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Abstract Malvastrum coromandelianum is widely used in traditional system of medicine for the

cure of different ailments. In the present study, two compounds were isolated from the methanol

extract and were characterized as tiliroside [kaempferol-3-O-b-D-(600-E-p-coumaryl) glucopyra-

noside] and quercetrin (quercetin-3-O-a-L-rhamnopyranoside) based on comprehensive NMR, IR

and mass spectral analysis. NMR also showed the presence of trans- and cis-isomers of tiliroside

in 3.26:1.00 ratio. The change of NMR solvent from CH3OH-d4 to DMSO-d6 and resulting chem-

ical shift values have been analyzed. The in vitro IC50 values against 1, 1-diphenyl-2-picryl-hydrazyl

radical (DPPH) for tiliroside, quercetrin and extract was found to be 60.40 ± 0.24, 68.05 ± 0.36

and 71.98 ± 0.29 (in mg/mL ± s.d.), respectively. The ferric ion (Fe+3) reducing ability of ethyl

acetate extract, tiliroside, quercetrin and standard ascorbic acid were 1.169 ± 0.006, 0.324 ±

0.012, 1.407 ± 0.008 and 1.167 ± 0.010 respectively with R2 > 0.990 at 50 mg/mL concentration.

The results conclude that isolated compounds as well as extract have significant antioxidant activity

and can be further developed as potential antioxidants.
� 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Malvastrum coromandelianum L. (Garcke) synonym M. tricus-
pidatum A. (Gray) (Family: Malvaceae) is an invasive alien
weed, native to North America and has naturalized all over

India (Anonymous, 1962; Kirtikar and Basu, 1935). It is com-
monly known as ‘Kharenti’ or ‘false mallow’. The whole plant
is considered as emollient, resolvent, bechic and its decoction is

given in dysentery. The plant is being used in traditional sys-
tem of medicine as an anti-inflammatory, analgesic and also
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for the cure of jaundice, ulcers (Sirkar, 1989), stomach ache
(Ajibesin et al., 2008) etc. Its flowers are used for curing cough,
chest and lung diseases (Srivastava et al., 1969). The different

parts of the species are source to numerous herbal formula-
tions for treating otitis (Jialin, 2014), tumor (Jiqiang, 2013),
rheumatic arthralgia (Shenqing, 2012), gout (Jiaying, 2012),

laying hen salpingitis (Xin and He, 2014), alongwith herbicidal
composition (Hanting et al., 2013) and medicinal wine
(Changding, 2013).

Pharmacological studies of the species confirmed broad
range of biological activities. To elaborate, the aqueous extract
of leaves showed significant antidiabetic and antihyperlipi-
demic activities (Deore et al., 2011; Sukanya et al., 2006).

The water extract of whole plant inhibited inflammation
induced by carrageenan as well as pain due to formalin stimu-
lation (Khonsung et al., 2006). The crude water extract from

aerial parts exhibited antibacterial activity against
methicillin-resistant strains of Staphylococcus aureus
(Chaiyasit et al., 2008; Jain et al., 2010). The chloroform and

acetone extracts have significant antinociceptive activity
(Reddy et al., 2001). The ethanolic extract from the species
has wound healing (Gangrade et al., 2012) and immunomodu-

lating activity (Balekar et al., 2013; Bhadoriya et al., 2012).
The extract from roots, stem and leaves of plant showed
hypotensive effect (Vermeersch et al., 1972). The leaf powder
has larvicidal activity in dose dependent manner with LC50

value of 0.62 g/L in acetone and it delayed the growth of larvae
of Aedes albopictus, a vector of dengue and chikungunya
(Yadav et al., 2015). The essential oil from leaves showed fun-

gitoxicity against the damping-off fungi with 92.31% inhibi-
tion for Pythium aphanidermatum, 82.22% for Pythium
dedaryanum and 72.22% for Rhizoctonia solani (Wei and

Zhenfeng, 2014). Interestingly, the extract rich in flavonoids
was used for the treatment of prostate diseases, especially in
the treatment of benign prostatic hyperplasia, prostate cancer

and nonbacterial prostatitis (Pandey and Dubey, 1992).
Phytochemical screening revealed the presence of alkaloids,

tannins, proteins, carbohydrates (Dhirendra et al., 2013) and
vitamin-C in roots and leaves (Chauhan and Rawat, 2000).

The phytoconstituents reported from aerial parts of the
plant are b-phenylethylamine, dotriacontane, dotriacontanol,
b-sitosterol, stigmasterol, campesterol, lutein, N-methyl-b-
phenylethylamine, indole alkaloids (Prakash and Verma,
1983), and a steroidal saponin, 3-O-b-D-glucopyranosyl
(1,2)-b-D-glucopyranosyl (1,4)-b-D-galactopyranoside 25R,

5a-spirostane-2a,3b-diol having antithyroidal activity (Panda
and Kar, 2016). Further, a long alkyl side chain lactone, mal-
vastrone has been isolated from the leaves (Alam et al., 1996).
The seed oil from M. coromandelianum is a source of unusual

cyclopropenoid fatty acids having palmitic acid (22.7%),
palmitoleic acid (2.4%), stearic acid (2.7%), oleic acid
(14.6%), linoleic acid (37.0%), malvalic acid (10.5%) and

sterculic acid (10.1%) (Kallappa et al., 2004).
Despite the broad range of biological activities due to a

number of interesting chemical constituents, the detailed chem-

ical examination of the species has not been carried out. It is
significant that chemical examination of the extract rich in fla-
vonoids has not been reported earlier, despite having excellent

anticancer activity (Pandey and Dubey, 1992). The previous
studies have shown the efficacy of antioxidants, especially fla-
vonoids and other polyphenols in preventing free radical dam-
age to body and hence inhibit the activation process of various
carcinogens and detoxification of activated carcinogens,
thereby reducing the risk of cancer. Thus, in present investiga-
tion, two flavonoids (MM-E and MM-F) have been isolated

from the aerial parts of the species and their structures have
been characterized as tiliroside [kaempferol-3-O-b-D-(600-E-p-
coumaroyl) glucopyranoside; MM-E,] and quercetrin

[quercetin-3-O-a-L-rhamnopyranoside, MM-F] based on spec-
troscopic analysis. Thorough NMR analysis of tiliroside
revealed the presence of trans- and cis-isomers in 3.26:1.00

ratio. The chemical shift values of trans-tiliroside by changing
from CH3OH-d4 to DMSO-d6 has also been investigated based
on solute-solvent interactions. The ethyl acetate fraction and
isolated compounds were also examined for in vitro free radical

scavenging activity against diphenylpicrylhydrazyl (DPPH)
and Fe3+ reducing ability. The laboratory analysis of isolated
compounds and extract indicated significant antioxidant activ-

ity which is detailed in the following sections.

2. Exprimental

2.1. Materials

2.1.1. Plant material

The aerial parts of M. coromandelianum were collected from

Forest Research Institute campus, Dehradun, India in June
2014. The plant material was authenticated by Dr. H. B.
Naithani, Systematic Botanist, Botany Division, Forest
Research Institute and a voucher specimen No. 170,580 was

deposited at the herbarium of Systematic Botany Division,
Forest Research Institute, Dehradun, India.

2.1.2. Chemicals and general experimental procedures

All organic solvents used for extraction of plant material were
of laboratory grade (Merck). Solvents used for column chro-
matography, crystallization of compounds and chemicals used

for determination of antioxidant property were of analytical
grade. 1, 1-diphenyl-2-picrylhydrazyl (DPPH) was purchased
from Sisco Research Laboratories Pvt. Ltd., India.

L-Ascorbic acid (standard) was purchased from Sigma
Aldrich, St. Louis, MO, USA. Trichloroacetic acid, potassium
ferrocyanide, ferric chloride, disodium hydrogen phosphate,

sodium chloride and sodium hydroxide were purchased from
Himedia Laboratories Pvt. Ltd., Mumbai, India. The thin
layer chromatography analyses were performed at room tem-

perature using pre-coated plates (Merck, Silica gel 60 F254,
0.2 mm thickness). Detection of spots was done by viewing
under UV light (254 and 366 nm) and spraying with 5%
H2SO4 followed by heating in an oven at 100 �C for 5 min.

Column chromatography was carried out using silica gel
(100–200 mesh, Merck). IR spectra were recorded on a FT-
IR Spectrophotometer Model RZX (Perkin Elmer). UV spec-

tra were recorded on a Thermo Scientific Spectrascan UV 2700
spectrophotometer. NMR spectra were recorded using Bruker
AV-II 400 MHz FT NMR with 5 mm multi-nuclear broad

band inverse probe using TMS as an internal standard.
Deuterated methanol (CH3OH-d4) was used as solvent for
NMR recording. For identification and quantification of cis
and trans-isomers, 1H NMR was recorded independently and

raw data was processed using iNMR software. The spectra
were also recorded in DMSO-d6 to study the effect of solvent
on chemical shift values. ESI- MS spectrum was recorded in
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Thermo Fischer Scientific LCQ Advantage ion trap mass spec-
trometer in positive ion mode.

2.2. Extraction and isolation

Dried and powdered aerial parts (400 gm) of M. coroman-
delianum were extracted with solvents of elutropic series viz.

petroleum ether (3 L), chloroform (3L) and methanol (3L)
using soxhlet apparatus at the boiling temperature. The sol-
vents were removed under vacuum using rotary evaporator.

The above extraction process was repeated six times to obtain
higher yield of extractives for isolation of compounds. The pet-
roleum ether, chloroform and methanol extracts were obtained

in 1.70% ± 0.21, 2.34% ± 0.41 and 10.35%± 0.43 yields,
respectively. The methanol extract (40 gm) was suspended in
water (500 mL) and successively partitioned with chloroform
(3 � 250 mL) and ethyl acetate (EtOAc; 3 � 250 mL) to yield

chloroform and ethyl acetate fractions in 37.59% ± 1.01 and
0.25%± 0.02 yields respectively. The fractionation was
repeated multiple times to collect ethyl acetate fraction (5.19

gm) and subjected to column chromatography (column
132.00 cm � 2.54 cm) using silica gel (100–200 mesh, 101
gm). The retention volume was found to be 225 mL. The col-

umn was first eluted with pure chloroform (2 L), followed by
Table 1 MM-E: trans-Tiliroside, MM-F: Quercetrin, 1H (400 MHz)

assignments based on HSQC and HMBC NMR experiments; b = o

? MM-E

Position ; d H, J (Hz) dC
a HMBC correlat

2 – 157.92 –

3 – 133.83 –

4 – 177.97 –

5 – 161.50 –

6 6.13, d (2) 98.58 C-10, C-8

7 – 164.48 –

8 6.30, d (2) 93.46 C-6, C-10, C-7,

9 – 156.95 –

10 – 104.19 –

10 – 121.30 –

20 8.00, d (8.8) 130.81 C-40, C-2, C-60

30 6.83, d (8.8) 114.63 C-10, C-40, C-20

40 – 160.08 –

50 6.83, d (8.8) 114.63 C-10

60 8.00, d (8.8) 130.81 C-40, C-2
100 5.25, d (7.6) 102.63 C-3

200 3.54b, m 74.38 C-400, C-300

300 3.54b, m 76.61 C-500, C-100

400 3.37b, m 70.32 C-200

500 3.51b, m 70.32 –

600a 4.34, dd (1.92, 11.88) 62.96 C-9000

600b 4.23, dd (6.56, 11.88) 62.96 C-900’
100 0 – 125.68 –

200 0 7.31, d (8.4) 129.76 C-4000, C-200 0

300 0 6.70, d (8.4) 115.37 C-1000

400 0 – 159.95 –

500 0 6.70, d (8.4) 115.37 C-1000

600 0 7.31, d (8.4) 129.76 C- 400 0, C-200 0, C
700 0 7.43, d, (16) 145.14 C-9000, C-200 0, C-
800 0 6.10, d (16) 113.35 C-9000, C-100 0

900 0 – 167.42 –
increasing gradient of methanol in chloroform was increased
in the ratio of 1:99, 3:97, 5:95, 7:93, 9:91, 10:90, 15:85, 20:80
and 30:70 respectively up to 30%. A total of 133 fractions of

250 mL each were collected. The fractions were examined
using TLC and similar fractions were pooled together to get
9 major fractions from A to I. The fractions E (72 mg) and

F (161 mg) were further purified by re-crystallization using
pure methanol to obtain pure compounds MM-E (55 mg)
and MM-F (147 mg) respectively.

2.2.1. Tiliroside (MM-E)

Bright yellow powder, Rf = 0.67 in MeOH: CHCl3 (21:79);
IR: 3456, 1681, 1605, 1498, 1421, 1350, 1295, 1180 cm�1;

UV/Vis k-max (MeOH) nm: 211, 266, 308; ESI-MS (m/z)+:

595.1 Da [M+H]+, 617.1 Da [M+Na]+, 286.8 Da [M+H�
glucose � (p-coumaryl group)]+, 309.0 Da [M+H� glucose�
(p-coumaryl group) + Na]+; 1H and 13C NMR data are
shown in Table 1.

IR, UV-Vis and Mass spectra are given in complementary
data.

2.2.2. Quercetin-3-O-a-L-rhamnopyranoside (MM-F)

Pale yellow solid, Rf = 0.45 in MeOH: CHCl3 (25: 75);

IR: 3233, 1653, 1596, 1568, 1496, 1355, 1303, 1192, 1165,
and 13C (100 MHz) NMR, measured in CH3OH-d4, a = Carbon

verlapped signals.

MM-F

ions d H, J (Hz) dC
a HMBC correlations

– 157.11 –

– 134.84 –

– 178.24 –

– 161.78 –

6.21, d (2.08) 98.42 C-8, C-10, C-5

– 164.44 –

C-2 6.38, d (2.08) 93.33 C-10, C-6, C-7, C-9

– 157.90 –

– 104.51 –

– 121.59 –

7.35, dd (2.08) 121.50 C-2, C-60, C-40

– 144.99 –

– 148.37 –

6.93, d (8.32) 114.98 C-10, C-30, C-40

7.30, d (2.08, 8.32) 115.57 C-40, C-30, C-20,C-2
5.37, d (1.42) 102.14 C-3, C-300

4.25, quartet (1.72) 70.51 C-400

3.78 (3.40) 70.62 C-500

3.38 71.88 C-600

3.46 70.74 C-300

0.97, d (6.04) 16.25 C-400, C-500

– – –

– – –

– – –

– – –

– – –

-700 0 – – –

800 0 – – –

– – –

– – –
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1105 cm�1; UV/Vis kmax (MeOH) nm: 209, 256, 326; ESI- MS
(m/z)+: 449 Da [M+H]+, 471 Da [M+Na]+, 302 Da [M+H-
rhamnose]+; 1H and 13C NMR data is given in Table 1.

IR, UV-Vis and Mass spectra are given in the complemen-
tary data.

2.3. Anti-oxidant assays

2.3.1. DPPH (1,1-Diphenyl-2-picryl-hydrazyl radical)

scavenging assay

DPPH radical scavenging activity was carried out with stan-
dard protocol (Rana et al., 2014; Kumara and Karunakaran,

2007). Briefly, 1 mL sample solutions of increasing concentra-
tion from 10 to 150 mg/mL (standard, pure compounds and
ethyl acetate extract) was mixed with 1 mL methanol, vortexed
and finally added to 1 mL of DPPH solution (0.1 mM in

methanol). The reaction mixture was vortexed and incubated
at room temperature in dark conditions for 30 min. Control
consisted of 1 mL methanol with 1 mL DPPH solution. The

absorbance of the resulting solution was measured at 517
nm. Free radical scavenging activity was calculated using the
formula:

Scavenging activity (%) = (1 � AS517/AC517) � 100, where
AS517 is the absorbance of the samples at different concentra-
tion and AC517 is the absorbance of control. IC50 is the
minimum concentration (in mg/mL) at which 50% of DPPH

(1,1-Diphenyl-2-picryl-hydrazyl) get scavenged.

2.3.2. Reducing power assay

Reducing power was determined using standard protocol
(Rana et al., 2014). Briefly, 1 mL phosphate buffer (0.2 M with
pH: 6.6) was added to 0.5 mL potassium ferricyanide (1%,
w/v) and 1 mL of the sample (standard, pure compounds

and ethyl acetate extract) of different concentrations (10–50
mg/mL in ethanol), was incubated at 50 �C in water bath for
20 min. The reaction mixture was cooled, followed by addition

of 1 mL trichloroacetic acid (10%, w/v) and 0.2 mL freshly
prepared ferric chloride solution (0.1%, w/v). The resulting
reaction mixture was vortexed again and absorbance was mea-

sured at 700 nm. The reducing power was calculated using the
formula:

Reducing power = [As700 – Ac700], where As700 is the
absorbance of the sample and Ac700 is the absorbance of con-

trol in which FeCl3 solution has been replaced by water.

2.3.3. Statistical analysis

All the analyses were done in triplicate. The results were pre-
sented as the means ± standard deviation (s.d.). IC50 for
DPPH scavenging activity was calculated by probit analysis
using the IBM SPSS Statistic 20 package (IBM Corporation,

United States) with significance level of p <0.105.
3. Results and discussion

3.1. Structural characterization of MM-E

MM-E (Fig. 1A) was obtained as a bright yellow solid. IR
spectrum showed the hydroxyl absorption at 3456 cm�1 and
a conjugated carbonyl absorption at 1681 cm�1 along with

aromatic C‚C absorption at 1605 cm�1. The positive ESI-
MS mode showed molecular ion peak at [M+H]+ m/z:
595.1 Da with its sodium ion adduct at [M+Na]+ 617.1 Da
respectively. Further, loss of sugar moiety and p-coumaryl

group produced peak at [M+H-309]+ m/z: 286.8 Da and its
sodium ion adduct at m/z: 309.0 Da. 1H and 13C NMR spec-
troscopic data (Table 1) based on HSQC spectra indicated that

compound MM-E was a flavonol glycoside. The presence of
the aromatic doublets at 6.13 ppm (d, 1H), and 6.30 ppm (d,
1H) having J= 2 Hz revealed meta coupling of 5,7-

substituted ring-A protons and were assigned to protons H-
6, H-8 respectively. The aromatic coupling system of protons
at 8.00 ppm (d, J= 8.8 Hz, 2H) and 6.83 ppm (d, J= 8.8
Hz, 2H) were assigned to H-20,60 and H-30,50 of ring-B from
1H NMR spectrum. On the basis of spectral results, flavonol
was assigned to be kaempferol moiety. The signals at 7.43
ppm (d, J= 16 Hz) and 6.10 ppm (d, J= 16 Hz) were

assigned to two olefinic methine protons H-70 00, H-80 00 with
trans coupling. The p-coumaryl group was characterized by
the presence of A, A0, B, B0-type aromatic proton signals at

6.70 ppm (d, J = 8.4 Hz) for H-20 00, 60 00 and 7.31 ppm (d, J
= 8.4 Hz) for H-30 0, 5000. Multiple peaks between 3.54-3.37
ppm indicated glycosidic nature of the compound. The sugar

moiety was identified as glucose based on doublet at 5.25
ppm integrating for anomeric proton with anomeric carbon
signal at 102.63 ppm obtained from HSQC correlation. The
other glycosidic carbon signals were found between 70 and

76 ppm in 13C NMR spectrum, while C-60 0 was observed at
62.96 ppm. The proton H-600a and H-600b was found at 4.34
ppm (dd, J = 1.92, 11.88 Hz) and 4.23 ppm (dd, J = 6.56,

11.88 Hz). The diaxial coupling (J = 7.44 Hz) between pro-
tons H-100 and H-200 of glucose suggested a b-configuration
(Praveen and Khan, 1987; Agrawal, 1992) for the sugar resi-

due. The 2D HMBC NMR spectrum confirmed the complete
linkage of MM-E. The linkage of anomeric carbon C-100of glu-
cose with C-3 of kaempferol was deduced by cross peak corre-

lation between H-100 (5.25 ppm) and C-3 (133.83 ppm). The
desheilding of C-600a, 600b signal of the glucose moiety com-
pared with b-D-glucopyranoside (Agrawal, 1992) indicated
that p-coumaroyl group might be attached to the C-600 carbon
of the glucose supporting an ester linkage. Further, the cross
peak correlation of ester carbon C-900 0 (167.42 ppm) with both
olefinic protons at H-700 0 (7.43 ppm) and H-800 0 (6.10 ppm) sug-

gested the attachment of trans-double bond adjacent to ester
group. The connection of 1, 4-disubstituted aromatic ring with
trans-olefinic group was proposed by correlation of proton H-

800 0 (6.10 ppm) with carbon C-100 0 (125.68 ppm). The substitu-
tion of coumaryl ring with hydroxyl group at C-400 0 was sup-
ported by correlation of protons H-200 0, H-600 0 (7.31 ppm)
with carbon C-400 0 (159.95 ppm). With these HMBC correla-

tions, the acyl unit was assigned to be trans-p-coumaric acid
and point of attachment through glucose is C-600 (methylene
carbon of glucose) with ester carbon at C-900 0. The point of

attachment of glucose with main flavonol moiety was found
to be C-3 of ring-C on the basis of cross correlation of C-3
(133.83 ppm) with anomeric proton of glucose at H-100 (5.25
ppm). The aromatic ring-B attached to ring-C at C-2 was
inferred from correlation of C-2 (157.92 ppm) with H-20, H-
60 (8.00 ppm). The other HMBC correlations of aromatic

ring-B were found as H-30/C-10, H-30/C-40, H-30/C-20, H-20/C-
40, H-20/C-2, H-20/C-60 and H-60/C-40, H-60/C-2. For aromatic
ring-A, HMBC correlations were found to be H-6/C-10, H-6/
C-8, H-8/C-6, H-8/C-10, H- 8/C-7 and H-8/C-2. Based on



Fig. 1 Structure of (A) tiliroside; (B) quercetrin.
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complete 1H, 13C, 2D HSQC, HMBC spectral analysis and
Mass fragmentation study, compound MM-E was proposed
to be tiliroside which was further confirmed with published

data (Hua and Wang, 2004; Mekhelfi et al., 2014; Giang
et al., 2004; Timmers and Urban, 2011; Matlawska et al.,
1999). The detailed HSQC, HMBC spectra have been provided
in complementary data as Figs. C3 and C6 respectively.

3.1.1. Ratio of cis and trans isomeric forms of tiliroside
(MM-E) and effect of solvent on chemical shift

While studying 1H NMR of compound MM-E (solvent-

CH3OH-d4), some signals other than trans-tiliroside were also
observed. In the quest for identification of these peaks, 1H
NMR spectrum of MM-E was analyzed extensively. By

processing the spectrum with iNMR software and close
evaluation, MM-E was found to consist of both cis- and
trans-isomeric form in mixture with predominance of trans iso-

mer. Differentiation of cis and trans isomeric forms arises due
to olefinic group at position H-700 0, 800 0. The olefinic proton H-
700 0 was recognised with chemical shift at 7.32 ppm (J = 16 Hz)
for trans isomer and 6.61 ppm (J = 12.8 Hz) for cis isomer.

The olefinic proton H-800 0 was observed at 5.99 ppm (J = 16
Hz) for trans isomer and 5.43 ppm (J = 12.8 Hz) for cis iso-
mer. The protons of trans-tiliroside is deshielded as compared
to cis-form due to the fact that it is a type of a, b-unsaturated
carbonyl system with planar geometry. The presence of polar
carbonyl group adjacent to double bond and coplanarity rein-
force the creation of partial polarization of carbonyl group

which is further resonance stabilized by delocalization of
+ve charge over the structures II a and III a (Fig. 2). The
structure III a may further enter into aromatic delocalization

due to planar geometry. Thus, resonance stabilization along
with diamagnetic anisotropy of carbonyl group deshielded
the protons (700 0, 800 0) of trans-tiliroside making signals down-
field. Also in structure III a, b-position is carrying + ve charge

causing larger deshielding of b-proton H-700 0 as compared to
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Fig. 2 Resonance stabilisation in trans-isomer.
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Fig. 3 Resonance stabilisation in cis-isomer.

Table 2 Integration values of olefinic protons (H-700 0, 800 0) for
cis and trans isomers.

Isomers H-700 0 H-800 0 Total

Cis 0.373 0.204 0.577

Trans 1.0 0.882 1.882

Total – – 2.459

Comprehensive structural analysis 1725
H-800 0. Additionally, 3JHH coupling value for trans-form
(16 Hz) is larger because the HACACAH dihedral angle is

180� resulting in maximum backside overlap of p-orbitals
according to Karplus and Conroy theory (Gunther, 1995).

In contrast to trans- tiliroside, cis- form possessed non-

planar geometry with distorted p- system. The charge created
by partial polarization of carbonyl group in structure-II b
(Fig. 3) is not further resonance stabilized because delocaliza-

tion is not possible in non-planar structure which in turn
reduces the deshielding caused by resonance stabilization as
well as magnetic anisotropy of carbonyl group. Thus, protons

(700 0, 800 0) of cis- tiliroside are upfield. Also, 3JHH coupling value
for cis-form (12.8 Hz) is smaller as compared to trans- form as
HACACAH dihedral angle is 60� in cis- form resulting in poor

overlap of p-orbitals (Gunther, 1995). As cis and trans-
tiliroside differed at olefinic position H-700 0 and H-800 0, so the
ratio of two isomers were calculated using integration of pro-
ton from same position (700 0, 800 0) shown in Table 2. The calcu-

lation was done using formula:

%age of trans form ¼ ðITRANS=ITRANS þ ICISÞ � 100

%age of cis form ¼ ðICIS=ITRANS þ ICISÞ � 100;



Table 3 Chemical shifts values (ppm, J Hz) of cis- and trans-isomer protons in CH3OH-d4 and DMSO-d6
1H NMR spectra of

Tiliroside.

Solvent

Proton position CH3OH-d4 DMSO-d6

Cis-isomer Trans-isomer Cis-isomer Trans-isomer

d H, J (Hz)

6 6.10 (2) 6.04 (2) 6.21 (2) 6.16 (2)

8 6.11 (2) 6.22 (2) 6.36 (2) 6.39 (2)

20 7.87 (8.8) 7.90 (8.8) 7.97 (8.8) 8.00 (8.8)

30 6.85 (8.8) 6.73 (8.8) 6.93 (8.8) 6.87 (8.8)

50 6.85 (8.8) 6.73 (8.8) 6.93 (8.8) 6.87 (8.8)

60 7.87 (8.8) 7.90 (8.8) 7.97 (8.8) 8.00 (8.8)

100 5.10 (7.6) 5.15 (7.6) 5.42 (8.8) 5.46

600a 3.71 4.22 (2.4) 4.18 (2.4) 4.30 (2)

600b 3.69 4.11 (6.8) 4.10 4.06 (6.4)

200 0 7.41 (8.4) 7.22 (8.4) 7.56 (8.8) 7.38 (8.8)

300 0 6.59 (8.4) 6.69 (8.4) 6.85 6.80 (8.8)

500 0 6.59 (8.4) 6.69 (8.4) 6.85 6.80 (8.8)

600 0 7.41 (8.4) 7.22 (8.4) 7.56 (8.8) 7.38 (8.8)

700 0 6.61 (12.8) 7.32 (16) 6.69 (12.8) 7.37 (15.6)

800 0 5.43 (12.8) 5.99 (16) 6.66 (12.8) 6.13 (15.6)
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where ITRANS = integration of (H-700 0 + H-800 0) of trans iso-
mer, ICIS = integration of (H-700 0 +H-800 0) of cis isomer

The trans- and cis-tiliroside isolated from M. coroman-
delianum was calculated and found to be in the ratio of 3.26:

1 (trans: cis).
It is worth mentioning that cis- and trans-isomers in olefinic

system are not interconvertible at room temperature because

of restricted rotation around double bond. Trans-isomer is
more stable than cis-isomer thermodynamically due to symme-
try and steric effects. The interconversion could be achieved

via breaking of p-bond and promoting electron from
p-orbital (bonding) to p*-orbital (antibonding) (Clayden
et al., 2012). Thus, possibility of interconversion of cis- and

trans- tiliroside during extraction from plant, isolation,
purification and recrystallization process could be omitted.
The excess of trans-isomer in tiliroside could be attributed to
its greater stability as compared to cis-form.

The change of NMR solvent shows a significant effect on
the chemical shift values of protons for flavonoids (Pauli,
2000). The 1H NMR of MM-E (Tiliroside) was also recorded

in DMSO-d6. The whole spectrum moved downfield with
deshielding effect. Anomeric protons of 3-O-glc moiety are
the most influenced by change of solvent polarity with promi-

nent shift of signal from 5.10 ppm (cis), 5.15 (trans) for
(CH3OH-d4) to 5.42 ppm (cis) and 5.46 ppm (trans) for
DMSO-d6. Increase in solvents dielectric constant tends to
move the proton resonance towards downfield. Further, sur-

rounding solvent environment partially polarize the electric
dipole moment of polar solute, thereby, producing electric
reaction field having linear relation with downfield shift of

proton resonance (Becconsall and Hampson, 1965; Matsuo,
1967). The dielectric constant of DMSO is higher than
methanol, thereby, making it more polar which in turn

increases the extent of solute solvent interaction as well as
the intermolecular hydrogen bonding. However, the signal
dispersion is not appropriate in DMSO, making it less suit-

able solvent for NMR study of flavonoids (Pauli, 2000). Also
in the present case, proton NMR signals are not properly dis-
persed and overlapping make the interpretation of spectra

complicated. The chemical shift values for rest of protons
from spectra in MeOH-d4 and DMSO-d6 are summarized in
Table 3. The individual spectrum for MeOH-d4 and

DMSO-d6 has been given in Figs. C11 and C14 respectively
in complementary data.

3.2. Structural characterization of compound MM-F

MM-F (Fig. 1B) was obtained as a pale yellow solid. IR spec-
trum showed the absorption bands at 3233 cm�1 and 1653
cm�1 representing hydroxyl and conjugated carbonyl groups

alongwith aromatic stretching at 1596 cm�1. The positive
ESI-MS analysis showed molecular ion peak [M+H]+ at
m/z: 449.0 Da with sodium ion adduct of molecular ion

[M+Na]+ at m/z: 471.0 Da respectively. The loss of rhamnose
group produced peak [M+H-146]+ at m/z: 302.9 Da. 1H and
13C NMR spectroscopic data of MM-F (Table 1) based on

HSQC spectra revealed signals for quercetin and a sugar
moiety. In 1H NMR spectrum, coupling system with character-
istic of a 30, 40-substituted ring-B between protons at 7.35 ppm

(dd, J = 2.08 Hz, 1H), 6.93 ppm (d, J = 8.32 Hz, 1H) and
7.30 ppm (d, J= 2.08 Hz, 8.32 Hz, 1H) accounting to
H-20,50,60. The aromatic meta-coupled protons of a 5,7-
substituted ring-A at 6.21 ppm (d, J = 2.08 Hz, 1H), and

6.38 ppm (d, J = 2.08 Hz, 1H) were assigned to H-6 and H-
8 respectively confirming the identity of main flavonoid moiety
as quercetin. The glycosidic nature was indicated by multiple

peaks at 3.46–3.78 ppm in the 1H NMR spectrum. The sugar
moiety was identified to be rhamnose from a doublet due to
methyl group at 0.97 ppm with methyl carbon signal at

16.25 ppm. The other glycosidic carbon signals were found
between 70 and 72 ppm in 13C NMR spectrum. The 2D
HMBC NMR spectra was analyzed to carry out complete
structural assignment of MM-F. The rhamnose unit was found

to be monosubstituted and cross peak correlation of anomeric



Fig. 4 DPPH Scavenging ability.
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proton H-100 at 5.37 ppm of rhamnose with carbon C-3 at

134.84 ppm of aromatic ring-C indicated point of attachment
of sugar residue with ring-C at C-3. The aromatic ring-B was
attached to ring-C at C-2 which was inferred from HMBC
NMR correlation of C-2 (157.11 ppm) with H-20 (7.35 ppm)

and H-60 (7.30 ppm). The other HMBC correlation of ring-B
protons were found as H-20/C-40, H-20/C-60, H-50/C-10, H-50/
C-30, H-60/C-40, H-60/C-30, H-60/C-20 respectively. For ring-A,

HMBC correlations were observed at H-8/C-10, H-8/C-6,
H-8/C-7, H-8/C-9 and H-6/C-8, H-6/C-10, H-6/C-5 which
indicated the 5, 7-substitution of ring-A. HMBC correlation

for sugar residues were found at H-200/C-400, H-300/C-500,
H-400/C-60, H-600/C-400, H-600/C-500, H-500/C-300. Based on
complete 1H, 13C, HSQC, HMBC spectral analysis and mass

fragmentation study, compound MM-F was proposed to be
quercetin-3-O-a-L-rhamnopyranoside which was further con-
firmed with published data (Bilia et al., 1996; Ishiguro et al.,
1991; Markham and Temai, 1976; Aderogba et al., 2013).

The HSQC and HMBC spectra have been provided in comple-
mentary data as Figs. C7 and C8 respectively.

3.3. Scavenging effect on DPPH radicals

DPPH is a stable purple coloured free radical showing max-
imum absorption at 517 nm and widely used to evaluate the

antioxidant capacity of plant extracts as well as pure com-
pounds. When an electron or hydrogen atom donating
antioxidant is added to DPPH system, the stable

diphenylpicrylhydrazine (DPPH-H, yellow colored) is formed
(Rana et al., 2014). The number of DPPH radicals get
reduced which is proportional to the number of available
hydroxyl groups of antioxidants. DPPH scavenging activity

of isolated compounds and ethyl acetate fraction revealed
their strong antioxidant ability. IC50 values for DPPH free
radical scavenging activity of MM-E, MM-F and ethyl acet-
ate fraction and a comparison graph of free radical scaveng-

ing ability is shown in Fig. 4. The free radical scavenging
activity of pure compounds as well as crude ethyl acetate
extract increased significantly (p < .150) with increase in
concentration of dose level from 10 mg/mL to 150 mg/mL.

IC50 values of ethyl acetate extract, MM-E, MM-F and stan-
dard ascorbic acid were calculated as 71.98 ± 0.29, 60.40 ±
0.24, 68.05 ± 0.36, 64.27 ± 0.28 (in mg/mL ± s.d.). Free

radical scavenging effect of isolated compounds and ethyl
acetate extract were comparable to standard ascorbic acid.

3.4. Ferric (Fe3+) ion reducing power

The antioxidant power of a compound can also be calculated
by reducing power assay, in which the presence of reductant

in the test samples would reduce Fe3+ (Ferricyanide complex)
to the Fe2+, with change in colour of the reaction mixture
from yellow to variable shades from blue to green depending
upon the reducing power of the compound. The reducing

capacity of a compound is a significant indicator of its antiox-
idant ability (Rana et al., 2014; Yang et al., 2011). A reductant
may also stop peroxide formation by carrying out reaction

with certain precursors of peroxides. Higher value of absor-
bance at 700 nm indicates higher reducing power or stronger
antioxidant activity. The reducing power of MM-E, MM-F

and ethyl acetate fraction is shown in Fig. 5, alongwith stan-
dard ascorbic acid. The reducing power ability of crude extract
was highest and least for MM-E among the compounds tested.

At conc. of 50 mg/mL; the reducing power ability of ethyl acet-
ate fraction, MM-E, MM-F and standard ascorbic acid were
1.169 ± 0.006 (R2 = 0.999), 0.324 ± 0.012 (R2 = 0.955),
1.407 ± 0.008 (R2 = 0.994), 1.167 ± 0.010 (R2 = 0.995)

respectively. The order of reducing power ability was found
in the order: ethyl acetate fraction>MM-F > standard >
MM-E. The reducing power ability of extract and compounds



Fig. 5 RP = Reducing ability at concentration of 50 mg/mL.
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was dose dependent and activity increases with the increase in

concentration of test samples.
Free radicals cause oxidative cell damage to the tissues and

leads to diseases like aging, diabetes, immunosuppression, neu-

rodegeneration and cancer etc. The oxidative stress due to
exogenous and endogenous sources is positively correlated to
chronic and degenerative ailments. Free radicals act as strong
carcinogens and damage DNA via altering the genes such as

oncogenes, tumor suppressor, apoptosis-regulating, and
DNA-repair genes that control cancer. The antioxidants espe-
cially polyphenols interrupt the intracellular signaling network

of initiation and progression of cancer cells by modifying gene
expression system, thereby modulating the apoptosis of cancer
cells. Due to these bioactivities, polyphenols are useful in pre-

vention as well as reduction of free radical damage which
may lessen the risk of these diseases (Fresco et al., 2010; Link
et al., 2010; Thomasset et al., 2006). Plant extracts and com-

pounds from plant sources possess potential antioxidant ability
thereby reducing free radical damage and hence preventing the
diseases caused by these damages. In the present study, extract
and isolated compounds were analyzed for antiradical activity

(established by DPPH assay) and ferric reducing (Fe3+) ability.
The results indicate significant antioxidant activity and these
compounds can be further developed as potential antioxidants.

4. Conclusion

The present study resulted in isolation of two pure flavonol

glycosides from ethyl acetate fraction from the aerial parts of
M. coromandelianum. Based on extensive spectroscopic analy-
sis, the compounds were identified as tiliroside [kaempferol-3-

O-b-D-(600-E-p-coumaryl)glucopyranoside; MM-E] and querce-
trin [quercetin-3-O-a-L-rhamnopyranoside; MM-F]. NMR
analysis showed that cis- and trans- tiliroside are in 1:3.26

ratio. These flavonoids have been reported for the first time
from the species. The isolated compounds and ethyl acetate
extract showed potent free radical scavenging activity and

ferric ion reducing ability which is comparable to standard
ascorbic acid. The anticancer activity of M. coromandelianum
extract may also be due to strong antioxidant property. It sig-

nifies the importance of ethyl acetate extract as a rich source of
powerful natural antioxidants which may also be helpful in
preventing life threatening diseases like cancer and providing
a rationale for the ethnomedicinal use of the plant species.

The study may aid in utilization of the weed, abundantly avail-
able in waste and agricultural lands in India as a potential
source of bioactive compounds.
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