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ABSTRACT

Sorbaria tomentosa (Lindl.), is a graceful shrub bearing a science-based health benefits. This study aimed at
assessing the anticancer potential of ethyl-acetate fractions (EtOAc) of S. tomentosa, and to identify bioactive
natural compounds using HPLC and LC-MS techniques. Prior to the chromatographic analysis, four sub-fractions
(SPE-1-SPE-4) were obtained from solid phase extraction (SPE) of EtOAc of the methanolic plant extract. SPE-2
fraction exhibited considerable levels of cytotoxicity (ICso: 50-75 ug/mL) than the rest of the sub-fractions with
ICs0 ranging in between 230 and 370 ug/mL against A-549, HepG2, and EI-138 human the cancer cell lines. SPE-
2 was injected into a semi-preparative reverse HPLC-based-PDA revealing the occurrence of phenolic com-
pounds. LC-MS analysis resulted in the identification of four bioactive phenolic compounds namely trans-p-
sinapoyl-#-D-glucopyranoside (1), dunnianoside F (2), linoside A (3), and asplenetin (4) in SPE-2. In conclusion,
the isolated compounds from the SPE-2 sub-fraction are the potential source of marked phenolic compounds that

might be a promising option as anticancer agents in both cancer prevention and treatment.

1. Introduction

Cancer is a malignant disease accounting for 10 million deaths in
2020 globally. Treating cancer is a highly complex process, and the most
popular drugs (e.g. cytostatics) impart several detrimental effects, such
as immunosuppression, thrombocytopenia, and neutropenia (Ferlay
et al., 2021). Therefore, pharmacologically active ingredients (e.g. vi-
tamins, polyphenols, and plant-derived bioactive compounds) are
preferred as adjunctive therapies due to their excellent proliferative,
proapoptotic, anti-inflammatory, antioxidant, and healing properties
(Siddiqui et al., 2022). Plant-derived compounds especially phenolic
have shown promising chemopreventive properties such as antioxidants
(cellular defense by inducing antioxidants and scavengers of oxidants),
antimutagenic, and anti-inflammatory (Sharifi-Rad et al., 2023). The
plant phenolic are also known to arrest the cell cycle through the in-
duction of apoptosis, regulation of carcinogen metabolism, and
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expression of ontogenesis. Besides, these compounds provide protection
to DNA and cells, hence preventing the relapse and recurrence of cancer
(Siddiqui et al., 2022; Sharifi-Rad et al., 2023).

Additionally, the utilization of botanical derivatives for phyto-
pharmaceuticals is surpassing an efficient, safer, and cost-effective
platform in the modern medical field. Only ~ 5 % of investigated spe-
cies of higher plants have been so far explored for phytopharmaceutical
drugs, many species are yet to be explored as potential sources of bio-
logically active compounds (Zheleznichenko et al., 2023). In this regard,
natural products from the members of the family Rosaceae, or the rose
family are regarded as the go-to source of drugs for human and animal
ailments (Christenhusz et al., 2016). Sorbaria is a one of the genus of is a
small Asiatic genus of rose family consisted of around 9 species. All of its
species exhibited the occurrence of bioactive flavones, phenols, and
polyphenols in excess, since, hold significant medicinal value as an
antioxidant, anti-inflammatory, antitumor, analgesic, anti-anoxia, and
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Table 1

Cytotoxic activity (ICso values) of ethyl-acetate sub-fractions of Sorbaria
tomentosa against different human cancer cell lines including lung A-549, he-
patocellular HepG2 and urinary bladder EI-138.

Ethyl-acetate sub-fractions ICs values (pg/mL)

A-549 HepG2 EI-138
SPE-1 280 + 1.2 320 + 0.7 230 + 1.8
SPE-2 75 + 2.4 50 + 1.0 60 + 1.4
SPE-3 220 £ 1.7 250 £+ 2.0 370 £ 2.0
SPE-4 250 + 1.3 370 + 1.4 280 + 2.3
Control (Without Drug) > 1000 > 1000 > 1000
Doxorubicin 9.70 + 1.82 8.50 + 3.21 9.50 + 3.21

+ indicates standard errors of the mean of three replicates.

anti-fatigue activity (Javed et al., 2021). Sorbaria is native to tropical
Pakistan, mainly comprised of S. sorbifolia, S. kirilowii, S. grandifiora, and
S. tomentosa.

Sorbaria tomentosa (Lindl.), locally famous as “Karhee or Berre” is a
large, woody sprawling shrub (1.5-3 m tall), bears fern-like leaves (1-8
cm long, and 2-4 cm wide), brown obtuse buds (2 mm long), and small,
creamy white flowers (25 cm long, 4 mm in diameter, and 7 cm wide),
which blooms from July to September (Izhar et al., 2019). This large
woody sprawling shrub is cultivated by local inhabitants of the Hima-
layas as barrier plantings to keep animals out of fields and gardens, and
cities can use this plant to improve air quality by creating green walls
with plants due to their potential to tolerate atmospheric pollution.
Additionally, S. tomentosa is utilized as an ornamental plant and source
of fuel (Hamayun et al., 2006). The whole plant has been recommended
for the treatment of different diseases due to its antioxidant, anti-
inflammatory, antitumor, analgesic, anticancer, antifungal, and hep-
atoprotective potential (Zheleznichenko et al., 2023). For an instant, its
stem, leaves, and fruits utilized to prevent an allergic response and
inflammation (Pankaj and Varma, 2013). The mixture of inflorescence
with mustard oil used to minimize inflammation on the skin (Hamayun
et al., 2006) and the paste of the flower with milk can comfort burn
injuries (Kumar et al., 2009). The occurrence of a reasonable amount of
carbohydrates, proteins, and fat provides a substitute for a high-calorie
diet in anorexia nervosa incidence (Garber et al., 2013).

Over and above, the methanolic extract of S. tomentosa has shown
antitumor effect and phytotoxicity activity, while ethanolic extract has
marked antioxidant activity and stabilization potential for sunflower oil
(Inayatullah et al., 2007). Javed and Shoaib (2021) found methanolic
extract and its n-hexane and ethyl acetate fractions of S. tomentosa to be
the most potent against lung A-549, hepatocellular HepG2, and urinary
bladder EI-138 cell lines. In continuation of their study, Javed et al.
(2021), explored many important compounds of medicinal value
including odd chain of fatty acids (e.g. 3,13-dimethylpentadecanoic
acid, 2,4-dimethyltetradecanoic acid, 2,4-heptadecadienoic acid; ethyl
ester, 2-butyl cyclopropane dodecanoic acid, and heptadecanoic acid;
ethyl ester) from the n-hexane fraction of S. tomentosa through GC-MS
analysis. Likewise, Naz et al. (2023) linked the anti-diabetic activity of
chloroform and methanolic extracts of S. tomentosa with the presence of
an abundance of compounds like oleic acid, a-sitosterol, 8-octadecenoic
acid, lupeol, etc. Moreover, different phytochemicals (e.g. noreugenin,
wogonin, daucosterol, quercetin-3-glucuronide, kaempferol-3-xyloside,
trifolin, tannins, phenol-carboxylic acids, catechins, etc.) have been
documented in the extract of S. sorbifolia and S. pallasii through HPLC
techniques (Zheleznichenko et al., 2022). So far, the literature con-
cerning the occurrence of biologically active substances in S. tomentosa
is still fragmentary.

During the last 20 years, new spectroscopic techniques for structural
identification have emerged, which facilitated the speed and accuracy of
phytochemical analysis (Wolfender et al., 1998). HPLC-PDA (high-res-
olution mass spectrometry- photodiode array) methods have gained
more interest as the reliable, cost-effective, rapid, and accurate choice
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for the analysis of phytochemicals (Chroho et al., 2022). Qualitative
information on chemical constituents, purity of the chromatographic
peaks, and multiple wavelengths of chromatograms can easily be ob-
tained by PDA (Khan et al., 2018). HPLC-PDA profiling has been found
effective in the identification of bioactive compounds mainly phenolic
compounds in Bougainvillea glabra (Saleem et al., 2020). However, like
the UV spectrum, the structural information provided by HPLC is
generally limited, whereas the mass spectrometer (MS) detection system
coupled with the interface is relatively efficient in structural charac-
terization (Kumar, 2017). So far, LC-MS (liquid chromatography-mass
spectrometry) is regarded as a rapid, essential, sensitive, and versatile
analytical technique for the identification of unknown compounds to
achieve noise reduction and sensitivity improvements (Lopez-Fernandez
et al., 2020). Furthermore, the soft-ionization technique namely elec-
trospray ionization (ESI) has gained momentum in the determination of
the molecular mass of the biological samples and has solved the problem
of high polarity and ionization of thermally unstable proteins. ESI is the
most successful interface used in LC-MS configuration, where the pos-
itive ion mode (ESI + ) is generally preferred as more compounds are
expected to ionize in this mode (Altemimi et al., 2017). Therefore,
LC-ESI/MS offers a novel powerful method to spot the unidentified
bioactive compounds present in the plant extracts through high sepa-
ration capacity of HPLC and precise structural and functional charac-
terization by MS.

This research aimed to appraise the anticancer potential of ethyl-
acetate fractions of S. tomentosa against three cancer cell lines viz., A-
549 (lung adenocarcinoma), HepG2 (hepatocellular carcinoma), and EI-
138 (urinary bladder cancer cell), and to provide a comprehensive
phytochemical profile of S. tomentosa through HPLC-PDA and LC-MS
techniques.

2. Materials and methods

2.1. Fractionation and solid-phase extraction (SPE) of ethyl acetate
(EtOAc) fraction

The methanolic extract of a freshly ground plant of S. tomentosa (No.
GC. Bot. Herb. 816) was partitioned with different solvents, concen-
trated under vacuum to obtain fractions comprised of n-hexane (21 g),
dichloromethane (28 g), and ethyl-acetate (35 g) (Javed et al., 2021).

The dried EtOAc fraction (2 g) was processed for HPLC fractionation
by dissolving in 20 % methanol (10 mL). Four sub-fractions (SPE1-SPE4)
were eluted using 200 mL of 80:20 (285 mg), 50:50 (380 mg), 20:80
(261 mg), and 00:100 (225 mg) H,O: methanol step gradient thorough
reverse-phase C18 SPE column (Starta, 10 g C18 Silica capacity). The
sub-fractions were dried at low temperatures not exceeding 45 °C under
vacuum and reduced pressure and a freeze dryer (Deng et al., 2019).

2.2. Cytotoxic activity of SPE by MTT assay [3-(4,5-dimethyl-thiazol-2-
yD)-2,5-diphenyltetrazolium bromide]

All three cancer lines were acquired from the European Collection of
Authenticated Cell Cultures, Salisbury, UK, and cultured on RPMI-1640
medium amended with fetal bovine serum (10 %). The cytotoxicity
activity of SPE1-SPE4 was analyzed through an MTT assay. Briefly, the
single cell suspension was seeded in 96-well plates (1 mL/well =1 x 10°
cells/mL), incubated at 37 °C for 24 h, followed by the addition of 1 mL
of SPE concentration (0.005, 0.01, 0.05, 0.1, and 0.5 mg/mL). The MTT
dye reagent (1 mL) was added after another incubation period of 24 h,
and after that loaded plates were kept for 48 h at 37 °C. The reaction
terminated with the addition of isopropanol and the samples were
measured for absorbance at 570 nm (Javed and Shoaib, 2021).

The data acquired on the anticancer activity were analyzed by
variance analysis followed by LSD Test using computer software Statistix
8.1. The graphs were plotted using Microsoft Excel version 2013.
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Fig. 1. Cytotoxic activity of Sorbaria tomentosa EtOAc (SPE) fractions against human cancer cell lines lung A-549 (A), hepatocellular HepG2 (B), and urinary bladder
EI-138 (C). Error bars indicate standard errors of the mean of three replicates. Values with different letters show significant difference (P < 0.05) as determined by

LSD-test.

2.3. Semi-preparative HPLC

As the SPE-2 fraction showed the maximum cytotoxic potential,
therefore, this sub-fraction was utilized for solid-phase extraction and
sample purification using a semi-preparative HPLC system (Khan et al.,
2018). Briefly, the samples were prepared, separated, and analyzed on
an Agilent 1260 Infinity Series semi-preparative HPLC. The obtained
chromatograms were visualized at 220, 254, 280, and 320 nm. Later,

sub-fractions of SPE-2 fraction 50 % (MeOH: H,0) at 254 nm were
collected manually for further semi-preparative and analytical HPLC.

2.4. Analytical HPLC

Agilent 1260 Infinity series analytical HPLC system (diode array
detector or DAD monitoring 200-500 nm) was used to assess the purity
of each peak of SPE-2. The primary signal for DAD was noted with a 2
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Fig. 2. Semi-preparative HPLC chromatogram of SPE-2 sub-fraction of the ethyl-acetate fraction of Sorbaria tomentosa at 220, 254, 280 and 330 nm.
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Fig. 3. Analytical HPLC chromatogram of SPE-2 sub-fraction of the ethyl-acetate fraction of Sorbaria tomentosa at 220, 254, 280, and 330 nm.

Table 2

Retention times of major sub-fractions (1-5) in S. tomentosa sub-
fraction (SPE-2) by reverse phase semi-preparative HPLC (254
nm) with 0-30 (min) elution time.

Peak Number Retenion time (min)

1 13.11
2 14.40
3 15.30
4 16.80
5 18.50

nm step at 254 nm. Both mobile solvents contained 0.05 % TFA (flow
rate 1 mL/min at 40 °C). Each peak purity was checked by the sharpness
of the peak and the UV profile (PDA) detected by Poly View 2000-Diode
Array spectral processing software. An elution gradient was used with
solvents A (method 1: the mobile phase was a 30:100 methanol/water
gradient with 40 min run time and 10 uL injection sample dissolved in
MeOH) and solvent B (method 2: the mobile phase was 10 % acetoni-
trile: 90 % water with 30 min run time, then ramped at a higher gradient
to 100 % acetonitrile over 5 min, finally back to 10 % acetonitrile for
next 5 min recorded with 10 uL injection sample).
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Fig. 4. Semi-preparative HPLC chromatogram of SPE-2 sub-fraction of the ethyl-acetate fraction of Sorbaria tomentosa at 254 nm indicating sub-fractions (1-5)

represented by peaks.
2.5. LC-MS

An 1100 series HPLC (Aglient Technologies, Inc., USA) fixed with
binary pumps, auto-sampler, degasser, and DAD measuring absorbance
between 180 and 400 nm was utilized. The reverse phase analytical
column [Aqua 5 pm C-18 (250 x 4.6 mm)] was used as the stationary
phase and the temperature was maintained at 40 °C. A linear gradient of
10-90 % MeOH: H0 containing 0.05 % TFA was used in LC-MS analysis
of each collected sub-fraction with 1 mL/min flow rate for 45 min.

The mass spectrometer, Bruker esquire 3000 series, (LR-MS) (Bruker
Daltonik GmbH, Bremen, and Germany) equipped with online LC was
used to find mass spectra of S. tomentosa collected sub-fractions. For LC-
MS analysis, atomic pressure chemical ionization (APCI) interface hav-
ing positive ionization voltages scanning between 100 and 1200 amu
was applied. Nebulizer pressure was adjusted to 60 psi, capillary voltage
at 4000 V, and drying gas flow rate 5 L/min with the vaporizing tem-
perature of 395 °C (Khan et al., 2018).

3. Results

The methanolic extract of the S. tomentosa plant was fractionated
with n-hexane, dichloromethane, and ethyl-acetate, yielding 21, 28, and
35 g, respectively. Purification of the major organic ethyl-acetate frac-
tion by repeated HPLC led to the separation of four different sub-
fractions (SPE1-SPE4). Cytotoxicity assays were conducted with the
ethyl-acetate sub-fractions (SPE1-SPE4) and doxorubicin was taken as
standard control. Doxorubicin (standard control) exhibited high ICsq
values < 11 pg/mL against all three cell lines, while the variable cyto-
toxicity was depicted by different sub-fractions. The ICsy of SPE-2
(EtOH) was 50, 60, and 75 pg/mL against HepG2, EI-138, and A-549,
respectively. The ICsy of SPE-1, 3 & 4 (EtOH) were in the range of
230-370 pg/mL against three cancer cell lines (Table 1; Fig. 1).

The SPE-2 fraction was selected for further fractionation in order to
explore the possible chemical composition responsible for the potential
cytotoxic effect by comparing the retention time and UV spectra of the
reference compounds. The semi-preparative and analytical HPLC chro-
matograms of the SPE-2 fraction at 220, 254, 280, and 330 nm generated
similar chromatograms (Figs. 2 & 3). Only peaks with UV response at
254 nm were collected in both semi-preparative and analytical HPLC

due to the characteristics of peaks (tall, sharp, and relatively narrow).

Semi-preparative HPLC separated five distinct peaks at a retention
time of 13.11, 14.40, 15.30, 16.80, and 18.70 at 254 nm from SPE-2
(Table 2; Fig. 4). The analytical HPLC chromatogram of each of the
five peaks of SPE-2 further identified different peak areas by method 1
(Fig. 5) and method 2 (Fig. 6), and UV spectra at different retention
times are presented in Fig. 7. Acetonitrile as the organic solvent in
method 2, widely separated peaks than method 1.

After the separation of peaks through HPLC, the identification of the
compounds was performed through LC-MS. The chromatographic con-
ditions for the LS-MS were optimized by method development, and the
best resolution was acquired through a linear gradient elution using
water and MeOH containing 0.1 % formic acid as the mobile phase. LS-
MS on the SPE-2 fractions of an ethyl-acetate fraction of S. tomentosa
unveiled the mass spectrometric detection in positive ion mode exhib-
iting peak distribution in the range of m/z 300-900. Four phenolic
compounds viz., trans-p-sinapoyl-p-D-glucopyranoside (compound 1),
dunnianoside F (compound 2), linoside A (compound 3) and asplenetin
(compound 4) were identified from the SPE-2 of EtOAc fraction of
S. tomentosa (Table 3; Fig. 8).

4. Discussion

Any extract/compound can be regarded as very active (IC5¢ < 20 pg/
mL), moderately active (ICso > 20-100 pg/mL), weakly active (ICso >
100-1000 pg/mL), and inactive (ICso > 1000 pg/mL) based on at least
50 % of the cancer cell survivability (ICsg) (Baharum et al., 2014).
Accordingly, SPE-1, SPE-3, and SPE-4 sub-fractions were regarded as
weakly active having ICs in the range of 230-370 pg/mL against cancer
cell survivability. However, SPE-2 fractions can be kept under moder-
ately active groups, and may also specify the occurrence of compounds
having cytotoxic potential (Javed et al., 2021). The presence of the
different bioactive compounds e.g. polyphenols, and flavonoids were
suggested for the cytotoxic response by an ethyl-acetate fraction of
S. tomentosa against HepG2, EI-138, and A-549 cancer cell lines (Jang
et al., 2020). Phenolic contents in the ethyl-acetate extract of Vernonia
amygdalina have also shown cytotoxic effects and morphological alter-
ations in the human glioblastoma cell line (U-87) (Cock, 2011). Phenolic
compounds have been found as antioxidants, apoptosis, and target
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Fig. 5. Analytical HPLC chromatogram of the compounds from SPE-2 sub-fraction of the ethyl-acetate fraction of Sorbaria tomentosa at 254 nm indicating different

peaks in the five peak areas by method 1.

specificity against cancer cell lines in the study of BinRohin et al. (2017).
Moreover, the concentration of the sub-fractions also determined the
degree of lethality, and it was found to be directly proportional to the
increasing concentration of the fraction from 0.005, 0.01, 0.05, 0.1, and
0.5 mg/mL (Khan et al., 2018). Nevertheless, distinct concentrations of
the biocompounds may alter the anticancer activities of the sub-
fractions.

Greater sensitivity and accuracy of HPLC-PDA/ESI-MS method make
it as a potential diagnostic tool for the characterization and quantifica-
tion of specific phenolic compounds (Chroho et al., 2022). Chromato-
grams obtained either through semi-preparative or analytical HPLC
were similar, and the concentration of those compounds might be

related to the polarity and capacity of solvation (Lee et al., 2021). Mil-
iauskas et al. (2006) reported better results for non-polar compounds (e.
g. flavonoids) through the semi-preparative column and did not find any
advantage for polar compounds over an analytical column. However,
only peaks with UV response at 254 nm were collected in both semi-
preparative and analytical HPLC as the peaks were tall, sharp, and
relatively narrow, which may indicate the separation method efficiently
removed a component from a mixture. Additionally, peaks with UV
response at 254 nm are ascribed to all compounds having one or more
benzene rings. More specifically, the literature showed that prominent
peaks of the phenolic compounds are obvious in the UV-Vis spectrum
(260, 280, 325, and/or 350 nm), and a more generic wavelength for
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Fig. 7. UV spectra of the compounds of from peak 1-5 of the SPE-2 sub-fraction of the ethyl-acetate fraction of Sorbaria tomentosa.
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Table 3
ESI-TOF MS spectral data for isolated phenolic compounds in SPE-2 sub-fraction of the ethyl-acetate fraction of Sorbaria tomentos.
No. Name Positive ion (m/z): MW
1 trans-p-sinapoyl-4-D-glucopyranoside [M + H] + 387 386
[M + Na] + 409
2 Dunnianoside-F [M + H] + 453 452
[M + Na] + 475
3 Linoside-A [M + H] + 679 678
[M + Na] + 701
4 Asplenetin [M + H] + 681 680

[M + Na] + 703

phenolic is found at 260 nm (Sanches et al., 2022). Therefore, the
occurrence of phenolic compounds in the ethyl-acetate sub-fraction of
S. tomentosa might be speculated through spectroscopic analysis.

Further analysis of peaks at 254 nm through a semi-preparative
HPLC chromatogram of SPE-2 separated five distinct peaks at a reten-
tion time of 13.11, 14.40, 15.30, 16.80, and 18.70. To select the
appropriate mobile phase to elute the subfractions preferably to base-
line, two different organic solvents were checked in two methods
(method 1: methanol and method 2: acetonitrile) (Khan et al., 2018).
The analytical HPLC chromatogram of SPE-2 with Acetonitrile (organic
solvent) in method 2, widely separated peaks, which may reveal
maximum purification of the compounds. Shorter retention can be ex-
pected for equal proportions of organic to water with Acetonitrile as it
exhibit more elution strength than methanol for reversed-phase chro-
matography (Hopkins, 2019).

Followed by HPLC, the chromatographic conditions for the LS-MS
were optimized, and the best resolution was acquired (MeOH contain-
ing 0.1 % formic acid) (Khan et al., 2018). LS-MS on the SPE-2 fractions
showing peak distribution in the range of m/z 300-900. The peaks were
existing mainly at odd m/z and consisted of clusters of peaks at each
nominal mass, which is consistent with earlier findings showing analo-
gous m/z distributions (Santos et al., 2018). Trans-p-sinapoyl--D-glu-
copyranoside, dunnianoside F, linoside A, and asplenetin were identified
from the SPE-2 of EtOAc fraction of S. tomentosa.

Trans-p-sinapoyl-f-D-glucopyranoside (compound 1) protonated
molecular ion peak at m/z 386 [M + H] + determining the molecular
formula of C17H22019 Compound 1 has been reported in many plants
(Xiao et al., 2017). It holds anti-inflammatory, anticancer, anti-diabetic,
and antihypertensive properties on human health and also provides
protection to the nervous, respiratory, and digestive systems beyond
their well-known antioxidant and antibacterial activities (Xiao et al.,
2017). Moreover, the antioxidant potential of sinapoyl (malate and
glucose) is comparable to conventional antioxidants such as butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), or Trolox
(Nguyen et al., 2021).

Dunnianoside F (compound 2) is an antioxidant phenolic glycoside,
exhibiting a protonated molecular ion peak at m/z 453 [M + H] + and
[M + Na] + 475 determining the molecular formula of Cy;H24011,
previously obtained from the roots of Trichoderma hypoxylon (Zhang and
Yin, 2022). Linoside A (compound 3), showed anti-inflammatory and
antibacterial activity, displayed a protonated molecular ion peak at m/z
679 [M + H] + and [M + Na] + 701 determining the molecular formula
of C32H38016. Linezolid is approved oxazolidinone, regarded as safe and
effective in treating resistant Gram-positive infections in neutropenic
cancer patients (Smith et al., 2003). Asplenetin (compound 4) is an
isoprenylated flavonoid, displayed a protonated molecular ion peak at

m/z 681 [M + H] + and [M + Na] + 703 determining the molecular
formula of CyoH2007. It was reported in Launaea asplenifolia and Prunus
armeniaca and, being flavonoids, the anticancer, antioxidant, anti-
inflammatory, anti-Infective, wound healing, and antiviral properties
of asplenetin might have been predicted (Das et al., 2023).

Therefore, it was found that the anticancer activity of sub-fractions of
the EtOAc fraction of S. tomentosa was due to the abundance of phenolic
compounds. Due to the occurrence of polyhydroxy groups in aromatic
ring of phenolic compounds, these have proven for strong antioxidant
properties through oxidant scavengers, metal chelators, oxidase in-
hibitors, and antioxidant enzyme cofactors (Rashid et al., 2007).

Solid phase extraction (SPE) of EtOAc fraction led to the isolation of
four fractions (SPE 1-4). Cytotoxicity assays identified SPE-2 as the most
potent SPE fraction against cancer cell lines by MTT assay. Semi-
preparative and analytical HPLC of SPE-2 fraction followed by LC-MS
analysis identified trans-p-sinapoyl-f-D-glucopyranoside, dunnianoside
F, linoside A, and asplenetin as bioactive phenolic compounds present in
the S. tomentosa.
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