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MTT assays

chloroform, ethyl acetate, n-hexane, and n-butanol sub-extracts, and the doxorubicin against
HepG?2, and HepG-2/ADR cell lines were found at 64.5, 66.8, 81.25, 125, 1.3 pg/ml, and 110.1,
91.82, 138.2, 265.7, 4.77 pg/ml levels, respectively. However, the treatment of resistant cells with
20 pg/ml of different sub-extracts in combination with the doxorubicin showed significant improve-
ments in the doxorubicin activity against the resistant cells, and the ICso values for DOX + chloro-
form, DOX + ethyl acetate, DOX + n-hexane, and DOX + n-butanol against resistant cells, were
at 1.77, 2.05, 2.66, and 2.71 pg/ml levels, respectively. The ICs, values exhibited 2.69x, 2.33x, 1.79x
and 1.76x-folds reversal of the sensitivity in the resistant cancer cell lines. The molecular docking
studies of the compounds identified in the LC-MS chemical profilings, against three ATP-
binding cassette proteins i.e., ABCB1, ABCC1, and ABCG2, showed that flavonoids as the major
class of compounds responsible for reversal of the resistant cells sensitivities. The predicted binding
affinity for the flavonoids against the above mentioned three ATP-binding cassette proteins’ are in
the ranges of ~—8 to —11 kcal/mol. Our results clearly indicate that the presence of flavonoids, as
the major class of compounds in the S. vermiculata is responsible for the chemosensitization of the
resistant HCC-cell lines. Moreover, the structures, 21 (5-O-methyl visamminol), 22 (N-trans-
feruloyl tyramine), 27 (atractylenolide-III), and 32 (ginsenoside-Rh2) were also identified among
the potential ATP-binding cassette’s modulators during the current study. These observations
put the S. vermiculata in perspective with the traditionally claimed liver protective efficacy of the
plant.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Hepatocellular carcinoma (HCC) is one of the leading causes
of peoples’ sufferings, and deaths across all countries of the
world. It is responsible for over 70 to 90 % cases of primary
liver cancers, and approximately 500,000 peoples are diag-
nosed every year with HCC (Shen et al., 2021). Chemotherapy,
is considered one of the effective methods for the treatment of
HCC, however, due to the resistatnce, the use of chemothera-
peutic agents has become challenging (Le Grazie et al., 2017).
Multidrug resistance (MDR) is cause of concern, and it is the
main reason for treatment failures in 90 % of the cases, which
is also supplemented by the recurrences (Longley and
Johnston, 2005). The documented reports indicated three
major mechanisms for drug resistance; (i) decreased absorp-
tion of drugs into the cancer cells, (ii)) mutation in the genetic
composition of the cancer cells causing the loss of cytotoxic
effects of drugs, and (iii) ATP dependent efflux of the drugs
from the cancer cells (Szakacs et al., 2006). The ATP (Adeno-
sine triphosphate), or energy dependent efflux of the
chemotherapeutic agents is among one of the major, and
well-established mechanism of drug resistance, and it is
because overexpression of the involved transporter proteins.
One of the major class of proteins actively involved in MDR
is ATP-binding cassette, or ABC transporters (El-Awady
et al., 2017). The P-glycoprotein (Pgp/ABCBI1), multidrug
resistance protein 1 (MRP1/ABCCI1), and breast cancer resis-
tance protein (BCRP/ABCG?2), are the major types of ABC-
transporters involved in the efflux of the anti-cancers drugs
across the cells membranes (Bugde et al., 2017; Orlando and
Liao, 2020). The ABC transporters have demonstrated signif-
icant scope for wide variety of substrates. For example, dasa-
tinib and imatinib, the promising anti-cancer agents, are
translocated out of the cancer cells by P-gp, and BCRP, caus-
ing reduction in the efficacy of the drugs, and failure of the
treatment (Dohse et al., 2010). Therefore, altering the activity
of transporters, or chemosensitization is considered one of the

effective strategies to counteract resistant cancer cells, in addi-
tion to the identification of new chemotherapeutic agents
(Szakacs et al., 2006). However, until now, no small molecule
has been approved by United States FDA for clinical use.

In this context, the plants-based products, as part of alter-
native and complementary medicine, have offered feasible
replacement(s), and adjuvant to modern anti-cancer
chemotherapies. The use of medicinal plants, the plants’
derived preparations, extracts, fractions, concoctions, and iso-
lated compounds, in treatment of liver disorders, including
liver cancer types, have been a long tradition (Li and
Martin, 2011). Accordingly, several compounds obtained from
the plants sources have been reported, which can resensitize
the resistance cancer cells, and reinstate the efficacy of the
available chemotherapeutic agents. For example Frion-
Herreraa et al. demonstrated chemosensitization of doxoru-
bicin (DOX) resistant human colon cancer cells using Cuban
propolis, and nemorosone (Frion-Herrera et al., 2019). Li
and Lee et al. showed chemosensitization of tanshinone-IIA,
an active ingredient isolated from Salvia miltiorrhiza, against
DOX resistant breast cancer cells, and HCC (Lee et al.,
2010; Li and Lai, 2017). Similarly, Li et al. showed chemosen-
sitizing effects of quercetin in DOX-resistant human breast
cancer cells (Chen et al., 2018; Li et al., 2018). Also, Choi
et al. showed decursin, isolated from Angelica gigas, as a
chemosensitizing agent for DOX-resistant ovarian cancer cells
(Choi et al., 2016). Borska et al. displayed P-gp modulating
capacity of quercetin against DOX-resistant human pancreatic
carcinoma (Borska et al., 2010). Kim ef a/. demonstrated
chemosensitizing effects of resveratrol on resistant breast can-
cer cells (Kim et al., 2014). In addition, fingolimod, a deriva-
tive of myriocin, and a metabolite from a traditional Chinese
medicine, Isaria sinclairii, was shown to possess chemosenstiz-
ing effects on the DOX and etoposide-resistant colon cancer
cells through the alteration of P-gp and MRPI (Xing et al.,
2014). A recent report also showed resensitizing effects of
sophoraflavanone, isolated from Sophora flavescens, on lung
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cancer cells (Wu et al., 2021). Besides, the quercetin was exten-
sively studied for its chemosensitizing effects against various
types of resistant cancer cells, and have been documented as
the modulator of various transporters (Chen et al., 2010). In
addition, an efficient review is available on the roles of natural
products as MDR modulators (Kumar and Jaitak, 2019). The
structures of some of the ABC modulators identified from the
natural sources are listed in Fig. 1 as referral examples.

The S. vermiculata, an edible halophyte from the family
Amaranthaceae, is traditionally well-known for its hepatopro-
tective activity. Several biological activities, e.g., antimicrobial,
antioxidant, anti-inflammatory, hepatoprotective, and antide-
pressant activities, have been reported for the plant extracts
and/or its essential oils (Al-Omar et al., 2021; Al-Tohamy
et al.,, 2018; Mohammed, 2020; Mohammed et al., 2019a,
2020; Wang et al., 2022). The current report is an important
extension of our previous work in reference to the hepatopro-
tection and cytotoxic efficacy of the S. vermiculata extract
(Mohammed et al., 2019b; Mohammed et al., 2020b), dwells
upon the investigation of the extract, fractions, and
chemically-profiled compounds’ roles in the HCC resistant cell
lines. It also investigates the roles of phytochemical con-
stituents in HCC chemosensitization through molecular mod-
eling studies. The present study demonstrates, (i) the
chemosensitizing, and anticancer effects of S. vermiculata frac-
tions (n-hexane, chloroform, ethyl acetate, and n-butanol), (ii)
LC-MS chemo-profilings of these fractions, (iii) molecular
docking observations using Autodock vina® against binding
sites of ATP-binding cassette (ABC) transporter (ABCBI,
MRP1, ABCCI1 and ABCG2) proteins to deduce the efficacy
and severity of the anti-cancer activities of the fractions, and
the compounds role in an in silico set-up.

2. Materials and methods

2.1. Plant materials, and extraction procedure

The aerial parts of the plant were collected in September 2019
from the arid areas of Buraydah city, Qassim Province, Saudi
Arabia. The plant was identified as S. vermiculata Forssk by
Prof. Ahmed El-Oglah, Department of Biological Sciences,
Yarmouk University, Irbid, Jordan. The voucher specimen
was saved at the Department of Medicinal Chemistry and
Pharmacognosy, College of Pharmacy, Qassim University
(voucher # 78). The plant aerial parts were dried in complete
shade for three weeks, and grinded to a coarse powder before
the extractions. 300 g of the dried plant material was extracted
three successive times using 95 % water—ethanol mixture

HyC._CH,

OH

Tanshinone ITA Sophoraflavanone

Fig. 1

(3 x 1 L, aqueous ethanol). The combined aqueous ethanolic
extract was dried under reduced pressure, and below 40 °C.
The dried aqueous ethanolic extract was then suspended in
500 ml of distilled water, and sequentially fractionated between
n-hexane, chloroform, ethyl acetate, and n-butanol (300 ml
each) solvents. These four fractions were dried under reduced
pressure, below 45 °C using a rotatory evaporator, and stored
at —20 °C in a freezer till further work.

2.1.1. Liquid chromatography-mass spectrometry (LC-MS)
analysis

Bruker Daltonics (Bremen, Germany) Impact 11 ESI-Q-TOF
system equipped with Bruker Daltonics Elute UPLC system
(Bremen, Germany) was used for fractions scanning. Specific
standards were used to identify the analyte’s m/z exact reten-
tion times after chromatographic separations. Accurately,
1 mg of the fractionated extract was dissolved in 2.0 ml of
DMSO (analytical grade), centrifuged at 4000 rpm for
2.0 min, and 1.0 ml of the clear solution was transferred to
the autosampler, and the injection volume was adjusted to
3.0 pl. The instrument was operated using Ion Source Apollo
II Ion Funnel Electrospray source. The instrument parameters
were adjusted as: capillary voltage (2500 V), nebulizer gas
(2.0 bar), nitrogen flow (8 L/min), and the dry temperature
(200 °C). The mass accuracy was < 1 ppm, the mass resolution
was 50,000 FSR (Full Sensitivity Resolution), and the TOF
repetition rate was up to 20 kHz. The chromatographic sepa-
ration was performed on Cl18 reverse-phase (RP) column,
100 x 2.1 mm, 1.8 um (120 A°) from Bruker Daltonics (Bre-
men, Germany) at 30 °C, autosampler temperature 8.0 °C,
with a total run time of 35 min using the gradient elution.
The eluents were consisted of methanol/ 5 mM ammonium for-
mate/ 0.1 % formic acid, and water/ methanol (90:10 %)/
5 mM ammonium formate/ 0.1 % formic acid (Mohammed
et al., 2021).

2.2. Cytotoxicity assay

2.2.1. Cell-lines

Human cell lines of HCC, HepG-2 were cultivated in complete
media under standard conditions in 5 % CO,, 37 °C, and free
from mycoplasma. The DOX resistant hepatic cell lines,
HepG-2/ADR, were developed by treating, and maintaining
the cells in media supplemented with 5 pg/ml DOX. The
DOX resistance was confirmed through P-gp expression as
compared to the parent-sensitive cell lines using RT-PCR.
The DOX-free media were applied 7-10 days before conduct-
ing any experiments.

Resveratrol

Miltirone

Structure of some ABC modulators isolated from natural sources.
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2.2.2. Cytotoxicity and reversal assays

The exponentially growing cells (2 x 10° cells/well) were
seeded in 96-wells plates in MTT cell viability assays. The cells
were grown for 24 hr, treated with serial concentrations of S.
vermiculata extracted fractions (up to 1000 pg/ml), and DOX
(100 pg/ml) for 24 hr, and with MTT solution (0.5 mg/ml)
for 4 hr. The reaction product (crystals) were dissolved in
DMSO. The absorbances were determined at 570 nm using
SpectraMax MS5e Multi-Mode Microplate Reader (Molecular
Devices, LLC, California, USA). The same protocol was used
to evaluate the cytotoxicity of the combination of DOX with
S. vermiculata extract and fractions (20 pg/ml).

The relative resistance (RR) for the tested samples were cal-
culated by using the following equation (Wang et al., 2021):

RR — 1C50 value obtained for the resistant cell line

1C50 value obtained for the sensitive parental cell line

Combination index (CI): The nature of the interaction (syn-
ergy, additivity, or antagonism) between extracts and DOX
were determined by the combination index (CI), as following:

Cextract,S()

Cl — Cpox 50

ICSO. DOX ICSO,exlmct

Where, Cpox so is the ICsy value for the cytotoxic agent in
a two-drug combination, and Ceyacc 1S the fixed concentration
of an extract. The ICs, pox, and ICsg exiract cOrresponds to the
ICso for DOX, and extract alone. CI < 1 indicates synergism,
CI = 1 indicates additive, and CI > 1 indicates antagonism.
The synergism was confirmed by the isobologram method,
and the medium effect equation.

2.3. Protein preparation and molecular dockings

Molecular dockings were performed using AutoDock Vina®
v1.1.2 (Trott and Olson, 2010). The preparation of proteins,
and ligands for the AutoDock Vina® involved preparing
PDBQT files. The input PDB files of the proteins were pre-
pared, and optimized by using AutoDock Tool (ADT), bun-
dled with the MGLTools package (version 1.5.6) (Morris
et al., 2009). The proteins with PDB code 6FN1, 5UJA, and
6FFC, representing ABCB1, ABCCIl, and ABCG2 were
downloaded from the Research Collaboratory for Structural
Bioinformatics (RCSB), protein data bank (available online:
https://www.rcsb.org/structure/) (Alam et al., 2019). For the
proteins preparation, the co-crystallized ligands, and water
molecules were deleted. The proteins molecules were corrected
for missing residues and close contacts, followed by addition of
polar hydrogen atoms, charges, and converted to PDBQT files
using ADT. The structures of S. vermiculata compounds were
retrieved from the PubChem database (Kim et al., 2019) as a
single file in 3D-spatial data file (SDF) format. All the ligands
structures were imported in Open Babel (O’Boyle et al., 2011)
interface of PyRx, and were energy minimized using universal
force fields, and saved as PDB files. The Gasteiger charge, and
polar hydrogens were added, and ligands were set up for rotat-
able bonds, followed by generation of PDBQT files for the
ligands (Dallakyan and Olson, 2015). The grids were generated
with the autogrid4® program distributed with AutoDock®,
v1.5.6. (Kalinowsky et al., 2018). The active binding sites of
the proteins were chosen as the grid centers. The center grid
box dimensions were chosen to include all atoms of the ligand

set (Kalinowsky et al., 2018). The site of the grid box for the
above mentioned three proteins have been listed in the supple-
mentary file. The configuration text file was created (config.txt)
to run AutoDock Vina® vl.1.2. This configuration file
involved the receptors and ligand PDBQT file, and the coordi-
nates for the center grid box were utilized (O’Boyle et al., 2011)
(Supplementary Data ST). The dockings scores resulted in gen-
eration of log files. The output docking scores were defined as
affinity binding (Kcal/mol), and various protein-ligand inter-
actions, such as hydrogen bonds, and other hydrophobic inter-
actions were analyzed using PyMol. The molecular dockings
studies were performed in reference with the previous study
reported by Shawky et. al. (Shawky et al., 2021).

2.4. Statistical analyses

All experiments were carried out in triplicates. All data are
expressed as mean + standard deviation. The ICsy values were
calculated, and the results were presented using GraphPad
Prism® software (Version 6, graph- Pad software Inc., San
Diego, CA, USA). Student t-test was applied to determine
the degree of significant differences between the sets of data,
and the p-values < 0.05 were considered significant.

3. Results

3.1. LC-MS analyses of the S. vermiculata fractionated extracts

In an earlier report by us, a total of nine compounds were iden-
tified in the LC-MS analysis of aqueous ethanolic extract of
the aerial parts of S. vermiculata (Mohammed et al., 2020a).
The alcoholic extract was partitioned using sequential parti-
tioning process starting with the non-polar solvent, n-hexane,
followed by chloroform, ethyl acetate, and the polar,
n-butanol. The gradient extraction procedure partitioned the
plant’s chemical constituents according to their polarity, and
the solvent interaction capabilities that reflected their solubil-
ity, and partition coefficient of the corresponding constituents,
provided the fractionations. However, the experimentation
revealed that compounds were represented in differently-
partitioned fractionated extracts in varying proportions
(Table 1). In the current report, a total of 36 compounds were
identified using the LC-MS based chemical profiling. The
retention times of the identified compounds varied from ~ 2
to 30 min (min), and the m/z (mass) ratio varied from ~ 163
to 739 mass units. The Data Analysis 4.0 Bruker Daltonics
software was used to obtain the accurate mass data and molec-
ular formulas of the detected peaks. The comparisons with the
standard authentic samples of various available compounds,
the mass fragmentation patterns, and the reported phytocon-
stituents of genus Suaeda were referenced in the identification
of the compounds as reported in Table 1. Additionally, the rel-
ative percentages of the identified compounds, in different
fractionated extracts of the plant, were also calculated based
on the total peaks area, and individual compound’s peak area
in the chromatograms. Twenty-four standard compounds, i.e.,
hyperoside, isorhoifolin, chrysin, vitexin, naringenin, kaemp-
ferol, luteolin, myricetin, hesperidin, apigenin, quercetin,
rhamnetin, luteolin-7-O-glucoside, chlorogenic acid, syringic
acid, gallic acid, resveratrol, rosmarinic acid, 4-
hydroxybenzoic acid, coumaric acid, caffeic acid, cinnamic
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acid, ellagic acid, and ferulic acid, have been used in the
authentication of the S. vermiculata constituents. Based on
the used authentic samples, six flavonoids, and two phenolic
acids were identified (assigned by stars (*) in Table 1). The
mass fragments obtained for the glycosidic flavonoids were
also used in compounds’ identifications (Fig. 2). For instance,
a loss of 162 atomic mass unit (amu) were observed in the mass
fragmentations of hyperoside (3-O-galactoside of quercetin,
from m/z 463.0861 [M—H] ~ to m/z 301.0329 [M—H-—gal])
which indicated the subtraction of 162 amu of glucoside moi-
ety. In addition, subtractions of 162 amu were also observed in
the fragment spectra of kaempferol-3-O-glucoside (from m/z
447.0918 [M—H] to m/z 284.0277 [M—H—glu]’), apigenin-7-
O-glucoside (mass fragment spectra showed a molecular ion

peak at m/z 431.0918 [M—H] and the aglycone peak at m/z
269.0405 [M—H] after the fragmentation of the glucosyl moi-
ety), spiraeoside (from m/z 463.0886 [M—H] to m/z 301.0295
[M—H-glu]), luteolin-4’-O-glucoside, and luteolin-7-O-
glucoside (from 447.0978 [M—H] to 285.0381 [M—H—glu],
different retention times), quercetin  3-O-glucoside-7-
rhamnoside  (from  609.1427 [M—H] to 446.0816
[M—2H—glu]’). Near similar patterns of fragmentations were
observed for the mass spectrum of kaempferol-3-O-
rutinoside (m/z 593.1488 [M—H]), which demonstrated the
removal of glucosyl moiety (fragment peak m/z 430.0841
[M—H-—glu]) followed by the removal of rhamnosyl moiety
to give the mass peak of the kaempferol aglycone. The subtrac-
tion of 308 amu was assigned for the removal of neohesperi-

Table 1 S. vermiculata fractionated extracts’ LC-MS analysis.
Sr. RT Mass (m/ MW Tons Identification Presence in fractions
iy 2 n- EtOAc Chloroform n-
BuOH Hexane
1. 221 165.0533 166.0606 [M—H]- 3-Phenyl lactic acid 0.0108
2. 227 163.0377 164.0450 [M—H]- Coumaric acid* 0.0681  0.1298
3. 295 353.0859 354.0931 [M—H]- Chlorogenic acid* 0.0033  0.0018
4. 297 3751296 376.1369 [M—H]- Vitamin B2 1.4037  0.0032
5. 297 167.0716 168.0789 [M—H]- Homovanillyl alcohol 0.2008  0.00108
6.. 476 471.1875 472.1947 [M-—H]- Eugenol rutinoside 0.0001  0.0048
7. 478 183.0274 184.0347 [M—H]- Methylgallate 0.0004
8. 489 463.0886 464.0959 [M-—H]- Spiraeoside* 0.0007
9. 512 433.1099 434.1171 [M—H]- 3,4',7-Trihydroxy 0.0557
isoflavanone 3-O-glucoside
10. 528  739.2096 740.2169 [M-—H]- Kaempferol 3-neohesperidoside-7- 0.0041  0.0009
rhamnoside
11. 554 593.1488 594.1560 [M—H]- Kaempferol-3-O-rutinoside 0.0043  0.0002
12. 5.6 609.1427  610.1500 [M—H]- Quercetin 3-glucoside-7-rhamnoside 0.0043  0.1799  0.1737 0.6789
13. 573 463.0861 464.093 [M—H]- Hyperoside* 0.0004 0.0084  0.0040
14. 592  447.0906 448.0978 [M—H]- Luteolin 7-O-glucoside 0.0039  0.0107  0.0005
(Cynaroside)*
15. 6.32 577.1539  578.1625 [M—H]-, Isorhoifolin* 0.0033  0.0009
M + CIJ-
16. 6.36 593.1472 594.1545 [M—H]- Kaempferol 3-neohesperidoside 0.0094 0.6724  0.2166 4.4362
17. 6.57 447.0918 448.0991 [M—H]- Kaempferol-3-O-glucoside 0.0032  0.0341  0.0051 0.0035
18. 6.81 447.0935 448.1008 [M—H]- Luteolin-4'-O-glucoside 0.0053  0.0051
19. 6.82 431.0962 432.1035 [M—H]- Vitexin* 0.0090  0.0049
20. 6.9 431.0985 432.1058 [M—H]- Isovitexin 0.0087  0.0203
21. 7.77  289.1097 290.1169 [M—H]- 5-O-Methyl visamminol 0.04089 0.3616
22. 8.06 312.1217 313.1290 [M-H]- N-trans-Feruloyltyramine 0.0840  1.2902 0.0026
23. 8.59 301.0335 302.0407 [M—H]- Quercetin* 0.0047
24. 9 431.0985 432.1058 [M—H]- Apigenin-7-O-glucoside 0.0023  0.0007  0.0008
25. 10.35 315.0508 316.0580 [M—H]- Rhamnetin* 0.0006  0.0043
26. 11.7  329.2309 330.2382 [M—H]- 5,8,12-Trihydroxy-9- 0.6831 0.7213  0.8067 0.0350
octadecenoic acid
27. 1424 247.1339 248.141 [M—H]- Atractylenolide-IIT 0.0108  0.0004  0.0060
28. 14.25 293.1737 294.1810 [M—H]- 6-Gingerol 0.3559 0.2474  0.3505 0.2634
29. 20.49 293.2101 294.2174 [M—H]- Hydroxy- octadecatrienoic acid 0.0745 0.1847  0.0343 0.0140
30. 25.68 253.2149 254.2222 [M—H]- Hexadecenoic acid 0.1235  0.1558  0.2632 0.0953
31. 26.16 279.2304 280.2377 [M—H]- Linoleic acid 0.3503  1.4442  1.4396 0.0721
32. 2742 621.4395 622.4468 [M—H]- Ginsenoside-Rh2 1.6509 0.1285 1.7994
33. 2791 255.2308 256.2381 [M—H]- Palmitic acid 2.8006 29178  2.7987 1.1694
34. 28.23 281.2464 2822536 [M-—H]- Elaidic acid 1.8698 1.7717  2.7175 1.2159
35. 29.96 283.2620 284.2693 [M—H]- Octadecanoic acid 9.5513  8.4236  8.4351 6.1598
36. 30.01 353.3441 354.3514 [M—-H]- n-Tricosanoic acid 0.1136  0.0340  0.0768 0.1991
Number of the tentatively identified compounds 26 31 26 15
Percentages of the identified compounds in relation to the total peaks area in the chromatogram 19.37 17.08 18.81 16.51

* Compounds identified based on authentic samples.
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dose, which clearly appeared in the mass fragments of the
kaempferol-3-neohesperidoside (from m/z 593.1472 [M—H]J
to mjz 285.0376 [M—H-—glu—rha]). The 3.4',7-trihydroxy
isoflavanone-3-O-glucoside mass fragmentation pattern
showed the base peak of the compound at m/z 433.1099
[M—HT, followed by the aglycone peak, after removal of the
glucosyl moiety, showing mass fragment at m/z 272 [M—glu[’,
and 275 [M—glu + 3H]. The flavonoid aglycones structures
were assigned according to the mass fragmentation patterns
(Fig. 2). For instance, quercetin aglycone (m/z 301.0335
[M—H] has been compared to its authentic sample mass,
and was identified based on its mass fragments m/z 178.9942,
and m/z 151.0002, the two main fragments reported for the
compound (Buchner et al., 2006)). Also, the rhamnetin agly-
cone showed the base peak at m/z 315.0452 [M—H], and frag-
ment ion peak at m/z 300.0225 [M—CH;—H], besides its
identification by the comparison with the standard rhamnetin
sample. The aglycone parts, kaempferol, and the luteolin, in
the identified glycosides were assigned according to the small
mass fragments represented in their mass spectra. For exam-
ple, the presence of fragments at m/z 268, 227, 185, 107
(Fig. 2G) mass units have been reported at higher intensity
in the mass spectra of kaempferol (March and Miao, 2004),
while the reported mass fragments of luteolin (Li et al.,
2016) represented in the glycosides containing luteolin, as a
aglycone part of their structure, i.e., luteolin-4'-O-glucoside,

and luteolin-7-O-glucoside, observed fragment ion peaks at
m/z 151 and 133, which have been detected in these com-
pounds containing the luteolin as the aglycone sub-structures.

The highest proportions of the compound present in these
fractionated extracts was octadecanoic acid (stearic acid indi-
cated by m/z 283.2620). The total proportions of the com-
pound in different fractions was found to be at ~ 32%,
calculated from the total peaks areas in the chromatograms
(Table 1). The compounds, palmitic acid, elaidic acid, and
kaempferol-3-neohesperidoside were also found to be present
in significant proportions. The combined percentage of the
mentioned compounds were at ~ 9 %, ~7 %, and ~ 5 %,
and are shown in Table 1, with m/z ratios of 255.2308,
281.2464, and 594.1545, respectively. In addition, other com-
pounds present in the significant ratios were ginsenoside-
Rh2, linoleic acid, and 5,8,12-trihydroxy-9-octadecenoic acid.
The combined ratio (in %) of these materials were found to
vary between ~ 2 to ~ 3%. The compounds, 6-gingerol, n-
trans-feruloyltyramine, and quercetin-3-glucoside-7-rhamno
side were also present in notable proportions. The combined
percentage quantity of these materials were present in ~ 1%.
In addition, certain compounds of considerable pharmacolog-
ical activity were also noted to be present in the fractions. Pres-
ence of vitexin (0.013%), isovitexin (0.029%), and cyanroside
(0.015%),  3.4',7-trihydroxy-3-O-  isoflavone  glucoside
(0.055%), coumaric acid (0.198%), homovanillyl alcohol

x109 fos.
3010295
65,0009

1509997
il 215.0299

100 200 300

500

600 700 800 mz

otens. 55
B

619862
69508 - 3411029
44,9368 . 1808950 2750018

616.4208

100 200 300 400

600 800 900 mz

x104 {55.
saeias 430.0841

63.0219 17,0312 1830412 227.0298

s93.1401
.

100 200 300

600 700 800

X104 5T
550270

10
05 1830427

30231 H7.096 1000000 27,0818
i el PRI

46,0816

490,11

609.1403
*

100 200 300 400

600 700 800 900 mz

300.0218

E

419968
L

463.0820
L3

107.0114 3522164

100 200 300

600 800 900 nyz

F 285.0351
2 63.0219 4470865

133,0259 27,0304

100 200 300

500

600 700 800 900 mz

x104 177
285.0376

0w G

0.6
04 2270323

02
0.

65,0025 107.0122 1850235 {

ssngan
i

100 200 300 400

500

600 700 800 900 mz

w10 76

284.0277

H

n 44.9968

14
227.0306

47,0877
1830415 rs

100 200 300 400

500

600 800 mz

Tntens, 75

x10°

1 I 431,0916|
*

285.0350 !
a 619862 | I\

1470866

477.0969

100 200 300 400

500

600 700 800 900 mz

o] J 1510002
2000 65.0012

1789942 010207

|

1000

ﬂ 1210250
0 { AT 1

100 200 300 400

Fig. 2

500

600 700 800 900 mz

(A-L): Fragmentation pattern of (A) Spiraeoside, (B) 3,4’,7-trihydroxyisoflavanone-3-O-glucoside, (C) Kaempferol-3-O-

rutinoside, (D) Quercetin-3-glucoside-7-rhamnoside, (E) Hyperoside, (F) Luteolin 7-O-glucoside, (G) Kaempferol-3-neohesperidoside,
(H) Kaempferol-3-O-glucoside, (I) Luteolin-4’-O-glucoside, (J) Quercetin, (K) Apigenin-7-O-glucoside, (L) Rhamnetin standards.



Phytochemical profiling, molecular docking, and in vitro anti-hepatocellular carcinoid bioactivity 7

(0.201%), kaempferol-3-O-glucoside (0.046%), and 5-O-
methyl visamminol (0.402%). Also, the four fractions of S.
vermiculata contained 26, 31, 25, and 15 numbers of con-
stituents, representing 19.39 %, 17.08 %, 18.81 %, and 16.51
% of the total identified compounds as deduced from the total
and individual peak areas in the LC-chromatograms of the n-
butanol, ethyl acetate, chloroform, and n-hexane fractionated
extracts, respectively. Among the total number of identified
compounds, sixteen were identified as flavonoids, in which
fourteen flavonoids were present in glycosylated form. The
identified flavonoids were most abundant in the ethyl acetate,
followed by n-butanol, and chloroform fractions. However,
the least number of the identified flavonoids were found in
the n-hexane fraction of the plant. The number of flavonoids
present in ethyl acetate, n-butanol, chloroform, and n-hexane
fractions were found to be 14, 12, 9, and 3 in numbers, respec-
tively. The sequential distributions of the flavonoids popula-
tions are consistent with the solvent’s polarities (and non-
polar) extraction capacity, which was supplemented by the
levels of the hydrophilic nature of the identified flavonoids
(Table 1). For instance, the medium polarity of most of the
identified flavonoids made them more liable to solubilize in
the medium polar solvent, ethyl acetate. Moreover, the con-
centrations based sequential distributions of the flavonoids
between the solvents was interesting and stark in nature, as
it was observed that, the highest concentration of the flavo-
noids were localized in most non-polar solvent, n-hexane
(5.12 % compared to the total peaks in the n-hexane fraction’s
chromatogram), as compared to 0.94 %, 0.11 %, and 0.41 %
of the flavonoids compounds present in the ethyl acetate, n-
butanol, and chloroform fraction’s extract, respectively, which
copuld be attributed to presence of moisture in the commercial
grade n-hexane utilized for the purpose. A number of phenolic
products were also tentatively identified in the plant extract. A
total of seven phenolics were identified in the S. vermiculata
extracted fractions, wherein 3 compounds (0.64 %) were iden-
tified in the n-butanol fraction, 6 compounds (0.47 %) were
identified in the ethyl acetate, 5 compounds (1.65 %) were
identified in the chloroform, and 2 compounds (0.27 %) were
found in the n-hexane fractions. These results showed that
among all the LC-MS chromatograms-based identified flavo-
noids, and phenolics constituents, four compounds were solely
present in the chloroform and ethyl acetate fractions, i.e.,
chlorogenic acid, eugenol rutinoside, kaempferol-3-neohesperi
doside-7-rhamnoside, and rhamnetin. In addition, the methyl
gallate, and quercetin were only present in the chloroform frac-
tion, while spiracoside was present merely in the ethyl acetate
fraction of the S. vermiculata. Nonetheless, nine fatty acids
were identified in S. vermiculata which were distributed in all
the fractionated extracts at different concentrations, i.e., n-
butanol (17.22 %), ethyl acetate (15.65 %), chloroform
(16.70 %), and the n-hexane fractions (10.76 %).

3.2. S. vermiculata extract/fractions reverses doxorubicin
(DOX) cytotoxicity in resistant hepatic cell lines

The cytotoxicity of S. vermiculata extract and fractions in the
sensitive HepG-2 cells were conducted in comparison to the
standard cytotoxic drug, DOX. Fig. 3 demonstrated the
dose-response curves for the S. vermiculata fractions, in com-
parison to the standard chemotherapeutical agent DOX. The

ICso values for DOX in the sensitive as well as resistant
HCC cell lines were found to be 1.3 and 4.77 pg/ml. Among
different fractions of th extract, the most potent cytotoxic
effects for sensitive HepG-2 cell lines was obsrved in the chlo-
roform, and ethyl acetate fractions of the plant. The ICs, val-
ues for the corresponding fractions were 64.45, 66.68 pg/ml,
respectively. For the n-hexane, and n-butanol fractions, which
showed moderate inhibitory effects on the sensitive HepG-2
cancer cell lines, the ICs, values were found to be 81.51 and
125.00 pg/ml. The fractions were also tested against resistant
HepG-2/ADR cell lines. As observed for the sensitive cell lines,
the most potent activity against the resistant cell lines were
observed for chloroform and ethyl acetate fractions. The
1Csq values for the two sequentially partitioned extracts were
found to be 110.1 and 91.82 ng/ml, respectively. For n-
hexane, and n-butanol fractions of the extract, the ICs, values
were noted to be 138 and 265 pg/ml, respectively. The calcu-
lated relative resistances for the four fractions of the S. vermic-
ulata, i.e., chloroform, ethyl acetate, n-hexane, and n-butanol,
were 1.71, 1.38, 1.70, and 2.13, respectively. The calculated rel-
ative resistance for the standard chemotherapeutic drug DOX
was at 3.67 (Table 2).

The four fractionated extracts were also examined against
resistant HepG-2/ADR cell lines in combination with the
DOX. The resistant cells were treated with DOX in the pres-
ence, and in the absence of 20 pg/ml of the four sequentially
partitioned fractions of the alcoholic extract. As evident from
dose response curves, as shown in Fig. 4, the chloroform, ethyl
acetate, n-hexane, and n-butanol fractions enhanced the cyto-
toxic effects of DOX against the resistant cancer cell lines,
HepG-2/ADR. The ICsq values of DOX in combination with
the four fractions in the DOX resistant cells are shown in
Table 3. The ICsy values of DOX in combination with
20 pg/ml of chloroform, ethyl acetate, n-hexane, and n-
butanol fractions against the resistant cancer cell lines were
found to be 1.77, 2.05, 2.66, and 2.71 pg/ml, respectively.
These 1Csy values indicated 2.69x, 2.33x, 1.79x, and 1.76x
folds, (p < 0.001), reversal of DOX cytotoxicity in the resis-
tant cancer cell lines. The strongest cytotoxicity reversal effects
of these combinations were observed for the chloroform frac-
tion of the plant, as indicated by the combination index (CI) of
0.55. Similarly, the CI for ethyl acetate fraction was 0.56.
However, the n-hexane, and n-butanol CI values were found
to be at 0.70 and 0.64, respectively (Fig. 4, Table 3).

3.3. Molecular docking of identified compounds against ABC
transporter proteins

The overexpression of ABC transporter family efflux pump is
one of the main causes of DOX resistance in HCC (Cox and
Weinman, 2016). Three ABC subfamilies, ABCB1 (the MDR
protein), ABCC1 (MRP protein), and ABCG2 (BCRP pro-
tein) play significant roles in DOX resistance in HCC (Ng
et al., 2000; Nies et al., 2001; Silverman and Thorgeirsson,
1995). In about 80 to 90 % of the HCC cases, the upregulation
of P-gp, or ABCBI protein induces DOX resistance (Cox and
Weinman, 2016; Ng et al., 2000), while in 10 % of the cases,
other two proteins are responsible. To evaluate our hypothesis
that compounds identified in different fractions of the S. ver-
miculata alcoholic extract possess the potential to sensitize
DOX-resistant HCC, and to understand the molecular level
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Fig. 3 The dose-response curves of S. vermiculata fractions A) ethanol, (B) chloroform, (C) ethyl acetate, (D) n-hexane, (E) n-butanol
fractions, in comparison to (F) DOX in wild types HepG-2, and resistant-HepG-2/ADR cell lines.

Table 2 The ICsy values of the S. vermiculata extract/
fractions in comparison to DOX in HepG-2 wild types, and
HepG-2/ADR resistant cell lines, with their relative resistance
(RR) values using MTT assays.

S. vermiculata ICs¢ (png/ml) RR
extract/ fractions HepG-2 HepG-2/ADR

Ethanol 56.19 + 4.41 100.5 + 0.89 1.79
Chloroform 64.45 + 5.57 110.1 + 1.91 1.71
Ethyl acetate 66.68 + 4.93 91.82 + 0.72 1.38
n-Hexane 81.51 £ 6.91 138.2 + 1.29 1.70
n-Butanol 125 + 7.99 265.7 + 0.14 2.13
Doxorubicin (DOX) 1.3 £ 0.11 4.77 + 1.81 3.67

mechanism of drug protein interactions, the compounds iden-
tified in different sub-extracts of the partitioned alcoholic
extract were subjected to molecular docking studies using
Autodock vina® software program. A literature search
showed that ABC transporter inhibitors binds to the substrate
binding domains, or to the ATP-binding domains. Therefore,
the molecular dockings were performed to explore the binding
potentials in the substrate binding domains, as well as ATP-
binding domains. The crystal structures used to explore the
substrate binding region were 6FN1, 6FFC, and SUJA repre-
senting ABCB1, ABCC1, and ABCG?2 class of efflux proteins,
respectively. The binding potential in the nucleotide, or ATP-
binding domain were explored using 2CBZ. Before performing
the molecular docking for the identified compounds, grid size
were optimized by reproducing the binding modes of co-
crystalized ligands. The docking scores, or potential binding
affinity (represented in kcal/mol) of the identified compounds,
and DOX were compared with the binding affinity of the co-

crystalized ligand (Table 4). In addition to the molecular dock-
ings of the identified compounds, standard chemotherapeutic
agent DOX was also docked into the substrate binding sites
of the 6FN1, 6FFC, and 5UJA receptors. The docking scores
of the DOX were —8.4, —10, and —9 kcal/mol, respectively,
and these were noted to be marginally more than the docking
scores of the co-crystalized ligands, thereby indicating good
binding of the DOX at the substrate binding site of the trans-
porter protein. In general, the docking scores for the co-
crystallized ligand was found to be —9.5, —9.3 and —8.1 kcal/-
mol, respectively, for the three proteins. Among the com-
pounds identified from the fractionated alcoholic extract, the
compounds 3, 4, 6, 825, 27, and 32 (Table 1) showed good
binding potentials. The potential binding affinity varied from
the ~ 7.5 to ~ 11 kcal/mol for the docked ligands. The highest
binding potential was observed for the compound 15 (isorhoi-
folin). The calculated binding affinity using Autodock vina®
were noted to be —9.1, —11.1, and —11.0 kcal/mol for 6FNI,
6FFC, and SUJA proteins, respectively. Similarly, the com-
pound 8 (spiraeoside), 11 (quercetin-3,7-dirhamnoside), 12
(quercetin-3-glucoside-7-rhamnoside), 14  (luteolin-7-O-
glucoside), 24 (apigenin-7-O-glucoside), showed the docking
score of ~ -10 kcal/mol in all the proteins used for the docking
studies. For the ligands, compound 3 (chlorogenic acid), 9 (3-
glu-3,4',7-trihydorxy isoflavanone), 10 (kaempferol-3-neohe
speridoside-7-rhamnoside), 13 (hyperoside), 16 (kaempferol-3
-neohesperidoside), 19 (vitexin), 21 (5-O-methyl visamminol),
22 (N-trans-feruloyltyramine), 23 (quercetin), 25 (rhamnetin),
32 (ginsenoside-Rh2), the predicted binding affinities were in
the range of ~—8 to —9 kcal/mol (Table 1, and Table 4).

In order to find the molecular level interactions, the amino
acid (AA) residues in the 5 A area of the co-crystalized ligands
were analyzed (Table S1). It revealed that the substrate’s bind-
ing site was mostly comprised of the hydrophobic AA residues.
At the molecular level interactions, the ligands which showed
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Table 3 Synergistic interactions of a combination of DOX with 20 pg/ml of S. vermiculata extract/fractions in resistant HepG-2/ADR
cell lines, CI; combination index, FR; fold reversal, IB; isobologram, and medium effect equation (r-value).

S. vermiculata extract [fractions ICso (ng/ml)

HepG-2/ADR

Synergistic parameters

FR CI r IB
Doxorubicin (Dox) 477 £ 1.81 = = = =
DOX + Ethanol Ex. 1.72"" + 0.12 2.77 0.56 0.99 synergism
DOX + Chloroform Ex. 1777 + 0.11 2.69 0.55 0.98 synergism
DOX + Ethyl acetate Ex. 205" + 0.19 2.33 0.65 0.99 synergism
DOX + n-Hexane Ex. 266" + 021 1.79 0.70 0.97 synergism
DOX + n-Butanol Ex. 2.71 £ 0.20 1.76 0.64 0.98 synergism

Table 4 Docking scores of different ligands and compounds
docked in the substrate binding sites of S5UJA, 6FNI1, and
6FFC proteins.*

Sr. No. Ligand/Compounds 5UJA 6FN1 6FFC
1 Co-Crystalized ligand —8.1 -9.5 -9.3
2 Doxorubicin -9 —8.4 —10
3 3 -8.9 -8.6 -8.6
4 4 —8.6 —7.8 -9.6
5 6 -8.6 -82 -8.9
6 8 —10.6 —9.1 —10.7
7 9 -8.5 -7.9 -9.6
8 10 —8.8 -9.2 -9

9 11 -9.9 -9.6 —-10.8
10 12 —10.2 —-10 -9.4
11 13 —8.5 -8 -8

12 14 —10.8 —-8.9 —10.8
13 15 —10.9 -9 —11.1
14 16 -9.3 —-8.9 —9.1
15 17 -9.2 -85 -8.3
16 18 —8.7 —-8.9 -9.9
17 19 -8.5 -9.1 —10.2
18 20 —10 —-8.9 -9.4
19 21 —8.5 -7.3 -7.9
20 22 -8 —8.2 -9.2
21 23 -84 -8 -9.5
22 24 —10.5 -9.4 —10.4
23 25 -8.6 -7.6 -9.2
24 32 -9.2 -9.3 —8.8

* The docking score unit was kcal/mol; greater the negative
scores, greater was the binding affinity.

the predicted binding affinity in the range of ~—8.00 kcal/mol
to —11 kecal/mol were considered. The major residues involved
in hydrogen bondings in 1FN1 with the docked ligands were
Asn®”, Asn’®, GIn"*, GIn”"?, and GIn®*". Additionally, the
AA residues, GIn’®, GIn®"', and Tyr306 were also found to
be involved with few docked ligands. Similarly, for SUJA,
the commonly involved AA residues in hydrogen bonding were
Trp®S3, Asn®®, Arg™?, Asn®*, Tyr'>¥, GIn', Tyr'?%, and
Asn'?*. Some of the AA involved with few other ligands were
GIn'®%, Tyrmz, and Asn'®’. For 6FFC, the AA involved in
hydrogen bondings were Thr*®, Phe**?, Asn**®, and Phe**’.
In addition to the later AA residues, Gln**® was also involved
in hydrogen bonding with some of the docked ligands. It is
also pertinent to mention that docking studies showed exten-
sive hydrogen bondings for the docked ligands in protein crys-
tal structure SUJA, while limited hydrogen bonds were
observed in the crystal structure of 6FFC, as compared to

the 6FN1. The molecular docking studies, also displayed that
the glycone part of the ligands were involved in extensive
hydrogen bondings. Further, the hydrophobic interactions,
such as, m — = stacking, and © — alkyl and aryl groups interac-
tions were also noted in certain cases. These results showed
that the majority of the compounds identified in the fraction-
ated alcoholic extract of the S. vermiculata plant possess high
binding affinity against ABC transporter family proteins, and
therefore these products can be considered to be the likely
MDR proteins inhibitors, and seemed to be involved in
improving the sensitivity of the DOX in the HCC. The
Fig. 4 showed the binding modes of isorhoifolin at the sub-
strate binding site of ABCBI1 (SUJA, A), ABCC1 (6FNI1, B)
and ABCG2 (6FFC, C). As mentioned above, the ATP-
binding was also explored using molecular dockings. However,
the results from the ATP-binding domain were not satisfactory
to explain the experimental observations, and hence are not
detailed out. The Fig. 5 represented the binding modes of com-
pound 15 in the substrate binding site of the three proteins.

4. Discussion

The alcoholic extract of the S. vermiculata was sequentially
partitioned using solvents of different polarities, starting from
n-hexane, followed by ethyl acetate, chloroform, and n-
butanol. The sequentially partitioned different fractions of
the alcoholic extract was subjected to the LC-MS based chem-
ical profilings, resulting in identifications of thirty six com-
pounds from the different sub-extracts of the partitioned
alcoholic extract. The substantial quantities of compounds
identified from the sub-extracts were octadecanoic acid, palmi-
tic acid, elaidic acid, kaempferol, ginsenoside-Rh2, linoleic
acid, and 5,8,12-trihydroxy-9-octadecenoic acid. In addition,
6-gingerol, N-trans-feruloyltyramine, and quercetin-3-gluco
side-7-rhamnoside, were also found in noticeable proportions.
The LC-MS profiling also demonstrated the presence of com-
pounds from different chemical classes that included phenolics,
flavonoids, and expectedly fatty acids, as part of lipophilic
constituents.

Different sub-extracts obtained from alcoholic extract were
tested for their anti-HCC bioactivity using sensitive hepatic
cell lines, and DOX-resistant HCC cell lines. As observed from
the ICsq values of the DOX against the sensitive, and resistant-
HCCecell lines, and in the absence as well as in presence of dif-
ferent sub-extracts of the partitioned fractions of the alcoholic
extract, the synergism on the growth rate of resistant cancer
cells was clearly visible, and this was further evident from
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Fig. 5 The docked poses of the compound 15 in the substrate binding sites of ABCBI1 (5UJA, A), ABCCI1 (6FNI, B), and ABCG2

(6FFC, C).

the combination index listed in Table 3. The DOX is known to
display less cellular inhibitions against the resistant cancer
cells, as compared to the sensitive cancer cells, because of its
efflux mediated through the ABC transporter family of pro-
teins, or MDR-associated proteins. The synergism of DOX
in combination with different sub-extracts may be attributed
to modulation and/or competition for the substrate’s binding
site at the ABC-transporter family proteins. This finally
resulted in reduction of DOX-efflux, and thereby enhanced
its cellular accumulations. This hypothesis also gained strength
from the fact that several compounds identified in different
sub-extracts were flavonoids, which were explored for their
inhibitory potential against the ABC transport proteins, which
was evident from molecular docking studies. Good binding
potentials of the flavonoids towards three classes of MDR-
associated proteins, employed in this study, were in accordance
with some of the earlier reported studies (Li and Paxton, 2013;
Mohana et al., 2016)(Morris and Zhang, 2006). One of the
known flavonoids which have been reported as MDR-
associated protein modulator are quercetin and its glyosidic
derivatives (Borska et al., 2010; Chen et al., 2010, 2018; Li
et al., 2018; Mohana et al., 2016; Yuan et al., 2015), that were
identified in the sub-extracts of the plant. Therefore, it can be
safely envisioned that quercetin, and its structurally-related
compounds are primarily responsible for the sensitization of
the DOX-resistant HCC cells. In addition to the flavonoids,
chlorogenic acid from Coffee arabica is also reported to exhibit
modulating effects for the ABCBI1 (P-gp) proteins (Wink et al.,
2012), (Jang et al., 2008). Also, it is very well established that
the ABC transporters are involved in wide-variety of sub-
strates across the cell membranes, and therefore, it is possible
that vitamin B2 acts as substrate, and competes with DOX for
substrate binding site of the transporter proteins. The com-
pounds 21, 22, and 32 also showed impressive binding poten-
tials in the molecular modeling studies involving the three
transporter proteins, however, a literature search using Sci-
finder® and Google® search engines revealed no evidence.

5. Conclusions

The alcoholic extract from S. vermiculata was subjected to
sequential partitioning using n-hexane, ethyl acetate, chloro-

form, and n-butanol solvents, followed by LC-MS based
chemical profiling of the obtained sub-extracts. The LC-MS
profiling resulted in identification of thirty six compounds.
Out of these, sixteen were flavonoids. The sub-extracts were
tested for their anti-HCC activity against sensitive as well as
doxorubicin (DOX)-resistant cell lines. The results displayed
reversal of DOX-sensitivity in resistant-HCC cell lines. The
reversal was found to be 2.7x, 2.33x, 1.79x, and 1.76x folds
up in the chloroform, ethyl acetate, n-hexane and n-butanol
sub-extracts, respectively. The molecular modelling of all thirty
six identified compound against three ABC transporter family,
i.e. ABCBI (the MDR protein), ABCC1 (MRP protein), and
ABCG2 (BCRP protein) displayed significant binding poten-
tials of the flavonoids. Thus, presence of significant propor-
tions of flavonoid compounds in these sub-extracts, in
addition to the presence of chlorogenic acid, can be considered
for the observed chemosensitizaton of the DOX-resistant HCC
cell lines. The summative effects of the anti-hepatocellular can-
cer activity of the S. vermiculta extracts as experimentally
observed in cell lines, were found to be interlinked owing to
their constituents.
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