Accepted: Dec. 15,2023 potential, the detection of phytochemicals with anticancer and antimicrobial
properties in the vegetative stage is essential. Hence, this study was done to identify
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Herbal medicine activities in the vegetative stage from methanolic extracts of stem, leaf, and root in
' W. somnifera. The air-dried plant parts were extracted with methanol at low

GC-MS, . o . .
o . pressure to concentrate using a rotary evaporator at 40°C. To identify
Am!mlcrOb'al' phytochemicals, Shimadzu GCMSQP2010, Japan, was wused with the
Anticancer, NIST107.LIB database. The GC-MS identified 35 unique phytochemical peaks at
Withania somnifera. the vegetative stage in W. somnifera. In leaves, the antibacterial phytochemicals

included cyclotrisiloxane, hexamethyl, with a high abundance, and
cyclohexasiloxane, dodecamethyl, with the least abundance. In roots, the
phytochemicals 2,2-dimethoxybutane, with high abundance, and cathinone, with
least abundance, were found to have antibacterial properties, whereas trans-2,3-
epoxyoctane, with high abundance, and 2,2-dimethoxybutane, with least
abundance, were found to have anticancer properties. In stem, the antibacterial
phytoconstituents octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl, and benzenemethanol, alpha.-(1-aminoethyl), were found to be
the most abundant and least abundant, respectively, while arabinitol and
pentaacetate had both anticancer and antibacterial activities. At the vegetative
stage, GC-MS studies of stem, leaf, and root parts revealed the occurrence of
potential phytochemicals for antibacterial and anticancer activities in W. somnifera.

1. INTRODUCTION

Withania somnifera (L.) Dunal, a significant Ayurvedic medicinal plant with a variety of
therapeutic uses and activities, is a member of the Solanaceae family and is generally referred
to as ashwagandha (Dutta et al., 2019). Plant extract and its active constituents from the
complete plant, as well as stems, roots, and leaf parts, have been used in the treatment of a broad
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range of ailments in humans (Altemimi et al., 2017). Studies indicate that Ashwagandha has
been used for a long time as a tonic, in stress management, in improving cognitive health, in
decreasing depression, and in lowering cortisol and blood sugar levels (Salve et al., 2019).

This plant has anti-arthritic, anti-inflammatory, anti-epileptic, anti-coagulant, anti-oxidant,
anti-depressant, anti-pyretic, and anti-diabetic effects. It also has palliative properties for
growth promotion, analgesia, rejuvenation, and regeneration. The plant is found to positively
influence metabolism, act as anti-serotogenic, and have other vital properties (Saidulu et al.,
2014). Despite its multidrug constituent and medical use since time immemorial, W. somnifera
still needs to be extensively studied in terms of antimicrobial and anticancer properties, as well
as phytochemical correlation (Musher et al., 2021). Moreover, the herbal products of
Ashwagandha sold on the market do not adequately explain the phytochemical constituents of
the plant and its medicinal properties, as well as the information about the number of bioactive
constituents, the reason for harvesting the selected parts of the plant, and the correct
developmental stages of the plant that yield the best products (Salemm et al., 2020).

Hence, examining the phytochemical composition of W. somnifera at various phases of
growth might shed light on how bioactive components alter in plants as they age. Better
therapeutic effectiveness may be ensured by using it to help choose the appropriate
developmental stage that produces the maximum concentration of the targeted chemicals. Thus,
the investigation of W. somnifera bioactive components at various developmental stages using
GC-MS is a useful method for understanding the therapeutic qualities of plants, refining
cultivation techniques, and guaranteeing product quality. According to prior research, W.
somnifera should be harvested (Kaur et al., 2018; Afewerky et al., 2021), depending on its dry
weight, harvesting period, and mature plant phytochemical profile (Salemm et al., 2020).
However, the phytochemical profile of W. somnifera based on plant vegetative growth and
developmental phases currently has a gap. Thus, in this study, using GC-MS, the phytochemical
constituents at the vegetative stage of the W. somnifera stem, leaf, and root parts were identified.

2. MATERIAL and METHODS
2.1. Plant Authentication and Material Collection

W. somnifera seeds were obtained from Zooga Herbs in Chennai, Tamil Nadu. In the natural
soil conditions, the seeds were sown and grown at the Department of Genetics, Osmania
University, Hyderabad, Telangana. The plant authentication of W. somnifera was done by Dr.
A. Vijaya Bhaskar Reddy, Botany Department, Osmania University, Hyderabad. The plant
material was placed in the Botany Department herbarium, Osmania University, Hyderabad,
with the voucher number: GEN/OU/001-2018-HY .

2.2. Plant Parts Methanolic Extraction

The W. sominifera stem, root, and leaf parts were ground coarsely extracted and in a Soxhlet
apparatus for 24 hours with methanol (100 ml), followed by air drying. In a rotary evaporator
maintained at 40 °C, the extract was concentrated with reduced pressure to produce a semi-
solid viscous mass.

2.3. Instrumentation and Sample Analysis in GC-MS

Shimadzu model GCMSQP2010, Japan, was used. The GC-MS system was equipped with the
injection port (SPL-1) and injection heat port (INJ-1) to analyse the phytochemicals in the leaf,
stem, and root methanolic extracts of W. somnifera. An ion source temperature of 230°C and
an interface temperature of 250°C were established for a mass-selective detector. A capillary
column ZB-5 measuring 30.0 m in length, 0.32 mm in diameter, and 0.25 um in film thickness
was employed in MS analysis running at 70 eV in the electron impact mode. With a 1pl
injection volume and a 1.71 mL/min flow rate, the carrier gas 99.9% helium was utilized in a
split-less injection (50:1 ratio of split) mode at 250 °C injection temperature. The injection was
carried out at a constant linear speed of 47.1 cm/sec, a purge flow of 3 mL/min, and a total flow
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of 90.0 mL/min. Initially, 40 °C was maintained in the oven for a duration of one minute. It was
elevated to 300 °C gradually at a rate of 10 °C per minute. A total run time of 37 minutes was
set for the sample. The mass spectrum range was set at 0-1000 m/z.

2.4. ldentification of Phytochemicals

The identification of compounds was done by matching spectra with National Institute of
Standards and Technology database library (NIST107.LIB) compounds to determine their
names, structures, and molecular weights. Retention time (RT) for GC was used to determine
components, and MS fragment interpretation was done by comparison with the NIST107.LIB
database.

3. RESULTS
3.1. GC-MS of Vegetative Leaf

In W. somnifera vegetative leaf methanol extract, GC-MS identified eighteen unique
compounds, as shown in Figure 1. The chromatogram peaks, RT, name of the compound, area
of peak, and molecular formulae are presented in Table 1. It indicates presence of compounds
ethane, 1,2-dichloro-1-ethoxy- (39.96%); dextroamphetamine (14.79%); 1,3,5-
cycloheptatriene (4.29%); propane, 2,2-dimethoxy- (3.87%); alpha.-acetyl-N,N-dinormethadol
(3.39%); tartronic acid, 4-(dimethylethylsilyl)phenyl-, dimethyl ester (2.72%);
cyclotetrasiloxane, octamethyl- (2.67%); 1,2-Dihydro-2,4-diphenyl-quinazoline (2.4%); 3-
ethoxy-1,1,1,5,5,5-hexamethyl-3-(trimethylsiloxy)trisiloxane (1.6%); 1H-indole-2,3-dione, 3-
(O-ethyloxi), 1-(tert-butyldimethylsilyl)-5-chloro-, (1.95%); trimethylsilyl ester, 3-methyl-2-
trimethylsilyloxy-, benzoic acid (1.71%); cyclotrisiloxane, hexamethyl-(1.69%);
norepinephrine,  N-(trifluoroacetyl) -N,0,0',0"- tetrakis (trimethylsilyl)- (1.43%);
1,2,3,5,6,7,8,8a - octahydro-4-trimethyl, 1,2-cinnolinedicarboxylic acid (1.36%); silane, [(1,3-
diphenyl-1-butenyl)oxy]trimethyl- (1.3%); cycloheptasiloxane, tetradecamethyl- (1.13%); (+)-
2-Aminoheptane (0.2%); cyclohexasiloxane, dodecamethyl- (0.17%); and, N-acetyl-2-
methylamphetamine (0.12%).
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Figure 1. GC-MS chromatogram of methanol-extracted vegetative leaves from Withania somnifera,
where the x-axis represents run time and y-axis represents abundance.

In W. somnifera vegetative leaf methanolic extracts, six compounds with antimicrobial
activities were identified through a GC-MS study. The chromatogram peaks, area, compound
name, RT, molecular formulae, and therapeutic activity are presented in Table 1. These
phytochemicals are 1,3,5-cycloheptatriene (4.29%); cyclotrisiloxane, hexamethyl- (1.69%);
cyclotetrasiloxane, octamethyl- (2.67%); N- (trifluoroacetyl)-N,O,0',0" tetrakis (trimethylsilyl)
norepinephrine (1.43%); dodecamethyl-cyclohexasiloxane (0.17%); cycloheptasiloxane,
tetradecamethyl- (1.13%). There were no proven anticancer compounds identified in the
vegetative-stage leaf methanolic extracts of W. somnifera.
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Table 1. GC-MS identified phytochemicals in W. somnifera vegetative leaf methanol extracts.

Peaks RT Compound name Formulae m/z Pea(l)< Phytochemical Thera_lpc_eutlc References
area% group activity
1 0.021  Dextroamphetamine CoHisN 44.10 14.79 Flavonoid NA
2 1.089  Ethane, 1,2-dichloro-1-ethoxy- C4HsCI20 34.70 39.96 Organohalogen NA
5 1.605  Propane, 2,2-dimethoxy- CsH1,02 73.10 3.87 Flavonoid NA
6 2446  1,3,5-Cycloheptatriene C7Hs 91.15 4.29 Terpenoid Antibacterial  Yunnikova et al., 2014.
7 3.024  Cyclotrisiloxane, hexamethyl- CeH1503Sis  207.00 1.69 Terpenoid Antibacterial  Dahpour et al., 2012.
8 5577  Cyclotetrasiloxane, octamethyl-  CgH,40.Sis  281.15 2.67 Terpenoid Antibacterial  Keskin et al., 2012,
N,0,0',0' tetrakis CasHuFsNO
9 7.946  (trimethylsilyl) norepinephrine, Sis 4 * 7315 1.43 Alkaloid Antibacterial ~ Soliman et al., 2016.
N-(Trifluoroacetyl) -
10 10623 Cyclohexasiloxane, CiHsO6Sis 7310 017  Alkaloid Antibacterial  Moustafa et al., 2013.
Dodecamethyl-,
11 12926 I;gzﬂee‘;‘a”;ﬁ%‘){;ne CuHuO:Si; 7315 113 Alkaloid Antibacterial b oonumara etal,
12 24.695 (+)-2-Aminoheptane C/Hi7N 44.10 0.2 Alkaloid NA
13 25,51  N-Acetyl-2-methylamphetamine  C1,H17NO 44.10 0.12 Alkaloid NA
14 29081 L2 Dihydro-2,4-diphenyl- CuHuN:  207.10 24 Alkaloid NA
guinazoline
1-(tert-butyldimethylsilyl)-5- CieHonCIN
15  33.485 chloro-, 3-(O-ethyloxi, 1H- 1072812 208.05  1.95 Alkaloids NA
. 0O,Si
Indole-2, 3-dione,
16 3379 fPIa-AcelENN- CaHzNO, 4410 339  Terpenoids NA
17 34985 b[ﬁeiyc:;g?g]?r: nlmthyl_’ e CoMOSi 28110 13 Terpenoids NA
Trimethylsilyl ester, benzoic
20 35.48 acid, 3-methy|-2- C14H2403Si2 281.10 1.71 Phenolic NA
trimethylsilyloxy-
3-Ethoxy-1,1,1,5,5,5 -
21 3559  hexamethyl -, 3 - CuH3,04Sis  208.05 1.6 Phenolic NA

(trimethylsiloxy) trisiloxane
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3.2. GC-MS of Vegetative Root

In W. somnifera vegetative root methanol extracts, GC-MS identified seventeen compounds, as
shown in Figure 2. In Table 2, the peaks RT, compound name, area, and molecular formulae
are presented. The predominant compounds found to be were: trans-2,3-epoxyoctane (84.78%);
- 3,5,5-tris (trimethylsiloxy) tetrasilo, 3 — isopropoxy - 1,1,1,7,7,7- hexamethyl (2.09%); 2, 2-
dimethoxybutane (0.44%)); hexadecamethyl-, cyclooctasiloxane, (0.4%);
1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl-, hexasiloxane (0.26%); ethyl ester, benzeneacetic acid,
3-methoxy-4-[(trimethylsilyl)oxy]- (0.19%); 3,5-dimethyl-, (3,5-dimethylphenyl)methyl ester,
benzoic acid (0.18%); benzoxazolinone, 4,5 - dibromo - 6 -chloro - 2 - (0.18%); 1,1,3,3,5,5-
hexamethyl-, trisiloxane (0.17%); silane, methyltripropoxy- (0.14%); pentasiloxane,
1,1,3,3,5,5,7,7,9,9-decamethyl- (0.14%); 2-propanone, 1-methoxy-(0.07%); cyclooctasiloxane,
hexadecamethyl- (0.4%); allyl(methoxy)dimethylsilane (0.03%); cathinone (0.03%); 5-chloro-
6-methyl-, spiro[2.3]hexan-4-one (0.02%); and, 1,3,2-dithiaborinane, 2-ethyl- (0%).
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Figure 2. GC-MS chromatogram of methanol-extracted vegetative roots from Withania somnifera,
where the x-axis represents run time and the y-axis represents abundance.

In W. somnifera vegetative root methanolic extracts, twelve compounds with antimicrobial
activities were identified through GC-MS. The chromatogram peaks area, molecular formulae
RT, name of the compound, and its antimicrobial and anticancer bioactivities are presented in
Table 2. The phytochemicals found to be 2,2-dimethoxybutane (0.44%); cyclotrisiloxane,
hexamethyl-  (0.14%); octamethyl-, cyclotetrasiloxane (0.13%); cyclooctasiloxane,
hexadecamethyl- (0.4%); N,0,0',0" - tetrakis (trimethylsilyl) norepinephrine, N-
(trifluoroacetyl) - (0.23%); cyclohexasiloxane, dodecamethyl- (0.48%); cathinone (0.03%);
1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl-, hexasiloxane (0.26%); ethyl ester, 3-methoxy-4-
[(trimethylsilyl)oxy]-, benzeneacetic acid (0.19%); 3,5-dimethyl-, benzoic acid (3,5-
dimethylphenyl)methyl ester (0.18%); pentasiloxane, 1,1,3,3,5,5,7,7,9,9-decamethyl- (0.14%)
and benzoic acid, 3-methyl-2-trimethylsilyloxy-, trimethylsilyl ester (0.19%). The trans-2,3-
epoxyoctane (84.78%) was identified as a phytochemical with anticancer properties, and the

2,2-dimethoxybutane (0.44%) was identified as a phytochemical with both anticancer and
antibacterial properties.
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Table 2. GC-MS identified phytochemicals in W. somnifera vegetative root methanolic extracts.

Peaks RT  Compound name Formulae m/z Peak Phytochemical Th(_arz_ipeutlc References
area%  groups activity
. . Akter et al.,
1 0.082  Trans-2,3-Epoxyoctane CsH160 53.15 84.78 Fatty acids Anticancer 2022
3 1.138  2-Propanone, 1-methoxy- C4HgO2 73.15  0.07 Flavonoid NA
. . Antibacterial & Hajjar et al.,

7 2.348  2,2-Dimethoxybutane CesH1402 4315 044 Fatty acids Anticancer 2017,
10 3.836  5-chloro-6-methyl-, spiro[2.3]hexan-4-one  C;HoCIO 40.05 0.02 Terpenoids NA
12 6.125 1,3,2-Dithiaborinane, 2-ethyl- CsHuBS; 4005 0 Organohalogen ~ NA
18 1149 2 (Dimethylaminomethyl) -3 - CoHuN:0: 4410 002  Alkaloids NA

nitrophenol

Hexamethyl-3,5,5-
19 12.74  tris(trimethylsiloxy)tetrasilo, 3 - CigHs207Siz  73.10 2.09 Phenolic NA

Isopropoxy-1,1,1,7,7,7 -
20 1638  Cyclooctasiloxane, hexadecamethyl- CisHuOsSis 7315 04 Alkaloids Antibacterial oo etal.
8 5.572  Cyclotetrasiloxane, octamethyl- CsH2404Si4 281.20 0.13 Alkaloids Antibacterial I2<()efi2< inetal.,
21 18.27  Cathinone CoH1:NO 4410  0.03 Alkaloids Antibacterial
2 3027 Li335577991L11-dodecamethyl o b oo6i; 20710 026 Alkaloids Antibacterial ~ Majumder et

hexasiloxane al., 2019.
23 31.1 gégfthoxy-#[(tnmethyIS|IyI)oxy]—, ethyl C14H220,Si 208.10 0.19 Terpenoids Antibacterial 2K§;/1|ya etal,
25 31.61  Trisiloxane, 1,1,3,3,5,5-hexamethyl- CeH200,Si3 207.10 0.17 Alkaloids NA

. EL-Zawawy

28 3548  Denzoic acid, dimethylphenyl)methyl CisH200; 13310 018  Terpenoids Antibacterial  and Mona,

ester 2021
31 3700 L133557.7.9,9-decamethyl, CuHzOSis  191.05 014  Alkaloids Antibacterial ~ mratietal,

pentasiloxane, 2021.
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3.3. GC-MS of Vegetative Stem

In W. somnifera vegetative stem methanolic extracts, eighteen unique phytochemicals were
identified by GC-MS analysis, as shown in Figure 3. In Table 3, peak area, RT, compound
name, and molecular formulae are presented. The phytochemicals identified included
benzenemethanol, alpha.-(1-aminoethyl)- (28.07%); 2-butynoic acid (1.47%); 2
hydroxybenzophenone, 3 - tert - butyl - 5 - chloro - (4.96%); 5 - (ethyl-1-amine) bicyclo [2.2.1],
heptane (3.25%); 3-amino-1,2-propanediol (2.24%); 2-hydroxy-5-[N,N-
dimethylaminomethyl]benzoic acid (0.88%); 1,1,3,3,5,5,7,7,9,9,11,11,13,13-tetradecamethyl-,
heptasiloxane (0.04%); 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl-, octasiloxane
(0.05%); Arabinitol, pentaacetate (0.05%); cyclononasiloxane, octadecamethyl-  (0.15%);

2,4,6,8,10-tetradecapentaenoic  acid,  9a-(acetyloxy)-1a,1b,4,4a,5,7a,7b (0.22%));
heptasiloxane, hexadecamethyl-(8.88%); northiaden (0.03%); tert-butyld, benzenepropanoic
acid,  Dbeta.-[(tert-butyldimethylsilyl)oxy]-,  (1.45%); benzoic  acid, 4-methyl-2-
trimethylsilyloxy-,  trimethylsilyl  ester, (0.96%); silanamine, N-[2,6-dimethyl-4-
[(trimethylsilyl)oxy]phenyl]-1,1,1-trimet, (0.65%); 1-propanone, 1,3-diphenyl-3-
(trimethylsilyl)- (0.05%); and dihydropyrimidinyl-4 uracil, 5-2-Oxo-6-phenyl-1,2 (0.87%).
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Figure 3. GC-MS chromatogram of methanol-extracted vegetative stems from Withania somnifera,
where the x-axis represents run time and the y-axis represents abundance.

In W. sominifera vegetative stem methanolic extracts, phytochemicals identified with
antimicrobial properties are given in Table 3. These included benzeneethanamine, N - (3-
methylbutylidene)- (28.07%); 2-pyridinecarboxamide N-oxide (2.3%); 2,2-dimethoxybutane
(0.88%); cyclotrisiloxane, hexamethyl- (0.19%); benzenemethanol, .alpha.-(1-aminoethyl)-
(0.04%); 2 butynoic acid (0.05%); bicyclo[2.2.1], heptane-5-(ethyl-1-amine) (0.02%); 3-tert-
Butyl-5-chloro-2-hydroxybenzophenone (0.05%); cyclotetrasiloxane, octamethyl- (0.15%);
cyclohexasiloxane, dodecamethyl- (0.99%); tetrakis (trimethylsilyl) norepinephrine, N-
(trifluoroacetyl) - N,0,0',0" — (0.22%); cycloheptasiloxane, tetradecamethyl- (8.88%); 3-

amino-1,2-propanediol (0.06%); 1,1,3,3,5,5,7,7,9,9,11,11,13,13-tetradecamethyl-,
cyclooctasiloxane, hexadecamethyl- 5 heptasiloxane (2.8%);
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl-, octasiloxane (1.45%);

hexadecamethyl, heptasiloxane (0.75%) and, cyclononasiloxane, octadecamethyl- (0.65%).
Whereas arabinitol, pentaacetate (0.07%) was identified as a phytochemical with both
anticancer and antimicrobial properties.
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Table 3. GC-MS identified phytochemicals in Withania somnifera vegetative stem methanolic extracts.

Peaks RT  Compound name Formulae m/z Peak Phytochemical Th(_argpeutlc References
area% groups activity

2 0095 Denzenemethanol, alpha.-(1- CHuNO 4405 2807  Alkaloid Antibacterial  Diale et al., 2021.
aminoethyl)-

3 0.185 2-Butynoic acid C4H4O2 40.05 1.47 Carbohydrate Antibacterial ggggbna—Rlos etal,
3-tert-Butyl-5-chloro-2- . . . .

4 0.195 hydroxybenzophenone C17H17CIO; 40.05 4.96 Alkaloid Antibacterial  Fagbemi et al., 2021.
Bicyclo [2.2.1], heptane — 5 - (ethyl-1- . . . Zielinska-Btajet et al.,

5 0.235 amine) CoH17N 44.05 3.25 Amine Antibacterial 2020.

6 2.34  2,2-Dimethoxybutane CsH140: 43.05 0.88 Fatty acids Antibacterial ~ Hajjar et al., 2017.

10 1.594 3-Amino-1,2-propanediol CsHsNO; 4405  2.24 Alcohol Antifungal ggz”zumam'”a etal,
2-Hydroxy-5-[N,N- .

11 2.34 dimethylaminomethylJbenzoic acid C10H13NO3 44.05 0.88 Alkaloid NA
1,1,3,3,55,7,7,9,9,11,11,13,13- . - . . .

13 3.656 tetradecamethyl- Heptasiloxane C14HuO6Siz  73.05 0.04 Organosilicon  Antibacterial ~ Mukesi et al., 2019.

14 4045 DL33SSNISIILILISISISIS 0 b 6 7305 005 Alkaloid Antibacterial  Falowo et al., 2017.
hexadecamethyl-octasiloxane

- . Antibacterial

15 4.154 Arabinitol, pentaacetate C15H2010 38.30 0.05 Terpenoids & Anticancer Khan et al., 2021.

16  3.005 Cyclotrisiloxane, hexamethyl- CesH1303Si3 73.10 0.19 Organosilicon  Antibacterial  Dahpour et al., 2012.

17 5.564 Cyclononasiloxane, octadecamethyl- C3sH460sg 73.05 0.15 Fatty acids Antibacterial Keskin et al., 2012.
2,4,6,8,10-Tetradecapentaenoic acid, 9 . .

18  7.937 a - (acetyloxy)-1a.1b,4,4a,5,7a,7h- CisHs5400Sis  44.05 0.22 Fatty acids ND

20 12.669 Heptasiloxane, hexadecamethyl- Ca6H4608 73.07 8.88 Organosilicon  Antibacterial  Hassan, 2016.

22 15.045 Northiaden CigH19NS 44.10 0.03 Flavonoids NA
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Beta.-[(tert-butyldimethylsilyl)oxy]-,

25 2143 tert-butyld, benzenepropanoic acid, C21H3805Si;  96.05 1.45 Alkaloid NA
Trimethylsilyl ester, benzoic acid, 4- . .

27  23.095 methyl-2-trimethylsilyloxy- C14H2403Si;  280.95  0.96 Phenolic NA
Silanamine, N-[2,6-dimethyl-4-

28  24.565 [(trimethylsilyl)oxy]phenyl]-1,1,1- Cu4H27NOSi,  73.05 0.65 Alkaloid NA
trimet
1-Propanone, 1,3-diphenyl-3- . .

29 2475 (trimethylsilyl)- C18H220Si 281.95  0.05 Fatty acids NA

30 25768 O (2~ Ox0-6-phenyl-1,2- CuHoNO: 28190  0.87 Alkaloid NA

dihydropyrimidinyl - 4)- Uracil
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4. DISCUSSION and CONCLUSION

W. somnifera-based medicines have been used to treat various human illnesses (Altemimi et
al., 2017). Most often, the W. somnifera roots of mature plants are favoured for a variety of
therapeutic uses (Afewerky et al., 2021). The root, stem, and leaf extracts of W. somnifera have
been shown to be active against several cancers (Yadav et al., 2010; Dutta et al., 2019). Also,
aqueous and alcoholic extracts of W. somnifera leaf, stem, and root have been shown to have
antimicrobial properties against a variety of microorganisms (Bisht and Rawat, 2014; Singariya
et al., 2011). These phytochemicals with anticancer and antimicrobial properties in W.
somnifera were found to vary depending on the organ (Lingfa et al., 2022). Moreover, their
phytochemical status during the vegetative stage is not yet studied in root, stem, and leaf.
Hence, it is crucial to understand the bioactive phytochemical distribution in various parts of
the plant at various developmental stages, including the vegetative stage of the leaf, stem, and
root, for the further development of effective herbal-based formulations.

GC-MS analysis was used in this work to characterize the phytochemicals in W. somnifera.
The plant parts investigated included the stem, leaf, and root, which were extracted using
methanol as the solvent. The choice of methanol as the extraction solvent was based on previous
studies that have shown that it yields the highest concentration of alkaloid, flavonoid, phenolic,
and terpenoid components in W. somnifera (Ruiz-Ruiz et al., 2017; Kuppusamy et al., 2015;
and Chao et al., 2014). The extracted samples were then subjected to GC-MS analysis, which
involved chromatographic separation, quantification, and identification of the phytochemical
compounds. The distribution and existence of antibacterial and anticancer phytochemicals in
W. somnifera vegetative stage were determined using the GC-MS. The use of GC-MS analysis
is advantageous as it is a quick and economical method for evaluating herbal products and
provides detailed information on the chemical composition of the plant extracts.

The identified phytochemicals in W. somnifera vegetative leaf methanolic extracts, such as
1,3,5-cycloheptatriene (Yunnikova et al., 2014) and cyclotrisiloxane, hexamethyl- have been
reported in Sedum pallidum (Dahpour et al., 2012) to have antibacterial properties. The
phytochemical cyclotetrasiloxane, octamethyl-, is also found in W. somnifera methanolic stem
extracts of reproductive stage (Lingfa et al., 2023). In W. somnifera vegetative stage leaf
methanolic extract: N,0,0',0'- tetrakis (trimethylsilyl), N- (trifluoroacetyl) — norepinephrine
phytochemicals were found in red sea cucumber (Soliman et al., 2016). cyclohexasiloxane,
dodecamethyl in Argemone ochroleuca (Moustafa et al., 2013). Cycloheptasiloxane,
tetradecamethyl- in Senna auriculaita (Prasathkumara et al., 2021) and reported to have
antibacterial properties.

The bioactive phytochemicals benzenemethanol, alpha-(1-aminoethyl)- in Ribwort plantain
(Haghighi et al., 2022), 3-tert-butyl-5—chloro-2-hydroxybenzophenone in the Tamarindus
indica (Fagbemi et al., 2021), cyclotetrasiloxane, octamethyl- in Olea europaea (Keskin et al.,
2012), N-(Trifluoroacetyl)- N,O,0',O'-tetrakis (trimethylsilyl) norepinephrine in the red sea
cucumber Holothuria atra (Soliman et al., 2016), cyclohexasiloxane, dodecamethyl- in
Argemone ochroleuca (Moustafa et al., 2013), cycloheptasiloxane, tetradecamethyl- in Senna
auriculata (Prasathkumara et al., 2021), cyclooctasiloxane, hexadecamethyl- in Sedum
pallidum (Dahpour et al, 2012), heptasiloxane, 1,1,3,3,55,7,7,9,9,11,11,13,13-
tetradecamethyl- in Olea europaea (Mukesi et al., 2019), 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl-octasiloxane in Moringa oleifera (Falowo et al., 2017) identified in previous
studies to have antibacterial properties are identified in the methanolic extracts of W. somnifera
vegetative stem. The phytochemicals in methanolic extracts of stem from W. somnifera,
Cyclononasiloxane, octadecamethyl-, were found to be antibacterial as well as antifungal in
Salvadora persica (Bratty et al., 2020), 3-amino-1,2-propanediol as antifungal in Solanum
khasianum (Chirumamilla et al., 2022). Additionally, the identified phytochemicals in this
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study in W. somnifera, heptasiloxane, hexadecamethyl- (Bratty et al., 2020),
benzeneethanamine, N-(3-methylbutylidene)- (Diale et al., 2021), 2-butynoic acid (Sanabria-
Rios et al., 2020), and bicyclo [2.2.1] heptane-5-(ethyl-1-amine) (Zielinska-Btajet et al., 2020)
have been previously reported to be antibacterial. The antibacterial activity of these
compounds’ ability may be ascribed to disrupt membranes in bacterial cell or inhibit enzymes
that are essentially involved in bacterial growth and replication (Barbieri et al., 2017).

In W. sominfera, vegetative root methanolic root extracts, the trans-2,3-epoxyoctane, has
been reported to be anticancer (Akter et al., 2022). It is found in the herbal remedy known as
Triphala, which is made from the fruits of three different herb species: Terminalia bellirica, T.
chebula, and Phyllanthus emblica (Akter et al., 2022). Another phytochemical, 2,2-
Dimethoxybutane has been reported to be both anticancer and antibacterial, and it is found in
the Saudi Arabian herbal fraction, i.e., in JUN_C2 60% (Hajjar et al., 2017). The
phytochemical arabinitol pentaacetate identified in vegetative stem methanolic extracts of W.
somnifera has been shown to have both antibacterial and anticancer properties and was reported
in Abutilon indicum (Khan et al., 2021). The mechanisms by which these anticancer substances
work include triggering apoptosis, or programmed cell death, in cancer cells, preventing tumor
development and metastasis, and adjusting immune responses against cancer cells (Rahman et
al., 2021). To fully understand these phytochemicals' unique modes of action and their uses in
antibacterial and anticancer treatments, further studies are required.

The phytochemicals responsible for anticancer and antimicrobial properties in W. somnifera
at the vegetative stage reveal that phytochemicals found in the leaf, stem, and root parts were
trivial in the vegetative stage compared to the reproductive stage (Lingfa et al., 2023). In the
vegetative stage, the total of phytochemicals with antibacterial and anticancer properties was
found to be highest in stem methanolic extracts and least in leaf methanolic extracts. To our
knowledge, this is the first GC-MS profiling of stem, leaf, and root methanolic extracts based
on the developmental stage, viz., the vegetative stage in W. somnifera. This study identified
phytochemicals that were not previously reported in the GC-MS analysis of W. somnifera.

Most of the phytochemical compounds identified at the vegetative stage from the W.
somnifera methanolic leaf, root, and stem extracts in this study are commercialised as
antibiotics or anticancer medications, such as 1,3,5-cycloheptatriene and cathinone. The
identified phytochemical compound 1,3,5-cycloheptatriene from the vegetative leaf methanolic
extract of W. somnifera is clinically used as an antibacterial compound and is commercially
known as triprolidine (Manikandan et al., 2019). A study shows that the unsubstituted seven-
membered ring structure (triprolidine) has antibacterial activity, and the substitution with a keto
group in the 2-position (tropolone) enhanced the bacteriostatic and bactericidal activity (Trust
and Bartlett 1975). The identified phytochemical compound from the vegetative root
methanolic extract of W. somnifera at the vegetative stage, cathinone, is used to develop a
commercially available drug known as ciprofloxacin, which is useful to treat a variety of
infections, including chancroid, anthrax, respiratory tract infections, and urinary tract infections
(Piddock et al., 2010). It is a quinolin-4(1H)-one and has substitutions at positions 1, 6, 3, and
7 for piperazin-1-yl, cyclopropyl, carboxylic acid, and fluoro, respectively. Its structural
functions are similar to those of a topoisomerase 1V inhibitor (ASHP, 2015).

Traditional herbal medicines developed from W. somnifera play a significant role in the
healthcare system. However, further quality-based product formulation is needed to maximize
consumer benefits. Furthermore, since the distribution and amount of bioactive chemicals in
plants can change throughout the course of their life cycle, the results emphasize the need of
taking the developmental stage into account when analyzing its phytochemical composition.
The identification of bioactive phytochemicals with anticancer and antimicrobial properties in
the vegetative stage extracts of W. somnifera has important implications for the development
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of herbal-based products. These phytochemicals could serve as potential leads for the
development of new antibiotics and anticancer medications. To separate and purify these
substances for usage in therapeutic settings, more investigation is required.

In conclusion, while this study provides valuable insights into the phytochemical
composition of W. somnifera at the vegetative stage, it is important to note that the study
focused on methanolic extracts and specific phytochemicals. Further investigations could
explore other extraction methods and analyze a broader range of phytochemicals. Additionally,
future studies could investigate the biological activities of the identified phytochemicals and
their potential mechanisms of action. Understanding the pharmacological properties of these
compounds could pave the way for the development of novel herbal-based therapies.

Plant Authentication

The plant material (Withania somnifera) was identified and authenticated by Dr. A. Vijaya
Bhaskar Reddy, Assistant Professor, Department of Botany, Osmania University, Hyderabad.
The plant was deposited in the herbarium of the Department of Botany, Osmania University,
Hyderabad, with the voucher number GEN/OU/001-2018-HY.
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