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Abstract

Purpose: The medicinal plant [pomoea aquatica belonging to convulvulaceae family is an effective natural herb
for treatment of various ailments and possesses effective anticancer activity. The aim of the work is to characterize a
secondary metabolite merromoside (a resin glycoside) for anti-breast cancer activity through down regulation of ROS
species. Methods: The Extract of the whole plant has been prepared by maceration method using 50%v/v ethanol in
distilled water to get a hydroalcoholic extract. The phytochemical evaluation reveals that the active secondary metabolite
was isolated by using column chromatographic technique. The isolated compound was evaluated for its anticancer
properties through invitro method such as 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay on
Michigan Cancer Foundation-7 Cell lines. The purity and structural characterization were done by high-performance
thin layer chromatography, Fourier Transform Infrared Spectroscopy, Proton and*C Nuclear Magnetic Resonance
spectroscopy and Liquid Chromatography—Mass Spectrometry. Results: The isolated compound (W04) from the derived
extract showed Rf value of 0.79 that showed IC, of 182.8pg/ml. The chemical structure of W04 has been confirmed
as [4,5-dihydroxy-6-[5-hydroxy-2-methyl-4-(2-methylpropanoyloxy)-6-[(24,25,26-trihydroxy-5,23-dimethyl-9-oxo-
19-pentyl-2,4,8,20,22-pentaoxatricyclo[19.2.2.13,7]hexacosan-6-yl)oxy]oxan-3-yl]oxy-2-methyloxan-3-yl] 2-methyl
propanoate with the molecular weight 0 979.15268. The isolated compound merromoside from hydroalcoholic extract
of Ipomoea aquatica has been evaluated for anti-breast cancer properties. The down regulation of ROS species will
prevent reverse signalling and angiogenesis. This indicates that merromoside will overcome MDR in breast cancer
especially DOX-resistant.
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D/E and p21 used mitochondria-mediated apoptosis
featured by MMP decrease, ROS accumulation, caspase
cascade activation and Bax/Bcl-2 alteration (Bo-Yi Fan

Introduction

Plants are rich sources of medicinal compounds that

provide preventive and curative therapy than synthetic
drugs. Hence, there is an increased focus towards
assembling and contributing herbal remedy for meeting
the global exigency through drug development and
research (Apu et al., 2012). The International Agency
for Research on Cancer (IARC) estimates that globally,
1 in 5 people develop cancer during their lifetime, and
1 in 8 men and 1 in 11 women die from the disease.
Breast cancer represents 1 in 4 cancers diagnosed among
women globally. Colorectal, lung, cervical, and thyroid
cancers are also common among women (MamtaSaxena
et al., 2013; Marvibaigi et al., 2016) . As per the report
on the plant, Convolvulaceae plants would have resin
glycosides like aquaterins, convolvulins and jalapins
(Ono, 2017) . Aquaterins (I to XIX) present in the .
aquatica plant had evaluated for aquaterin II induced GO/
G1 arrest regulated by related proteins CDK4/6, cyclin

et al., 2015). Reversal of multidrug resistance (MDR)
by thirty resin glycosides from the morning glory family
(Convolvulaceae) was evaluated in vinblastine-resistant
human breast carcinoma cells (MCF-7/Vin) (Figueroa-
Gonzélez etal., 2012) . The mechanism of resin glycosides
in improving the MDR reversal activity was revealed
through a structure—activity relationship study that
substituting Rha" C-3 with a trans-cinnamoy! group (Li et
al., 2017). I. aquatica was screened for its activity against
fibroblast cell lysis after heterometrus laoticus scorpion
venom treatment but the result was clearly negative.
The purified compound from the methanolic extract of 1.
aquatica showed cytotoxicity towards cell cultures with
CTC50 values of 387 mg/ml against normal Vero cell
line, (normal African green monkey kidney) and HEP-2
(human larynx epithelial carcinoma) cell and A-549
(human small cell lung carcinoma). The crude extract was
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more potent than that of the purified compound probably
due to the combination of anthocyanin and other phenolic
compounds. Isolation of a free radical-scavenging
antioxidant from water spinach ([pomoea aquatica Forsk)
was reported (Parimala K etal., 2013) . Anticancer activity
of Ipomoea aquatica, a common leafy vegetable in prostate
cancer and reduction of cisplatin-induced hepatotoxicity in
vivo were reported. From the above literature information,
it is clear that /. aquatica plant extract has potential as
anti-tumor active while its effect has not been explored
with breast cancer cell lines. Resin glycosides, as
members of glycolipids have shown antitumor activity.
The activities include mammalian cytotoxicity of
tricolorin, antimetastaticacivity of cairicoside, HepG2
inhibition by aquaterin-II (Chen et al., 2017; Fan BY
et al., 2015; Pereda-Miranda et al., 2010; Rencurosi et
al., 2004). Dichondrins, resin glycosides isolated from
from Dichondrarepens were shown to reverse MDR and
increase the cytotoxicity of vincristine (Song et al., 2015)
. In radiotherapy, blockage of HIF1 response has been
shown to minimise lactate levels that worked as an aid
to suppress anaerobic metabolism resulting in improved
efficacy (Reuter et al., 2010). The role of resin glycosides
in inhibiting P-gP has been reported by the use of resin
glycosides from Merremiamammosa (Lour.) Hallier. F
(Convolvulaceae) (Kim HR et al., 2004; Kitagawa I et
al., 1997; Kokate CK et al., 2015; Lande et al., 2015).
Efflux pump inhibitory ability of resin glycosides towards
combating drug resistance in combinatorial therapy
has also been reported that indicate the potential of the
glycolipids in cancer treatment (Corona-Castafieda et al.,
2016). Hence, the research was focused on exploring the
anti-breast cancer potential of isolated compound from the
opted plant extract for anti-breast cancer activity Ipomoea
aquatic (Hu et al., 2014).

Materials and Methods

Materials
Plant Sample

The common name of the plant is Water Spinach,
River Spinach. The botanical name is identified and
authenticated as Ipomoea aquatica Forsskal belonging to
the family Convolvulaceae. The plant was collected from
the location Parambikulam — Aliyar Riverine, Pollachi.
The part of the plant used for the study was whole plant.
The plant was authenticated at BSI, Coimbatore-641003,
Tamil Nadu, India, with the authentication number of BSI/
SRC/5/23/2017/Tech./3269.

Chemicals/Reagents used

The chemicals and reagents used for the study were
Petroleum Benzine boiling range 60.0°C-80.0°C GR,
(Merck Specialities Private Limited, Mumbai—400 018),
Pyridine GR, Trichloro acetic acid, Sodium nitroprusside
dehydrate purified, Silica gel G 60 — 120 mesh for column
chromatography, o-toluidine, (Nice chemicals, Kochi — 682
024, Barfoed’s reagent, (Oxford Laboratory, Mumbai —
400 002), Ethanol AR 99.9%, (Jiangsu Huaxi International
Trade Co., Ltd.China), Zinc (metal) Powder, Laboratory
Rasayan, Gelatin, Extra pure, (Hi Media Laboratories
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Private Limited, Mumbai — 400 086), Potassium
dichromate, Qualigens Fine Chemicals, Mumbai — 400
030. Sulphur powder, Distilled water, Seliwanoft’s reagent
LR, (Reachem Laboratory chemicals Private Limited,
Chennai — 600 098), Molisch’s reagent LR, 1-naphthol
LR, Dimethyl sulphoxide LR, Toluene (Sulphur free),
Formic acid LR, Phenyl hydrazine hydrochloride LR,
Sodium oxalate LR, Dimethyl formamide LR, Ammonia
solution LR, Benedict’s quantitative reagent LR, Barium
chloride LR, Fehling Solution A LR, (Chemspure,
Chennai— 600 098), Acetic acid Glacial LR, Acetone LR,
Biuret reagent, (LobaChemie Private Limited, Mumbai
— 400 005), Mayer’s solution, Fehling Solution No.2,
Bial’s reagent, Picric acid, Ferric chloride, Ammonium
oxalate LR, Methanol LR, (S d Fine Chemicals Limited,
Mumbai — 400 030), Potassium iodide, Oxalic acid,
Sodium hydroxide pellets purified, Silica gel G for TCL,
(LobaChemie Private Limited, Mumbai — 400 005),
Potassium bromide for IR, MTT Powder, DMSO, Cell
lines, ATCC, DMEM/F12, (Invitrogen), Fetal Bovine
Serum, Penicillin,Streptomycin, Trypsin, EDTA, Glucose
in PBS and DMBA, (Sigma Chemicals Co. St. Louis,
MO, USA).

Instruments used

The analytical instruments utilized for the research
were Precision Balance (Wensar), Hot plate (Cintex), Ultra
Sonicator (Labman), Electrical Water bath (Technico), UV
cabinet (CAMAG and Deep Vision), FTIR (Shimadzu),
LCMS (PE Sciex AP13000), FT-NMR (BRUKER AV400),
Double beam UV/Visible spectrophotometer (Shimadzu
UV 1800), CO, incubator (Thermo Fischer Scientific) and
Microplate reader (Tecan).

Methods
Collection and Extraction
Maceration — a conventional extraction

In this process, the whole or coarsely powdered crude
drug was placed in a stoppered container with the solvent
and allowed to stand at room temperature for a period of at
least 3 days with frequent agitation until the soluble matter
has dissolved. The mixture then was strained, the marc
(the damp solid material) was pressed, and the combined
liquids were clarified by filtration or decantation after
standing (Apu et al., 2012) .

Preliminary Phytochemical Screening

Phytochemical process of the hydroaloholic extract
was carried out to detect the presence of secondary
metabolite such as flavonoids, tannins, terpenoids,
steroids, alkaloids, saponins and reducing sugars using
standard phytochemical methods. Medicinal properties
of the plants are determined by their phytochemical
constituents (JB, 1973; Khadabadi SS et al., 2013; Shaikh.,
2020) .

Isolation and purification of bioactive compounds from
plant samples

Completely dried plant extract sample should be
mixed with silica gel to make a fine powdered form for
easy distribution of sample in already packed silica gel



column. Sample powdered mass should be placed on the
top of the pre-packed silica column and sample should be
covered with a layer of cotton. The solvents of different
polarities were passed through column at uniform
rate under gravity to fractionate the sample extract
(Bajpai et al., 2016; Corona-Castafieda et al., 2016; JB,
1973; Lande et al., 2015) . Each fraction was collected
separately in a test tube and numbered consecutively
for further analysis on thin layer chromatography. The
visualized spots of the components in the chromato plate
are marked and the Rf value of each spot is calculated by
the formula: R = distance travelled by the sample (cm)/
distance travelled by the solvent (cm) (Kokate CK et al.,
2015). Based on the nature of the compounds, further
spectral analyses such as infrared (IR), mass spectrometry
and nuclear magnetic resonance (NMR) can be performed
to elucidate the chemical structure of target compounds
(Letal., 2012).

Anticancer Evaluation
Determination of effect of plant extract on cell proliferation
by MTT assay
Cell culture and drug treatment

Human breast carcinoma cell lines MCF-7 and MDA -
MB-231 were obtained from ATCC through NCCS, Pune,
India. The cells were cultured and maintained in Modified
Eagle’s Medium (MEM) and Dulbecco’s Modified Eagle’s
Medium (DMEM), respectively, supplemented with
10%(v/v) Fetal Bovine Serum (FBS) and 100 IU/mL
Penicillin and 0.1mg/mL streptomycin in a humidified
atmosphere of 5 % CO, at 37°C. Stock solutions of AZA
(Sigma), TSA (Sigma), and SFN (Sigma) were prepared in
dimethyl-sulphoxide (DMSO) whereas SAM (Sigma) was
dissolved in milli-Q water. Stock solutions were further
diluted to working concentrations in DMEM prior to use.
Cells were harvested by trypsinization and cell number
was counted by hemocytometer. The number of living
cells was calculated by Trypan blue staining (0.2% v/v).
For determining the concentration of drug that inhibited
cell proliferation by 50% (IC,), 5 X 10°cells per well
were seeded in a 96-well micro-titer plates and after 24
h incubation, were treated with the epigenetic modulators
at different concentrations (AZA, SAM, SFN (1, 5, 10,
15, 20, 50uM) and TSA (10, 20, 50, 100, 250, 500 nM))
mixed in respective medias supplemented with 5% FBS.
Control cells were treated with DMSO only (Grigalius
et al., 2017; JB, 1973; Juan-Garcia et al., 2015; Raj et
al., 2014) .

Cell viability analysis by colometric MTT assay

The effect of the epigenetic modulators, DNMT
and HDAC inhibitors on cellular proliferation
was assessed by 3-(4, 5-Dimethylthiazol-2-yl)-2,
5-DiphenyltetrazoliumBromide (MTT) assay, using
standard protocol. Briefly, the drug-treated cells in each

Table 1. HPTLC Analysis of Isolated Compound W04
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of the 96 wells were washed twice with PBS. 0.8 mg/mL
MTT solution was prepared from stock MTT solution
(5 mg/mL PBS, pH 7.2). A total of 100uL MTT solution
was added to each well and incubated at 37°C for 4 h
in dark. The supernatant was re-moved and 100 uL of
DMSO was added into each well to dissolve the formazan
crystals. The absorbance was measured at 570 nm and
results were expressed as the mean of three replicates as
a percentage of control (taken as 100%). The extent of
cytotoxicity was defined as the relative reduction of the
optical density (OD), which correlated to the amount of
viable cells in relation to cell control (100%). The cell
viability was plotted in a graph and the IC, | was calculated
accordingly to decide the optimum dosage of the drugs
for further studies (Liaudanskas et al., 2021; Vijayarathna
etal., 2012) .

Statistical analysis

All data are presented as means + SD. Statistical
analysis was performed using the Student’s t-test by
SPSS software. Values of P<0.05 were considered as
significant value.

Structural characterization
FTIR (KBrPressed Pellet Technique)

Sample is mixed with potassium bromide (0.1%w/v)
and compressed into a thin transparent pellet using a
hydraulic press at 3,000 psi or 200 bar pressure. The
scanned spectra are meant for interpretation (Tossaton
Charoonratana et al., 2014; YR, 2013).

Nuclear Magnetic Resonance Spectroscopic Analysis
D,0 was used as solvent for NMR analysis using both
'H and "*C (Tossaton Charoonratana et al., 2014) .

Spectroscopic Parameters
Mass Spectroscopic Analysis

Liquid chromatography and mass spectroscopic
analysis using electron spray ionization method was sued
and the spectra for two compounds were evaluated for
the various ion peaks to get complete information about
chemical structure (Song et al., 2015; Willard et al., 1986)

Results

The cold maceration was conducted with hydroalcoholic
menstruum for 7 days taking 350.0g of drug and 2000.0ml
of menstruum. The percentage yield of hydroalcoholic
extract was found to be 28.91 % w/w.

From the phytochemical tests, it was found that the
primary metabolites such as carbohydrates, proteins &
amino acids and the secondary metabolites like alkaloids,
glycosides, flavonoids, tannins & triterpenoids were
present in the prepared extract.

FTIR experiments for W04 as O-H Alcohols (3545

Sample Concentration

At 254 nm

At 366 nm

R, value
Wo04 1.0 pg/ spot 0.79

Peak Area
2647.4

Peak Area R, value
2305.6 0.79
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Figure 1. FTIR, 1H NMR, 13C NMR and LC/MS Spectral Data of Isolated Compound W04 Separately
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Figure 2. Possible Predictable Structure for W04
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Table 2. Evaluation of IC_ Values of Samples
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MCE-7

Compound name Conc. (png/ml) OD at 590nm % Inhibition IC, (ng/ml)
Control 0 0.923 0 220.9
Extract 10 0.884 4.23

20 0.835 9.53

40 0.779 15.6

80 0.685 25.79

160 0.594 35.64

320 0.432 53.23

320 0.448 51.44
wo4 10 0.885 4.12 182.8

20 0.855 7.37

40 0.779 15.56

80 0.68 26.34

160 0.549 40.5

320 0.408 55.82

were concluding the expected set of protons with active
functional groups. The 1H spectrum resulted for W04
existed with 25-CH3 (8-0.927), 5-CH3 -sugar (3-1.426),
11-CH2 (8-2.224), 5-H-sugar (5-3.852), 4-H-sugar (6-
4.509), 3-H-sugar (3-5.999), 6-OH (5-2.522 & 3.560), 9-H
(6-2.653) and 7-H (8-2.675). FT — NMR spectral studies
for 3C NMR spectra of compounds were finalizing the
predictable set of carbons with active functional groups.
The spectrum gives rise to following groups for W04,
C-6 C=0 (5-153.75), C-8 C=0 (5-143.49), C-1 (5-132.95
& 132.74), C-4-sugar (8-78.97), C-5-sugar (5-65.25),
C-7 C=0 (5-40.13), C-11 (3-39.71 & 39.72), C-23 (8-
39.50, 39.29, 39.09 & 38.87), C-12 (8-30.42) and C-24
(0-25.02 &22.43). LC/MS spectral data revealed that the
compound found with the molecular weight of 979.1527
and the molecular formula of C48H82020. The spectra
are collected in Figure 1.

Finally, all the spectral data including FTIR, 1H NMR,
BCNMR and LCMS give rise to the prediction of possible
chemical structure through the advanced instrumental
software for compound (W04) as merremoside with
TUPAC name of [4,5-dihydroxy-6-[5-hydroxy-2-methyl-
4-(2-methylpropanoyloxy)-6-[(24,25,26-trihydroxy-5,23-
dimethyl-9-ox0-19-pentyl-2,4,8,20,22-pentaoxatricyclo

nl

0.7¢

b £ 0] [ ] = E

[19.2.2.1%7] hexacosan-6-yl)oxy]oxan-3-yl]oxy-2-
methyloxan-3-yl] 2-methyl propanoate (Figure 2).

HPTLC chromatogram of isolated compounds R value
showed the single peak at specific values, compound 1 at
0.37 and compound 2 at 0.79. The results are shown in
the Figure 3 and Table 1 respectively.

AEIA and its isolated compounds were evaluated for
their in vitro anticancer activity using MCF — 7 cell lines
by colorimetric assay which showed noteworthy inhibitory
action on the proliferating cells.

The analysis of half maximal inhibitory concentration
(IC,,) of all samples concluded the action of W04 was
significant with IC, value of 182.8 pg/ml when it was
compared with the extract 220.9 pg/ml, individually, as
shown in the Table 2.

Discussion

Role of natural compounds in cancer treatment has
been attributed to increasing concentration of drugs that
resulted in suppressing cancer cell viability, and migration
in addition to causing increased cell death (Nanayakkara et
al., 2018). Biochanin A and other natural compounds have
exerted MDR reversal through P-gp inhibition (Chung et

uf

III.'?j

)
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Figure 3. HPTLC Chromatogram of Isolated Compound for W04 at 254nm and at 366nm respectively
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al., 2005). Presence of ortho-dihydroxy function in flavone
C ring has been suggested to be important for antioxidant
and anticancer activity (Raj etal., 2014) . Resin glycosides
with acyl sugar coupled with amphiphilic nature have been
reported to shown P-gp inhibition leading to overcoming
MDR in cancer (Lira-Ricardez J et al., 2020; Rybalkina
etal., 2021; Syed et al., 2016).

The present results of higher antioxidant activity
leading to anticancer activity against breast cancer cell
lines are in line with reports of plant phenolics in herbal
medicine with strong antioxidant activity (Liaudanskas
et al., 2021). Oxidative stress in causing changes in
metabolic processes that trigger cancer cell proliferation
and the role of quenching of free radical species has been
found to be critical to control cancer (Pandey et al., 2009).
Higher phenolic content from Scurrulaferruginea (Jack)
Danser had shown to enhanced apoptosis in breast cancer
cell lines, due to high level of radical quenching ability
(Iriti et al., 2017; Marvibaigi et al., 2016; Rybalkina et
al., 2021; Syed et al., 2016; Veena Sharma et al., 2017) .
In view of the above, the anticancer activity of fraction
W04 from Ipomoea aquatica, could be correlated with high
phenolic content through its antioxidant activity.

In conclusion, the isolated resin glycoside
(merromoside) from the Ipomoea aquatica has been
evaluated for its anticancer activity against human breast
cancer cell lines using MCF-7. From the chemical and
biological characterization of a lead molecule from Indian
water spinach containing flavone hydroxyl group and the
acyl groups in resin glycoside W04 might be responsible
for the antioxidant activity coupled with inhibiting P-gp
efflux through down regulation of ROS and inflammatory
cytokines, thereby resulting in inhibiting tumorigenesis.
The anticancer effect was highly significant and it
correlates with standard anticancer drug Vinblastine. And
its potential will be further examined in MDR cancer cell
lines.

Author Contribution Statement

SM and SS contributed to the study conception and
design. Material preparation, data collection and analysis
were performed by SM and SS. MS and NA supervised the
process of data collection and analysis. The first draft of
the manuscript was written by SM and NA and all authors
commented on previous versions of the manuscript. All
authors read and approved the final manuscript.

Acknowledgements

This examination was encouraged by the Management
and Principal of Karpagam Educational Institutions,
Coimbatore. We acknowledge our colleagues from
Karpagam College of Pharmacy and Faculty of Pharmacy,
Karpagam Academy of Higher Education, Coimbatore,
who afforded intuitiveness and proficiency that greatly
assisted the research.

This work is a part of approved Ph.D thesis of an
author SM.

3662 4sian Pacific Journal of Cancer Prevention, Vol 23

Ethical Approval Statement

As only invitro cell lines studies are reported in this
manuscript, ethical approval statement has not been
enclosed.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material; further
inquiries can be directed to the corresponding author.

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

References

Apu AS, Liza MS, Jamaluddin AT, et al (2012). Phytochemical
screening and in vitro bioactivities of the extracts of aerial
part of Boerhavia diffusa Linn. Asian Pac J Trop Biomed,
2, 673-8.

Bajpai VK, Majumder, Rajib, et al (2016).Isolation and
purification of plant secondary metabolites using column-
chromatographic technique. Bangl J Pharmacol, 11, 844.

Bo-Yi F, Zhong-Rui L, Ting Ma, et al (2015). Further screening
of the resin glycosides in the edible water spinach and
characterisation on their mechanism of anticancer potential.
J Funct Food, 19, 141-54.

Chen C, Ma T, Zhang C, et al (2017). Down-regulation of
aquaporin 5-mediated epithelial-mesenchymal transition
and anti-metastatic effect by natural product Cairicoside E
in colorectal cancer. Mol Carcinog, 56, 2692-705.

Chung SY, Sung MK, Kim NH, et al (2005).Inhibition of
P-glycoprotein by natural products in human breast cancer
cells. Arch Pharm Res, 28, 823-8.

Corona-Castafieda B, Rosas-Ramirez D, Castafieda-Goémez J,
et al (2016).Resin glycosides from Ipomoea wolcottiana as
modulators of the multidrug resistance phenotype in vitro.
Phytochemistry, 123, 48-57.

Fan BY, Li ZR, Ma T, et al (2015).Further screening of the resin
glycosides in the edible water spinach and characterisation
on their mechanism of anticancer potential. J Funct Foods,
19, 141-54.

Figueroa-Gonzalez G, Jacobo-Herrera N, Zentella-Dehesa A,
et al (2012).Reversal of multidrug resistance by morning
glory resin glycosides in human breast cancer cells. J Nat
Prod, 75, 93-7.

Grigalius I, Petrikaite V (2017). Relationship between
Antioxidant and Anticancer Activity of Trihydroxyflavones.
Molecules, 22, 2169.

HulJ, WuF, Wu S, et al (2014).Biochar and Glomus caledonium
influence Cd accumulation of upland kangkong (Ipomoea
aquatica Forsk.) intercropped with Alfred stonecrop (Sedum
alfredii Hance). Sci Rep, 4, 4671.

Iriti M, Kubina R, Cochis A, et al (2017). Rutin, a quercetin
glycoside, restores chemosensitivity in human breast cancer
cells. Phytother Res, 31, 1529-38.

JB H (1973). Phytochemical Methods. Chapman and hall Ltd,
London: UK, pp 49-188.

Juan-Garcia A, Juan C, Konig S, et al (2015).Cytotoxic effects
and degradation products of three mycotoxins: alternariol,
3-acetyl-deoxynivalenol and 15-acetyl-deoxynivalenol in
liver hepatocellular carcinoma cells. Toxicol Lett, 235, 8-16.

Khadabadi SS, Deore SL, BA B (2013). Experimental
Phytopharmacognosy — A Comprehensive guide.
(NiraliPrakashan, Pune, Maharashtra. Second edition),



3.1-3.13,A 1.1-2.8.

Kim HR, Chung SY, Jeong YH, et al (2004). Evaluation on the
P-glycoprotein inhibitory activity of Indonesian. Nat Prod
Sci, 10, 268-71.

Kitagawa I, Ohashi K, Beak NI, et al (1997). Chem Pharm Bull,
45, 786-94, 19 20.

Kokate CK, Purohit AP, SB G (2015).Pharmacognosy, 51st
edition, Nirali Prakashan, Pune, Maharashtra. A, 23-A.27.

LD Chothani, Patel MB, et al (2012).HPTLC Fingerprint Profile
and Isolation of Marker Compound of Ruelliatuberose.
Chromatography Research International, pp 1-6.

Lande AA, Ambavade SD, Swami US, et al (2015).Saponins
isolated from roots of Chlorophytum borivilianum reduce
acute and chronic inflammation and histone deacetylase.
J Integr Med, 13, 25-33.

Li J, Wang, Wen-Qiong, et al (2017).Pentasaccharide resin
glycosides with multidrug resistance reversal activities
from the seeds of Pharbitis nil. RSC Advances, 7, 52001-9.

Liaudanskas M, Zvikas V, Petrikaité V (2021). The Potential
of Dietary Antioxidants from a Series of Plant Extracts as
Anticancer Agents against Melanoma, Glioblastoma, and
Breast Cancer. Antioxidants (Basel), 10.

Lira-Ricardez J, R P-M (2020). Reversal of multidrug resistance
by amphiphilic morning glory resin glycosides in bacterial
pathogens and human cancer cells. Phytochem Rev, 19,
1211-29. .

Mamta S, Jyoti S, Rajeev N, et al (2013). Phytochemistry of
medicinal plants. J Pharmacogn Phytochem, 1, 168-82.
Marvibaigi M, Amini N, Supriyanto E, et al (2016). Antioxidant
activity and ROS-dependent apoptotic effect of Scurrula
ferruginea (Jack) Danser Methanol Extract in Human Breast

Cancer Cell MDA-MB-231. PLoS One, 11, ¢0158942.

Nanayakkara AK, Follit CA, Chen G, et al (2018).Targeted
inhibitors of P-glycoprotein increase chemotherapeutic-
induced mortality of multidrug resistant tumor cells. Sci
Rep, 8, 967.

Ono M (2017). Resin glycosides from Convolvulaceae plants.
J Nat Med, 71, 591-604.

Pandey KB, Rizvi SI (2009). Plant polyphenols as dietary
antioxidants in human health and disease. Oxid Med Cell
Longev, 2, 270-8.

Parimala KDS (2013). Phytochemical studies on the flowers of
ipomoea aquatica. International, 2, 53-5.

Pereda-Miranda R, Rosas-Ramirez D, Castafieda-Gomez J
(2010). Resin glycosides from the morning glory family.
Fortschr Chem Org Naturst, 92, 77-153.

Raj GG, Varghese HS, Kotagiri S, et al (2014). Anticancer
studies of aqueous extract of roots and leaves of pandanus
odoratissimus f. ferreus (Y. Kimura) Hatus: An In Vitro
Approach. J Tradit Complement Med, 4, 279-84.

Rencurosi A, Mitchell EP, Cioci G, et al (2004).Crystal structure
of tricolorin A: molecular rationale for the biological
properties of resin glycosides found in some Mexican herbal
remedies. Angew Chem Int Ed Engl, 43, 5918-22.

Reuter S, Gupta SC, Chaturvedi MM, et al (2010).Oxidative
stress, inflammation, and cancer: how are they linked?. Free
Radic Biol Med, 49, 1603-16.

Rybalkina EY, Moiseeva NI, Karamysheva AF, et al (2021).
Triterpenoids with modified A-ring as modulators of
P-gp-dependent drug-resistance in cancer cells. Chem Biol
Interact, 348, 109645.

Shaikh JP, Matsyagand HA (2020). Qualitative tests for
preliminary phytochemical screening. An Overview, 8,
603-8.

Song WB, Wang WQ, Zhang SW, et al (2015). Multidrug
resistance-reversal effects of resin glycosides from
Dichondra repens. Bioorg Med Chem Lett, 25, 795-8.

DOI:10.31557/APJCP.2022.23.11.3657
Evaluation of the Role of Merromoside

Syed SB, Coumar MS (2016). P-Glycoprotein mediated
multidrug resistance reversal by phytochemicals: A Review
of SAR & Future Perspective for Drug Design. Curr Top
Med Chem, 16, 2484-508.

Tossaton C, Kingkan B, Tun C, et al (2014). Development and
alidation of LC-MS method for quantitative analysis of a
traditional Thai antihypertensive herbal recipe. Int J Pharm
Pharm Sci, 6, 259-62.

Veena S, Janmeda P (2017). Extraction, isolation and
identification of flavonoid from Euphorbia neriifolia leaves.
Arab J Chem, 10, 509-14.

Vijayarathna S, Sasidharan S (2012). Cytotoxicity of methanol
extracts of Elaeis guineensis on MCF-7 and Vero cell lines.
Asian Pac J Trop Biomed, 2, 826-9.

Willard, Merritt, Dean, et al (1986). Instrumental methods of
Analysis. An Introduction to Absorption and Emission
spectroscopy.7th edition. (CBS Publishers & Distributors
Pvt.Ltd., New Delhi), pp 97-116.

YR S (2013).Elementary Organic Spectroscopy.Principles and
Chemical Applications.5" revised edition. (S. Chand and
Company Pvt. Ltd., New Delhi). 1-156, 191-308.

Glolel

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

Asian Pacific Journal of Cancer Prevention, Vol 23 3663



