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Abstract The edible pseudo bulbs of Malaxis acuminata
D. Don are used as a constituent of an Indian drug ‘Asta-
varga’ and in several marketed Ayurvedic formulations. The
aim of the present work was to investigate the in vitro
antiproliferative activity of the ethanolic extract and its
fractions of the pseudo bulbs of Malaxis acuminata and to
develop the HPLC-ESI-QTOF-MS/MS method for rapid
de-replication of the phytoconstituents present in the
bioactive fraction. The antiproliferative activity was eval-
uated against four human cancer cell lines, such as A549
(non-small cell lung cancer cells), DU145 (human prostate
carcinoma), DLD1 (human colorectal adenocarcinoma), and
MCF-7 (human breast adenocarcinoma) using the sul-
phorhodamine B assay. Eleven compounds including two
flavonoids, three bisphenanthrene compounds, three still-
benoid compounds, two phenanthrene derivatives, and one
prenylated benzoic acid were identified and characterized
by HPLC-ESI-QTOF-MS/MS analysis along with the iso-
lation of three steroidal compounds by column chromato-
graphy. The present investigation indicated that pseudo
bulbs of Malaxis acuminata possessed a potent
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antiproliferative activity. LC-MS/MS analysis provided
rapid dereplication of compounds, which might be respon-
sible for its antiproliferative activity.
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Introduction

Malaxis acuminata D. Don, a synonym for Microstylis
wallichii Lindl. (Orchidaceae) is an endangered, terrestrial
orchid of tropical Himalaya, distributed in the pine forests at
an altitude of 1800-2300 m (Chinmay et al. 2011). M.
acuminata is a perennial medium-sized orchid up to 30 cm
in height with pseudo bulbs at the base and fibrous roots.
The leaves are simple, 3—4 in number, alternate, ovate-
lanceolate, membranous, 5-15-cm long, and acute apex
with a sheathing leaf base. The flowers are terminal
racemes, yellowish green in color with a purple tinge and 3
mm in diameter (Cheruvathur et al. 2010; Chinmay et al.
2011; Uma et al. 2015). M. acuminata is reported as
Rasayana and is an important constituent of an Ayurvedic
formulation ‘Ashtavarga’ (group of eight medicinal plants)
used in the preparation of ‘Chyavanprash’, which is a
rejuvenating agent (Govindarajan et al. 2007). The plant is
used to treat tuberculosis and is also used as an aphrodisiac
(Sharma et al. 2014). The bulbs of this plant are well known
for its medicinal value in the Indian System of Medicine,
traded as Jeevak and are used as edible bulbs in the north-
eastern region of India (Sharma et al. 2014; Rai et al. 2001).
Fresh bulbs are used to treat bleeding diathesis, burning
sensation, fever, and phthisis (lung diseases) and are
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externally used as a paste in the treatment of insect bites and
rheumatism along with other plants (Cheruvathur et al.
2010; Chinmay et al. 2011). The ethanolic extract of pseudo
bulbs is reported for in vivo analgesic and anti-
inflammatory activity (Chinmay et al. 2011). In the local
area, the pseudo bulbs are used in bronchitis and as a tonic.
Similarly, it is used as an ingredient in several formulations
such as chavanprash, Bramha Rasayana, and Haritak-
Kyadiyoga (Govindarajan et al. 2007; Narayana et al.
2016). The decoction of pseudo bulbs of M. acuminata is
used to cure fever, burning sensation, bleeding diathesis,
phthisis, cooling, febrifuge, and spermopiotic by the people
of Nagaland, India (Rajurkar and Gaikwad 2014; Uma et al.
2015).

The medicinal properties of the family Orchidaceae are
due to the presence of different classes of compounds,
including alkaloids, flavanoids, stilbenoids, phenanthrenes,
terpenoids, bibenzyl derivatives, and so on (Cheruvathur
et al. 2010; Rajurkar and Gaikwad 2014; Teoh 2016). The
genus Malaxis is known for its nutritive values and is used
in the form of a tonic, lactagouage, and rejuvenating drugs
which are reported to treat insect bites, rheumatism, burning
sensation, fever, general body weakness, and phthisis
(Szlachetko and Kolanowska 2014; Hossain 2011). Malaxis
species are reported to contain alkaloids, glycosides, and
flavonoids (Teoh 2016). The gas chromatography—mass
spectrometry analysis of pseudo bulbs of M. acuminata has
been reported to possess long-chain saturated and unsatu-
rated fatty acids (Rajurkar and Gaikwad 2014). The che-
mical analysis of pseudo bulbs of M. acuminata showed to
possess a variety of metals, fatty acids, terpenoids and
vitamins, o-tocopherol, and 7y-tocopherol (Rajurkar and
Gaikwad 2014; Chinmay et al. 2011; Teoh 2016).

Literature survey revealed that the phytochemistry of M.
acuminata is still unexplored, whereas its formulations are
marketed and are having commercial, as well as health
importance. Therefore, the development of a selective and
efficient analytical method for rapid dereplication of the
phytoconstituents of M. acuminata is required. High-
performance liquid chromatography/electrospray ionization
tandem mass spectrometry (HPLC-ESI-QTOF-MS/MS) is
one of the most selective and efficient technique for dere-
plication and identification of minor constituents (Rubert
et al. 2015; Seger and Griesmacher 2007). The present
investigation on the pseudo bulbs of M. acuminata showed
to possess an antiproliferative activity in ethyl acetate
fraction (MAETOAC) which prompted for the dereplication
study of the phytoconstituents present in the bioactive
fraction using HPLC-ESI-QTOF-MS/MS. To the best of
our knowledge and according to literature survey, this is the
first report of the fractionation and bioguided identification
of compounds by HPLC-ESI-QTOF-MS in the genus
Malaxis.
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Materials and methods
Reagents and materials

Methanol (LC-MS grade) and formic acid (analytical
grade) were purchased from Sigma-Aldrich (St. Louis,
USA) and ultrapure water was produced by a Milli-Q sys-
tem (Millipore, Milford, MA, USA). The pseudo bulbs of
M. acuminata were purchased from a plant supplier, Deh-
radun, India in October 2013 and were identified by Dr. K.
R. Arya, Botany Division at CDRI-CSIR, Lucknow and a
voucher specimen number (M. acuminate-4781) has been
deposited in the medicinal plant herbarium of the same
institute.

Extraction and fractionation

The dried and powdered bulbs (4.8 kg) of M. acuminata
were extracted with ethanol by percolation. The con-
centrated ethanol extract (MAETOH; 130.0 g) was treated
with 5% HCI solution to obtain pH values of 2-3 and fil-
tered through a filter paper. The precipitate (acid-insoluble
part) was removed and the filtrate (acid-soluble part) was
successively partitioned by hexane (12.0mg) and ethyl
acetate (MAEPH3; 4.0 g). The aqueous part (pH 2-3) was
basified by ammonia (pH 10) and extracted sequentially to
get EtOAc (35.0mg) and n-BuOH (MABPHI10, 1.3 g)
soluble fractions and the remaining water part was con-
centrated to yield a water fraction (MAWPHI10; 23.0 g).
The acid-insoluble precipitate was dissolved in
water—methanol (3:1) and partitioned to give hexane
(MAHEX, 10.0g), EtOAc (MAETOAC, 21.0g), and n-
BuOH (MABUOH, 7.0 g) fractions. The ethanol extract of
M. acuminata pseudo bulbs and its fractions with appreci-
able yields were screened for in vitro antiproliferative
activity using the sulphorhodamine B (SRB assay. The
extract and its fractions were coded as ethanol extract,
MAETOH; ethyl acetate fraction at pH-3, MAEPH-3;
butanol fraction at pH-10, MABPH-10; and water fraction
at pH-10, MAWPH-10; acid-insoluble hexane, ethyl acet-
ate, and n-butanol fractions were coded as MAHEX,
MAETOAC, and MABUOH, respectively.

Cell culture

Human cancer cell lines such as A549 (non-small cell lung
cancer cells), DU145 (human prostate carcinoma), DLD1
(human colorectal adenocarcinoma), and MCF-7 (human
breast adenocarcinoma) were procured from American
Type Culture Collection, (Manassas, VA, USA). The cells
were maintained in Dulbecco’s Modified Eagle Medium
supplemented with 10% fetal bovine serum and 1%
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Ta.bl.e 1 Antiproliferative Extract/fractions code Percentage of growth inhibition (Mean + SE)*

activity of the extract and

fractions of M. acuminata A549 DU145 DLD1 MCE-7

against different cancer cell lines
MAETOH 44.83 +14.79 33.99+13.10 44.05 +15.84 45.62 +13.42
MAEPH3 NI NI NI NI
MABPH10 NI NI NI NI
MAWPHI10 NI NI NI NI
MAHEX 12.83 +9.25 NI 5.13+6.07 6.98 +4.67
MAETOAC 70.29 +7.22 68.65 + 8.10 73.12 +8.58 79.10 £ 9.62
MABUOH 44.94 +16.47 30.22 +10.21 39.12 +15.59 43.04 £11.76
Doxorubicin 80.13+3.28 64.45 +3.28 79.82 +1.79 89.26 +0.3

*n =3; NI no inhibition

antibiotic—antimycotic solution (Life Technology) at 37 °C
in 5% CO,.

Cytotoxicity assay

The cytotoxic effect of crude extracts and fractions on dif-
ferent cancer cells was assessed by Sulphorhodamine B
dye-based plate assay. The cells (10,000/well in a 96-well
plate) were grown overnight at 37°C in 5% CO, and
incubated with test samples (100 pg/ml) for an additional
48 h. Untreated cells served as controls. After 48 h, the cells
were fixed and stained with the SRB dye, as described
earlier (Adaramoye et al. 2011) and the plates were read at
540nm on a plate reader. The cytotoxic effect of the
compound was calculated as % inhibition in cell growth as
per the formula: [1—(Absorbance of drug-treated cells/
Absorbance of untreated cells) x 100].

HPLC analysis

Analyses were carried out using an Agilent 1200 HPLC
system (Agilent technologies, USA) interfaced with Agilent
6520 hybrid quadrupole time of a flight mass spectrometer
(Agilent technologies, USA) equipped with an electrospray
ion source. Agilent 1200 HPLC system was equipped with a
quaternary pump (G1311A), an online vacuum degasser
(G1322A), an autosampler (G1329A), and a diode-array
detector (G1315D) (Kumar et al. 2015). The separation of
the compounds from the EtOAc fraction (MAETOAC) of
M. acuminata was carried out on a Supelco, C;g column
(10 cm x 2.1 mm, 2.7 pm) operated at 25 °C. Analysis was
done with a gradient elution program of 0.1% formic acid in
water (A) and methanol (B) as a mobile phase at a flow rate
of 0.3 mL/min. The following 50 min gradient system was
applied: 0-10 min, 40% B; 10—40 min, 40-90% B; 40-42
min, 90-90% B; and 42-50 min, 90-40% B. The sample
injection volume was 3 pL. UV detection was performed by
scanning the samples at 190—400 nm.

Mass-spectrometric analysis

A mass spectrometer was operated in a negative electrospray
ionization (ESI) mode and the spectra were recorded by
scanning the mass range of m/z 50-1500 in both MS and
MS/MS analyses. In QTOF-MS, nitrogen was used for
drying, nebulizing, and collision gas with a drying gas flow
rate of 12 L/min. The heated capillary temperature was set to
350 °C and the nebulizer was set to 40 psi. In scan-source
parameters, VCap, fragmentor, skimmer, and octapole RF
peak voltages were set to 3500, 175, 65, and 750V,
respectively. For the MS/MS analysis, collision energies
were used at 25, 30, and 40 eV. The accurate mass data of
the molecular ions were processed through the software
Mass Hunter Workstation (version B 04.00), which provided
a list of possible elemental formulas that are used to generate
a molecular formula from the peak (Kumar et al. 2015).

Results and discussion
Fractions and antiproliferative activity

The ethanol extract and its fractions were examined for
antiproliferative activity by the SRB assay against four
human cancer cell lines such as A549, DU145, DLD1, and
MCEF-7. The ethanol extract and n-BuOH (MABUOH)
fraction showed a moderate antiproliferative activity,
whereas acid-soluble fractions were found to be inactive.
The EtOAc fraction (MAETOAC) showed a potent
antiproliferative activity in comparison with standard
doxorubicin against cancer cell lines, such as A549
(70.29 +7.22), DLD1 (73.12 +8.58), MCF-7 (79.10 +
9.62), and DU145 (68.65 + 8.10) (Table 1).

Identification of compounds

The bioactive ethyl acetate fraction (MAETOAC, 1.5 g) that
was purified over Si gel column chromatography afforded

@ Springer
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Fig. 1 Base pair chromatogram x10 2
(BPC) of a bioactive ethyl

acetate fraction of M. acuminata
by HPLC-ESI-QTOF-MS in the 0.8 -
negative ion mode. Peak

labeling represents the 0.6
compounds identified 0.4 -
0.2
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Scheme 1 MS/MS fragmentation of bulbophythrin A

three compounds such as f-sitosterol, stigmasterol, and
stigmasterol-3-O-glucoside which were identified by
Nuclear magnetic resonance (NMR), MS, and co-thin layer
chromatography with authentic samples available in our
laboratory. The base peak chromatogram of the anti-
proliferative active MAETOAC fraction of M. acuminata is
depicted in Fig. 1 in which the peaks are numbered
according to their elution order. Eleven compounds were
identified and characterized based on their accurate mass,
fragmentation behavior, and/or literature data. The MS data
of the identified compounds, including observed and cal-
culated mass, molecular formula, ppm error, and MS/MS
data are given in Table 2. The HPLC-ESI-QTOF-MS ana-
lysis showed that flavonoids, bisphenanthrene, stillbenoids,
phenanthrene derivatives, and prenylated benzoic acid were
present in the bioactive MAETOAC fraction of M.
acuminata.

Peaks 1 and 2 (m/z 477.1038 [M —H] ") were identified
as isomers of isorhamnetin glycosides eluting at two dif-
ferent values of rg 27.518 and 27.792 min (Schieber et al.
2002). The MS/MS fragmentation pattern of these two
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m/z 465.1334

m/z 450.1109

m/z 225.0057

m/z 240.0792

flavonoid isomers was found to be similar to that of iso-
rhamnetin O-glycoside identified earlier from the extract of
apple fruit (Schieber et al. 2002) and Ginkgo biloba (Tang
et al. 2001). Both the compounds yielded common frag-
ments at m/z 314 due to the loss of a sugar moiety, and a
fragment ion at m/z 285 was obtained due to the loss of
CHO and a fragment ion at m/z 271 corresponding to the
loss of CO followed by CH; from aglycone isorhamnetin at
m/z 314, respectively. The peak at m/z 299 was obtained
due to the loss of a methyl radical from m/z 314.

Peaks 3, 4, and 7 (m/z 481.1657 [M—H] ") were iden-
tified as isomers of bulbophythrin A eluting at three dif-
ferent values of rg 32.557, 33.716, and 38.047 min. These
three compounds yielded two common fragments at m/z 465
and 450 due to the consecutive losses of CH, and CHj;
(Scheme 1). Fragment ions at m/z 240 and 225 were
obtained by the cleavage of the C—C bond between the
bisphenanthrene moiety followed by the loss of CHs. A
fragment ion at m/z 433 was obtained due to the simulta-
neous loss of two methyl groups and one water molecule
corresponding to the molecular formula C,gH;,0s. Earlier,
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Scheme 2 MS/MS
fragmentation of gigantol

oH

m/z 273.1132 0

m/z 258.0898

C-C bond cleavage

0]
m/z 136.053

Scheme 3 MS/MS
fragmentation of batatasin III

HO M/z 243.1027

C-C bond cleavage

/N

9.

m/z 106.0424

bulbophythrin A and its isomer were isolated from Bulbo-
phyllum odoratissimum and Bletilla striata (Xu et al. 2009).

Three classes of stilbenoid compounds and peaks 5, 6,
and 11 were identified as gigantol, batatasin III, and 3'-O-
methylbatatasin at g values of 34.505, 35.230, and 42.265
min, respectively. These three compounds yielded two
common fragment ions at m/z 136 and 121. A fragment ion
at m/z 136 was obtained due to the cleavage of the C-C
bond from the stilbene ring, which further loses the CHj
group-yielded fragment ion at m/z 121. Peak § was identi-
fied as gigantol at m/z 273.1147 [M—H] ; a yielded frag-
ment ion at m/z 258 was formed due to the loss of CHjs
(Scheme 2). Peak 6 was identified as batatasin III at m/z
243.1027 [M—H]; a yielded fragment ion at m/z 227 was
formed due to the loss of CH, (Scheme 3). Stilbenoids,

@ Springer
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‘ C ~ CHs

-15Da
m/z 136.053

Sy

m/z 121.0295

_m
CH,
~16 Da

m/z 227.0714

-CgHgO2
-134 Da
0]
= 3O
—_— e, O
O/ m/z 93.0346

m/z 121.0295
m/z 136.0524

gigantol, and batatasin IIl were reported earlier for the
antiproliferative activity against HL-60 cell line (Chen et al.
2017; Simoni et al. 2003; Teoh 2016).

Peak 11 at m/z 257.1178 [M —H] ", was identified as 3'-
O-methylbatatasin in its MS/MS spectrum. The loss of CHy
from m/z 257 yielded a fragment ion at m/z 241, which
further loses CHj that led to a fragment ion at m/z 226
(Scheme 4). Stilbenoid and 3’-O-methylbatatasin was pre-
viously reported (Yamaki et al. 1989).

Peak 8 (m/z 239.0706 [M-H] ) and peak 9 (m/z
271.0976 [M —H] ) were identified as phenanthrene class
of compounds; lusianthrin and 2,3-dimethoxy-9,10-dihy-
drophenanthrene-4,7-diol eluted at fz values of 39.657 and
39.657 min, respectively. Peak 8, at m/z 239.0706 [M -
H] ™, yielded a fragment ion at m/z 224 due to the loss of
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_ CHy _
-15Da

m/z 242.0948

m/z 257.1183
3¢-O-Methylbatatasin

cleavage of C-C bond

o g

m/z 121.0295

m/z 241.0870
m/z 136.0530

Scheme 4 MS/MS fragmentation of 3¢-O-methylbatatasin

Scheme 5 MS/MS
fragmentation of lusianthrin

m/z 239.0714
OH
_CHa
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OCH3
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m/z 271.0976
CHjs
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m/z 240.0428
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OCH; = 4 o

m/z 181.0870

“m/z121.0859 ~ M/z 93.0346

Scheme 6 MS/MS fragmentation of 2,3-dimethoxy-9,10-dihy-
drophenanthrene-4,7-diol

CH3;, which further loses C,Hy-yielded fragment ion at m/z
196 (Scheme 5). Peak 9, at m/z 271.0976 [M —H] ", yielded
a fragment ion at m/z 255 due to the loss of CH, which
further loses the CH3 group that led to the fragment ion at
m/z 240. A fragment ion at m/z 93 was obtained due to the
phenoxide moiety (Schemes 6). 2,3-dimethoxy-9,10-dihy-
drophenanthrene-4,7-diol was previously isolated from

-15 Da

6 -CHs; 6
\ -15Da
HO HO

_CHy

-C,H, 0
m/z 93.0346
26 Da

m/z 227 071 4 Y

@)
m/z 108.0217

Q O
: m/z 226.0635

C2H4
-28 Da

ALK

m/z 224.0479 m/z 196.0166

Epidendrum rigidum (Orchidaceae) (Hernandez—Romeo
et al. 2005).

Peak 10 was identified as liparacid C, and a prenylated
benzoic acid class of a compound at m/z 309.1725 [M -
H] ™, eluted at tg 41.412 min yielded fragment ions at m/z
265 and 247 due to the successive losses of CO, followed
by H,O. A fragment ion at m/z 291 was obtained due to the
loss of H,O from m/z 309 (Scheme 7). Liparacid C was
previously isolated from the rhizoma of Liparis nakaharai
(Orchidaceae) (Teoh 2016).

Conclusion

This is the first report of the qualitative identification of
compounds by the HPLC-ESI-QTOF-MS technique from
the antiproliferative fraction of M. acuminata. The analysis
of the ethyl acetate fraction of pseudo bulbs of M. acumi-
nata resulted in a different class of compounds, including
flavonoids, prenylated acid, stilbenoid, and phenanthrene.
Compounds such as gigantol, batatasin III, bulbophythrin A
isomers, 2,3-dimethoxy-9,10-dihydrophenanthrene-4,7-
diol, liparacid C, and isorhamnetin O-glucoside were
identified for the first time from the genus Malaxis, whereas
other compounds were reported to be present in the Orch-
idaceae family. Three steroidal compounds such as f-
sitosterol, stigmasterol, and stigmasterol-3-O-glycoside
were isolated and identified by NMR and MS analyses. All
the compounds were characterized on the basis of their
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COOH
C00
“H,0
"8 Da
0
HO OH HO -

m/z 291.1602 m/z 309.1707

Scheme 7 MS/MS fragmentation of liparacid C

exact mass, molecular formula, and MS/MS fragmentation
pattern and might be responsible for the antiproliferative
activity in the MAETOAC fraction of M. acuminata.
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