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ABSTRACT ' " a
Four flavonoids ; kaempferol-3-O-galact

oside (trifolin) [1], quercetin-3-0-galactoside (hyperosidc) [2], quercetin-

3-0-glucoside (isoquercitrin) [3] and kacmpferol-3-O-rutinoside [4] together with chlorogenic acid 5] and chlorogenic -
acid methyl ester [6] have been isolated and purified for the first time from the leaves of Tylophora indica by HPLC,

~ The structures were elucidated by the application of MS, IR, UV, 1D- and 2D-NMR spectroscopic analyses and by
comparison with literature dara. All compounds [1-6] were found to exhibit antioxidant effects, based on the

scavenging activity of the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical.

| INTRODUCTION

Tylophora indica, (Burm.f.) Merr. previously
known as 7. asthmatica, Wight et Arn. (Family
Asclepiadaceae) is a perennial climbing plant
native to the plains, forests and hills of southern
and eastern India and other tropical regions .
The leaves and roots are used in folk medicine as
antiasthmatic @, anti-inflammatory and anti-
arthritic - ®), anti-snakebite ), anti viral ©,
‘antitumor ©  antibacterial , free radical
scavenging ™, insecticide ), hepatoprotective *?
and to suppress cellular immune responses ",

-~ Previous  phytochemical studies  with
Tylophora indica have led to the isolation of
several indolizidine alkaloids "*'¥), fatty acids,
sterols and triterpenes ¥ and flavonoids ', The
present paper describes an efficient method for
the preparative isolation and purification of four
flavonoids and two quinic acid derivatives from
Tylophora indica by high-performance liquid

" chromatography (HPLC) followed by the
identification of these components using
electrospray ionization mass spectrometry (ESI-
MS), ultraviolet (UV), infrared (IR) and nuclear
‘magnetic resonance (NMR). These phenolics
were evaluated for their antioxidant activities
using 1,1-diphenyl-2-picrylhydrazyl free radical
(DPPH) assay system.

S EXPERIMENTAL
General Experimental Procedures _
\ IR spectra were carried out on a Nicolet 205
. FT .JR spectrometer connected to  a Hewlett-
- Packard Color Pro. Plotter. The 'H- and "’C-
NMR  measurements were obtained . with a .
Bruker ARX-500 NMR_spectrometer operating
+ 8t 500 MHz (for "H) and 125 MHz (for °C) in
DMSO-ds or ‘CD;00 solution, and chemical -
. shifts were expressed in & (ppm) ‘with reference
t0“TMS, and coupling constant (/) in Hertz. '’C
multiplicities were determined by the: DEPT
pulse sequence (135°). 'COSY, HMBC, and
AMQC NMR  experiments. were carried out
“%tf}ﬂ ﬁ_Bﬂ_lkt’f!‘"/_\RX-SOO NMR spectrometers.

.~ concentrated ‘methanolic -extract -

All 1D and 2D spectra were obtained using the
standard Bruker software. LCESI mass spectra
were obtained on a Thermo finnigan LCQ
DECA mass spectrometer coupled to an Agilent
1100 HPLC system equipped with a photediods
array detector. Analytical HPLC was performed
on a Eurospher-100 C,g (5 um) column (125 x 2
mm, i.d., Knauer, Berlin, Germany) attached
with a photodiode-array detector UVD 3405
(Dionex, Munich, Germany) and Dionex PS80A
LPG pump with flow rate | mL/min with
Chromeleon (V. 6.3) HPLC Program. Routine |
detection was at 254 nm in aqueous MeOH. =
Semipreparative HPLC was performed on
Merck-Hitachi Eurospher-100- 10. C;s column
(300 x 4 mm, i.d., Knauer, Berlin, Germany), L-
7100 pump, and L-7400 UV detector with flow
rate 5 mL/min. Preparative HPLC was performed
on Varian Dynamax (250 x 4.6 mm, ID and 250
x 214 mm, ID) column, pre-packed * with
Microsorb 60-8 C,s connected to Varian,
PrepStar 218 pump and Varian, ProStar 320 UV-
Vis detector with flow rate 20 mL/min, Varian
Star (V. 6) HPLC Program. Detection was
achieved with a diode array detector, —and
chromatograms were recorded at 235, 254, 280
and 340 nm. Column chromatography was
carried out using Sephadex LH 20, 0.25-0.1 mm
mesh size (Merck). VLC was carried out using
Silica Gel 60, .0.04-0.063 mm mesh size

(Merck).

Plant material 7 o
Tylophora- indica leaves were collected in =

July, 2007 from New Delhi, India and identified

‘in Plant Biotechnology Institute, New Delhi,

India under supervision of Dr. Nutan Kaushik.

"Eitraction'and isolation

Air-dried powdered leaves of T. indica (850 -

~ p) were subjected to exhaustive extraction -with

methanol (4 x 5L), (pH 11 with NH;OH). The

. combined methanolic extract was concentrated . |-

under vacuum at 40°C to dryness (88.5 g). The. .-
was  then .. -

et
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suspended in dlst:lled water (500 ml), (pH 2 with
0.5 N H;804) and filtered through filter paper.
- The water-soluble portion (67 g) was subjected
~ . to extraction with ethyl acetate (4 x IL) to
- temove non-alkaloidal compounds (37  g),
" [EtOAc phase I]. The pH of aqueous extract was
. elevated to 11 with NH,;OH then partitioned

_ several times with EtOAc (4 x 1L) to extract the
total alkaloidal bases (10 8) [EtOAc phase 1I).
~The EtOAc phase I fraction was subjected to
vacuum liquid chromatography (VLC) usmg
silica gel 60, 0.04 — 0.063 mm mesh size
- (Merck). Gradient fractionation with 10%, 20%,
30% up to 70% dichloromethane in n-hexane
then with dichloromethane 100% yielded eight
fractions (EtOAcl,1-EtOAcl,8). The
fractionation was continued with 5% and 10%

methanol in dichloromethane to give two.

fractions (EtOAcl,9 and EtOAcl,10). Fraction
EtOAcl,9 (320 mg) derived from VLC was
further subjected to Sephadex LH 20 eluted with
methanol to give  seven  fractions
(EtOAc1,9,sephl- EtOAcl,9,seph7). Fraction
EtOAcl, 9, seph6 furnished compound 1 (13
mg) as a pale yellow precipitate upon standing.
This precipitate was dissolved in methanol
(HPLC-grade) and filtered through 045 p
~( illipore nylon membrane, Merck) filter and
~ injected (20 pL) into the reverse phase analytical
HPLC using a linear gradient, 2-90% methanol
in nanopure water with a run time of over 35
min, flow rate 1.0 ml/min, detection at 278 nm
for purity determination of compound 1 (z=
22.29), Fraction EtOAcl9,seph7 was injected
(20 L) into the reverse phase preparative HPLC
‘with the solvent system water and methanol
without acid, starting with 5% methanol and
lnstallmg a gradient to obtain 40% methanol at
10 min, 50% methanol at 15 min, 70% methanol

a0 min, 100% methanol at 22 min, returning

after that in 25 minutes to the initial condition, to

. give compounds 3 (8 mg, tg= 22.45) and 2 (17
g, tg=21.36), respectively. Fraction EtOAcl,

1011 -g) derived from VLC was subjected to
' Sephadex LH 20 eluted with methanol to give
~eleven . fractions  (EtOAcl,10, . sephl-

- -BtOAel,10, ;sephl). Fractions EtOAc,10,sephG,.

8and 11 wete injected (40' uL) into the reverse

- phase sémi-preparative ‘HPLC with the solvcm_
.. System water and ‘methanol without acid, using
~ . the same  solvent program described above to

 Live compounds 5 (25'mg, tp=14.87), 6 (8.5

Cmg, tg='17, 52) and - 4 (28 mg, ‘tp= 22 59),

" resPGCleely

COT“PDUrid (l) Yellow powdcr (MEOH)
('MQOH) km. 265 344-360 aim; IR’ (KBr) .

T

Vimax 3440, 1640, 1615, 1580; 'HNMR(DMSO—
ds; 500 MHz) & 8.06 (2H, d, J=8.5 Hz, H-2", 6"),

6.85 (2H, d, J=8.5 Hz, H-3', 5"), 642 (1H, d, -

J=1.9 Hz, H-8), 6.19 (1H, d, J=1.9 Hz, H-6),
5.39 (1H, d, J=7.5 Hz, H-1""), 3.65 (1H, d, J=2.8
Hz, H-4""), 3.53 (IH, t, J=6.5 Hz, H-2""), 3.45
(1H, dd, J=10.4, 5.6 Hz, H-6"'g), 3.37 (I1H, dd,
J=9.4, 3.1 Hz, H-3""), 3.33 (1H, t, /=6.0 Hz, H-
5"), 3.29 (1H, dd, /=10.1, 6.0 Hz, H-6"'b), OH .
signals: 12,60, 10.26, 5.18, 4.86, 4.50, 4.45; "’C.

NMR (DMSO-dy, 125 MHz) 177,55 (C, C-4),

.164.23 (C, C-7), 161.23 (C, C-5), 159.99 (C, C-

4'), 156.41 (C, C-9), 156.38 (C, C-2), 133.25(C,
C-3), 131.02 (CH, C-2', 6°), 120.89 (C, C-1"),
115.09 (CH, C-3°, 5%), 103.96 (C, C-10), 101.68
(CH, C-1""), 98. 74 (CH, C-6), 93.71 (CH, C-8),

- 7580 (CH, C-5"), 73.10 (CH, C-37), 71.23

(CH, C-2'), 67.91 (CH, C-4""), 60.23 (CH.,. C-
6"); positive ESIMS m/z 448 [M]", 449 [M+H]",
471 [M+Na]', 286 [aglycon]’, 287
[aglycon+H]"; negative ESIMS m/z 447 [M-HT,

285 [aglycon-H]".

Compound (2): Yellow powder (MeOH); UV
(MeOH) Anax 265, 345-360 nm; IR (KBr) v
3420, 1635, 1610, 1580; '"H NMR (DMSO-d,,
500 MHz) & 7.65 (1H, dd, J=85, 2.2 Hz, H-6"),
7.51 (1H, d, J=2.2 Hz; H-2"), 6.80 (1H, d, J=8.5
Hz, H-5%), 639 (1H, d, J=2.2 Hz, H-8), 6.18
(1H, d, J=2.2 Hz, H-6), 5,36 (lH, d, J=7.5 Hz,
H-1"), 3.63 (1H, d, /=2.8 Hz, H4""), 353 (1H.
dd, /=9.4, 7.5 Hz, H-2""), 3.44 (IH, dd, J/=10.1,
5.6 Hz, H-6""a), 3.36 (1H, dd, /=9.4, 3.1 Hz, H-
3™), 3.31 (1H, t, J=6.0 Hz, H-5""), 3.29 (1H, dd, _
J=10.1, 6.0 Hz; H-6"'b), OH signals: 12,62, brs,
512, 4.84, 4:42; ”C NMR (DMSO-d,, 125
MHz) & 177.47 (C, C-4), 164.15 (C, C-7), 161.22
(C, C-5), 156.29 (C, C-9), 156.21 (C, C-2),
148.46 (C, C-4"), 144,82 (C, C-3'), 13346 (C,
C-3), 1220 (CH, C-6"), 121,08 (C, C-1),
115.91 (C, C-2), 115.17 (CH, C-5"), 103.89 (C;
C-10), .101.76 (CH, C-1"), 98.66 (CH, C-6),
93.49 (CH, C-8), 75.84 (CH, C-5"), 73.16 (CH,

C-3), 71.19 (CH, C2"), 67.91 (CH, C4"), .
60.13 (CH,, C-6"); posmvc ESIMS m/z 464 ,
303

465 [M+H]", 302 {aglycon]”,
[aglycon+H] negatwe ESlMS m/z 463 [M-I—l]

301 [aglycon-H]". o
‘Compound (3): Yellow powder (MeOH) “UV o

(MeOH) Amac 256, 357 nm; IR (KBr) Vi, 3420, -
1640, 1620, 1585; 'H NMR (DMSO-dj, 500 -

" ‘MHz) § 7.58 (H, dd, /=88, 2.2 Hz, H-6"), 7,56

1’ ,-_ 2.'3_‘-‘r‘: '.-, ‘ ;

(1H, d, J=2.2 Hz, H-2"), 6,83 (1H, d, J=9.1'Hz,

- H-5"), 6.39 (1H, d, J=1.9 Hz, H-8), 6.19'(1H, 4, = .
- - <19 Hz, HS6), 545 (1H, d; J=7.2 Hz, H-1"), ..
./3.58 (1H, d, J=10.0 Hz, H-6"a), 3.32 (1H, dd,"';:
JRILS; s71~1z. H-6' b). 324 (lH t,J—9,l Hz,
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H-3"), 3.22 (1H, dd, J=7.2, 9.1 Hz, H-2"), 3.07
-~ (@H, m, H-4", 5), OH signals: 12.63, 5.28,

5.06,-4.94, 425; "C NMR (DMSO-d;, 125
MHz) § 177.51 (C, C-4), 164.12 (C, C-7), 161.25
(C, C-5), 15632 (C, C-9), 156.19 (C, C-2),
148.48 (C, C-4"), 144.83 (C, C-3"), 133.32 (C,

C-3), 121,62 (CH, C-6'), 121.19 (C, C-1Y, .

116.22 (C, C-2°), 115.20 (CH, C-5"), 104.00 (C,
C-10), 100.85 (CH, C-1'"), 98.69 (CH, C-6),
93.52 (CH, C-8), 77.60 (CH, C-5™), 76.51 (CH,
C-37), 74.10 (CH, C-2), 69.94 (CH, C-4™"),
60.99 (CH;, C-6"); positive ESIMS m/- 464
M])", 465 [M+H]', 302 [aglycon])®, 303
[aglycon+H]"; negative ESIMS n/= 463 [M-HT,
301 [aglycon-H]".

Compound (4): Yellow powder (MeOH); UV
(MeOH) Apy 265, 347-370 nm; IR (KBr) vipax
3440, 1640, 1610, 1590; 'H NMR (DMSO-dj,
500 MHz) & 7.97 (2H, d, J=8.8 Hz, H-2', 6"),
6.86 (2H, d, J=8.8 Hz, H-3", 5'), 6.39 (lH, d,

J=2.2 Hz, H-8), 6.19 (1H, d, J=1.9 Hz, H-6), .

5.30 (1H, d, J=7.5 Hz, H-1""), 4.36 (1H, br s, H-
1'""), 3.68 (1H, dd, J=10.1, 5.6 Hz, H-6""a), 3.40
(1H, t, /=9.4 Hz, H-4"), 3.34 (IH, m, H-5"),
3.26 (1H, dd, J=10.1, 6.0 Hz, H-6"'b), 3.25 (1H,
m, H-5"""), 3.24 (1H, d, J=4.4 Hz, H-2™"), 3.17
(1H, dd, J=7.5, 9.4 Hz, H-2""), 3.15 (1H, t, J=0.4
Hz, H-3™), 3.08 (1H, t, J=9.1 Hz, H-4"""), 3.05

(1H, t, /~9.4 Hz, H-3"""), 0.97 (3H, d, /=6.3 Hz,

H-6"'"), OH signals; 12.55, 5.34, 5.08, 5.06,
4.53, 4.41; "C NMR (DMSO-d;, 125 MHz)
177.36 (C, C-4), 164.15 (C, C-7), 161.16 (C, C-
5), 159.87 (C, C-4"), 156.82 (C, C-9), 156.47 (C,
C-2), 133.20 (C, C-3), 131.18 (CH, C-2, 6),
©120.87 (C, C-1%), 115.33 (CH, C-3", 5"), 103.94
(C, C-10), 101.18 (CH, C-1"), 100.71 (CH, C-
1), 98.49 (CH, C-6), 93.95 (CH, C-8), 76.27
' (CH, C-3"), 75.65 (CH, C-5"), 74.07 (CH, C-
2'"), 71.85 (CH, C4"""), 70.52 (CH, C-3'""),
" 70,37 (CH, C-2'""), 69.97 (CH, C-4""), 68,16
(CH, C-5""), 66.89 (CHy. C-6™"), 17.51 (CH,, C-
6);  positive ESIMS m/z 594 [M]', 595
[M+H]’, 617 [M+Na]", 448 [M-rbarqnﬂse] , 286
: [aglycon]‘. 287 [aglycon+H]"; negative ESIMS
 m/= 593 [M-HT, 285 [aglycon-H]". Lo

Cde‘cu’nd {(5): Colorless needles’ (MeOH),
UV (MeOH) Ama 245, 316, 327, 340 nm; IR

(KBr) Vi 3400, 3200-2500, 1705, 1640, 1610, -

1520; 'H NMR (CD;0D, 500 MHz) & 7.54 (1H, -
d, J=16.1 Hz, H-7"); 7.03 (1H, d, /1.9 Hz, H-

2),6.94 (1H, dd, J=8.2, 1.9 Hz, H-6"), 6.76 (1H,
d, /=82 Hz, H-5"), 6.25 (IH, d, J=15.7 Hz, H-
- .8%),5.32 (1H, ddd, J=7.9, 7.6, 4.1 Hz, H-5), 4.16
- (1H, m, H-3),3.72 (1H, dd, J=7.6, 3.i 'Hz, H-4),

© 222 (1M, dd; J=13.8, 3.5 Hz, H-6,;), 2.18 (1H. -
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dd, /<13.8, 4.1 Hz, H-2,,), 2.12 (IH, dd, J=13 4
7.9 Hz, H-6..), 2.07 (1H, dd, /=13.8, 6.9 5, p’
2.,): ’C NMR (CD,0D, 125 MHz) § 177.47 (c,
C-7), 168.65 (C, C-9°), 149.52 (C, C-4"), 147,02
(CH, C-7°), 146.74 (C, C-3"), 127.75 (C, C-19,
122.97 (CH, C-6'), 116.45 (CH, C-5°), 11527
(CH, C-2'), 115.16 (CH, C-8"), 76,58 (C, C-1),-
73.44 (CH, C-4), 71.99 (CH, C-5), 71.31 (CH,
C-3), 38.76 (CH, C-6), 38.12 (CH,, C-2)
positive ESIMS m/z 354 [M]", 355 [M+HJ", 377
[M+Na]’, 731 [2M+Na]"; negative ESIMS m/
353 [M-H], 191 [M ~ caffeoyl], 163 [caffeoyl].
Compound (6): Colorless needles (MeOH),
UV (MeOH) Amy, 221, 244, 327 nm; IR (KBr)
Vm 3410, 1735, 1680, 1630, 1600, 1520: 'H
NMR (CD;0D, 500 MHz) § 7.51 (IH, d, /=15.7
Hz, H-7"), 7.03 (IH, d, J/=1.9 Hz, H-2"), 6.93
(1H, dd, J=8.2, 1.9 Hz, H-6"), 6.77 (1H, d, /=3.2
Hz, H-5"), 6.20 (1H, d, J=15.7 Hz, H-8"), 526

- (1H, ddd, J=7.6, 7.5, 4.4 Hz, H-5), 4.12 (IH,

ddd, J=3.1, 3.5, 6.6 Hz, H-3), 3.72 (1H, dd.
J=7.6, 3.1 Hz, H-4), 3.68 (3H, 5, OCH,), 2.20
(1H, dd, J=13.5, 3.4 Hz, H-6,), 2.17 (IH, dd,
J=13.5, 4.4 Hz, H-2,)), 2.12 (1H, dd, J=13.5. 7.9
Hz, H-6,), 2.00 (1H, dd, /<13.5, 6.9 Hz, H-2_);
"“C NMR (CD;0D, 125 MHz) 5 175.41 (C, C-7),
168.25 (C, C-9), 149.67 (C, C-47), 147.19 (CH,
C-7"), 146.84 (C, C-3"), 127.62 (C. C-1"), 122.97
(CH, C-6%), 116.52 (CH, C-5), 115.10 (CH, C-
2%), 115.03 (CH, C-8°), 75.80 (C, C-1), 72.52

- (CH, C-4), 72.10 (CH, C-5), 70.27 (CH, C-3),

38.01 (CH,, C-6), 37.74 (CH., C-2); positive
ESIMS m/z 368 [M]', 391 [M+Na]", 736 [2M]",
759 [2M+Na]’; negative ESIMS m/z 367 [M-H]"
» 205 [M-caffeoyl], 163 [caffeoyl], 135
[caffeoyl-C=0]", . R
Determination of the effects of 1-6 on DPP
radieal ,

The test sample in solution was added to 1 ml
of a. methanolic solution of DPPH radical
(Sigma-Aldrich, St. Louis, 'USA.) (final DPPH
concentration was 300 pM). The mixture was
shaken vigorously and left to stand for 30 min.
The absorbance of the resulting solution was

measured at.517 nm. The percent inhibition of

each sample was calculated " ' according to
the equation: ' S , Ty
Inhibition% = (1- Sampley, s/ blanks;s) X 100.

Percentage inhibition was plotted versus =

compound concentration: (mg/ml). From the
equation of the slope, . the test sample -
concentration required to reduce the absorbance -

~at 515 nm by 50 % (ICs0) was calculated. All

Y R

tests and analyses were run in triplicate and -

averaged. The value of 50% inhibition (ICs) -

o
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denotes the concentration of sample required to
scavenge 50% of the DPPH free radicals.

R.ESULTS and DISCUSSION

' Fractions derived from VLC of the non-
alkaloidal EtOAc extract of T\ indica leaves were

subjected to - preparative and semi-preparative

Ry R,
Compound1 H  Galactose
Compound 2 OH Galactose
Compound3 OH Glucose

-Compound4 H

Compounds 1-4 were obtained as pale yellow
amorphous powder. IR spectra of compounds 1-
4 showed the same pattern, suggesting the
presence of hydroxyl (3420-3433 cm-1) and
carbonyl (1730-1735 cm-1) groups. In addition,

“their UV absorption patterns (244-245sh, 296-

300, 328-329 nm) were nearly identical to each
other and similar to those of flavonoids ©”. In
the ESIMS, peaks corresponding to [M],
[M+H]", [M+Na]" and [M-H] were observed al
m/z 448, 449, 47] and - 447 showing. the
molecular formula of 1 to be C;;H30,;. Another
fragment ion peaks at m/z 286, 287 and 285
corresponding to [aglycone]”, [aglycone+H]" and
[aglycone-H], respectively, was indicative of the
kaempferol aglycon of 1. The ESIMS of 2 and 3
showed the same molecular ions [M]" at m/z 464,
(M+H]" at m/z 465, and [M-H] ions at m/z 463,

‘Which were in accordance - with quercetin

R galactoside
2ppropriate for the molecular formula CyHygO)5.

e e

or quercetin - glucoside and

In addition, fragment ion peaks at m/z 302

Glucose(6-1)Rhamnose

HPLC separation using the program described
under the experimental section. Four flavonoids
[1-4] and two quinic acid derivatives [5 and 6)
were isolated and identified through LC-ESIMS,
LC-UV, IR and NMR data analysis. Analysis of
the COSY, HMQC and HMBC spectra allowed
the complete assignments for the 'H and "’C
NMR of all compounds.

HO

OH

OH
ROOC
1 3
OH OH
R
Compound5 H
Compound 6 CHy

[aglycone]’, 303 ([aglycone*+H]" and 301
[aglycone-H]" confirmed the quercetin aglycone.
Compound 4 exhibited an [M]" peak at m/ 594,
an [M+H]" peak at m/z 595, an [M+Na]* peak ar
m/z 617 and an [M-H] peak at m/z 593, which
were indicative of the molecular formula 11
Cy7H305. Fragment ions similar to those of 1
were observed at miz- 286, 287 and 283,
suggesting that, kaempferol is the aglycone of 4.
Furthermore, the fragment ion peak at m/> 448
[M-146]", confirmed that 4 has a rhamnose unit.
The 'H NMR spectrum of 1 showed the
expected  kaempferol-3-O-galactoside  proton
pattern of signals, Two doublets at 66.19 and

- -6.42 with a coupling constant of 1.9 Hz, typical

of two meta-coupled protons, were assigned to

- H-6 and H-8, respectively. The disubstituted

25

aromatic B ring appeared as AA'BB" spin
system at 56.85 (H-3", H-5") and §8.06 (H-2', H-
6'), each 2H, Jyg= 8.5 Hz. ’C NMR spectral
analysis further confirmed the structuré of 1.

Thus, most of the chemical shift values were the -
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same as for knempfcrolcS-0-83!3°'°5'de' It
: i i obvious that two
displayed 19 signals but it was : ires
signals at §131.02 and 115.09 had intensi
i t two carbons each.

suggesting that they represent IWo

The 'H and °C NMR of 1 exhibited one sugar
anomeric proton at 8H 5.39 (1H, d, J= 1.5 ll‘gz,)
and carbon at 8C 101.68 of galactose. The C-
NMR chemical shifts of galactose and “Jin
analysis of H-3 and H-4 (9.4, 3.1 Hz) confirmed
the D-galactose moiety. The galactose Was
established to be in the p-configuration frojm the
anomeric proton chemical shift and “Jyiw2
coupling constant ®”, Glucosidation at the 3-
hydroxyl of kaempferol was deduced from the
recognized upfield shift of the C-3 (5133.25)
carbon resonance and the downfield shift of the
C-2 (6156.38) carbon resonance. Furthermore,
the HMBC correlations clearly revealed the
galactose unit attached to C-3 in the
kaempferol moiety. Thus, compound 1 was
identified as  kaempferol-3-O-galactoside
(trifolin) in good agreement with the reported
literature @Y,

The 'H and °C NMR spectral data indicated
that 2 is the quercetin analogue of 1. The 'H and
PC NMR spectra were similar to those of
compound 1 and also showed a galactose proton
and carbon signals. The only difference between
compounds 1 and 2 in 'H NMR was the presence
of an ABX system instead of AA'BB" system
corresponding to the B ring protons at §7.65 (1H,
dd, J=8.5, 2.2 Hz, H-6"), 7.51 (1H, d, J=2.2 Hz,
H-2%), 6.80 (1H, d, J=8.5 Hz, H-5"). The "*C
NMR spectrum displayed 21 signals consistent
with  quercetin galactoside. HMBC analysis
established the site of galactosidation at C-3 as in
1. Therefore, assigned compound 2 was as
quercetin-3-O-galactoside (hyperoside) ,being in
close agreement with hyperoside by literature
comparison '?%?,

Similarly, compound 3 showed 'H and “'C
NMR resonances comprising typical quercetin
signals, almost identical to those of compound 2,
The difference between 2 and 3 is that, the
galactose moiety was replaced by glucose. 'H
and ’C NMR chemical shifts and coupling
constants were in good agreement with B-D-

glucose ®”. By  direct comparison with
corresponding spectroscopic  data  published
previously, ' ¥, the structure of compound 3

was  identified as  quercetin-3-O-glucoside
(isoquercitrin). . .

The 'H NMR of compound 4 was similar to |

' ‘that of 1, except the galactose moiety
replaced by rutinose as indicated by the signals
of two anomeric protons, one at §5.30 (1H, d, J=

- being
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.1"" of glucose) and the second at §4 3
A
s pcélrum of 4 showed the characteristic |y
distinct carbon resonances of a kaempfery)
moiety. In addition, two anomenic carbons g
5101.18 and 100.71, confirmed the disacchariq,
moiety of 4. The appearance of the strong shary
signal at 50.97 (3H, d, J= 6.3 Hz) andhﬁl’I.S] in
the 'H- and "C-NMR spectra confirmed the
rhamnose unit. The configuration at C-1 of the
glucose was determined to be B; while
configuration at C-1 of _the rhm'_nnosc wag
determined to be a, according 19 their anomeric
protons chemical shifts and “Jyym coupling
constants ®"*%. The signal of the glycosidic
carbon, C-6" was downfield- shified as
compared to the unsubstituted C-67 of the
glucose moiety. This is the shift expected for a
1—6 linked rhamnoglucoside (rutinoside) and
the '"H NMR signal of the rhamnose H-1 was
consistent with a rutinose linkage “*™, This was
confirmed by HMBC cross-peaks betwesn the
anomeric proton of rhamnose and and C-6" of
glucose, and between H2-6"" of glucose and the
anomeric carbon of rhamnose. The attachment of
the rutinose moiety to C-3 of the kasmpferol
moiety followed from the upfield shift of this
carbon resonance and the accompanying
downfield shift of the resonance of C-2 (all in
comparison with the chemical shifis of the
corresponding carbon resonances in the '°C
NMR  spectrum of kaempferol itself *
Furthermore, the HMBC spectrum of 4 showed
correlations between the anomeric proton of the
glucose and C-3 of the kaempferol skeleton,
confirming the anachment of the disaccharide
moiety to this position, The structure of 4 is,
fherefore. that of kaempferol-3-O-rutinoside and
n g?od agreement with the reported literature (™

Compound 5 was obtained as colourless
needles, and exhibited strong absorption bands
fiue to hydroxyl, carbonyl and an aromatic ring
in the IR spectrum. In addition, the UV
n'bs?rptlon pattern (245, 316, 327, 340 nm) was
snmllfxr o those of caffeic, chlorogenic, and
ferulic acids, indicating the presence of a -
CH=CH-CO2H group linked to the phenyl ring

- Peaks corresponding o [M]", [M+H],
(M+Na]*, were observed at m/z 354, 355, 377 in
the positive ESIMS mode and a peak
corresponding to [M-HJ, was observed at mz
353, in the negative ESIMS mode showing the

- molecular formula of 5 to be C,sH,s00. Analysis

of the HMQC and HMBC spectra allowed the
complete assignments for the 'H and '’C NMR
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of compound 5. The 'H NMR spectrum of 5
displayed an AMX spin system consisting of
§7.03 (IH, d, J=1.9 Hz, H-2"), 6.76 (1H, d,
J=8.2 Hz, H-5°), and 6.94 (1H, dd, J=8.2, 1.9
Hz, H-6"); indicating a 1",3",4"-trisubstituted
benzene ring ®”. The presence of a frans double
bond was noted in-the 'H NMR spectrum of S5
86.25 (1H, d, J=15.7 Hz, H-8') and 7.54 (IH, d,
J=16.1 Hz, H-7"), suggesting the presence of a
frans caffeoyl moiety in 5. The signals of H-3,
H-4 and H-5 of the quinic acid moiety were
assigned according to their multiplicity and their
spin-spin coupling constants ®®. The 'H NMR
spectrum of § displayed H-4 as a dd at 83.72
with Jvalues of 3.1 and 7.6 Hz, indicating axial-
axial (/=7.6 Hz) and axial-equatorial (J=3.] Hz)
‘couplings. The large coupling of H-4 and H-5
(J=7.6 Hz) demonstrates axial-axial coupling,
and the small coupling of H-3 and H-4 (J=3.]
Hz) shows axial-equatorial coupling. These
results confirn that 5 has the same
stereochemistry in its quinic acid moiety as
chlorogenic acid ®. In the 'H NMR spectrum,
the downfield shift of the resonance of the axial
proton signal of H-5 (85.32, ddd, J=79, 176, 4.1
Hz) indicated that the hydroxyl grou‘: on C-5
was acylated with a caffeic acid. The °C NMR
data revealed the presence of a quinic acid
moiety characterized with two methylenes
(638.12 and 38.76), three oxymethines (671.31,
71.99, and 73.44), one quaternary carbon
(676.58), and one carboxyl group (5177.47), as
well as a caffeoyl moiety. Furthermore, the
location of the caffeoy] substitution on the quinic
acid moiety was determined by the HMBC
spectrum. The signal at 85.32 due to H-5 of the
quinic acid moiety showed a correlation with the
carboxyl carbon signal at 5168.65. These results
established the Jocation of the caffeoyl
substitution as being at the C-5 position of the
Quinic acid moiety. The 'H and "C NMR data of
5 were similar to those of chlorogenic acid *.
Compound 6 was obtained as colourless

needles. The IR and UV absorption patterns were -

nearly identical to those of 5. The ESIMS of 6
showed molecular jons at m/z 368 [M]", 391
(M+NaJ*, 367 [M-H]', which were in accordance
With chlorogenic acid containing a methoxyl
group. Compound 6 exhibit 1D and 2D NMR

la similar to those of 5, except that 6 displays
Chemical  shifts  for an O-methyl group.
. erefore, 6 was identified as chlorogenic acid
- Methyl ester. The "HNMR spectrum exhibited

Sis.nalls belonging to a caffeic moiety, a quinic’
?:Ild moiety

aa was used to determine the

and a methoxyl group. Analysis-of K
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stereochemistry of 6. The results showed that 6
has the same stereochemistry in the quinic acid
moiety as chlorogenic acid (Pauli ef al, 1999),
The ”C NMR spectrum exhibited 17 signals
comprising two ester carbonyls (6175.41 and
168.25), one methoxyl carbon (552.96), two
methylene carbons (637.74 and 38.01), three
oxymethine carbons (570.27, 72.10 and 72.52),
One quaternary carbon (5 75.80), two olefinic
carbons (5147.19 and 115.03) and two
hydroxylated aromatic carbons (6149.67 and
146.84), The position of caffeoyl substitution
and the location of the methoxyl group on the
quinic acid moiety were confirmed as follows-
The HMBC spectrum showed a correlation
between the signal of H-5 (65.26) and a carboxyl
carbon signal (5168.25). The carboxyl carbon
signal was also found to be correlated with two
frans olefinic proton signals, while a methoxy
proton signal (83.68) showed correlation with C-
7 (8175.41). These spectral data confirmed the
location of the caffeoyl substitution at the C-5

position of the quinic acid methyl ester moiety,

The 'H and C NMR data of 6 are consistent

with previously published data for chlorogenic

acid methyl ester “. The structure of § is,

therefore, that of chlorogenic acid methyl ester.

Antioxidant activities of 1-6

In this paper, the scavenging activities of
compounds 1-6 toward the DPPH (1,1-diphenyl-
-picrylhydrazyl) radical were determined (Table
1). The DPPH free radical is a stable free radical,
which has been widely used as a tool to estimate
the free radical scavenging activities of
antioxidants ®", To evaluate the six phenolics 1-
6 for antioxidant potential, their DPPH free
radical scavenging activities were compared with
those of selected standard antioxidants including
quercetin and a-tocopherol (Table 1), In terms of
DPPH scavenging activity, quercetin was found
to be the most potent antioxidant, whereas
compounds 6 showed the lowest activity, The
values obtained for compounds 1 and 4, are
comparable to those of a-tocopherol, while
compounds 2 and 3 were stronger than a-
tocopherol and their DPPH scavenging activities
were slightly higher than those of a-tocophérol;
Among the six compounds, compounds 5 and § .
were the weakest in antioxidant activity. In -
comparison with the values of quercetin, all
compounds 1-6, showed weak antioxidant
activity.
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(Table 1): Scavenging effect of 1-6 on DPPH radicals. YT o v _
Compound §43227 44 !
l 61534133 ]
- 58.21 =122 —"'!
: B6.12 = 2.44 1
2 16567 %3.1] !
6 8244 + 328 N
a-tocopherol $2.23 £ 1.23 e
Quercetin 37.08 £ 1.62 |

a-tocopherol and quercetin were used as positive controls.

*The data are presented as a mean of at least three independent measurements + standard deviation.

REFERENCES

1. Sharma, O. P., Plant taxonomy, New Delhi,
Tata Mc Graw-Hill, 248-251, 327-330 (1993),

2. Gupta, S., George, P., Gupta, V., Tandon, V.
R., Sundaram, K. R., Ind. J. Med. Res., 69, 93]
(1979).

3. Biren, S. N., Nayak, B. S., Seth, A. K,
Jalalpure, S. S, Patel, K. N, Patel, M. A.
Mishra, A. D., Pharmacogn. Mag., 2 (6), 77
(2006).

4. Samy, R. P, Thwin, M. M,
Gopalakrishnakone, P. Ignacimuthu, S., J
Ethnopharmacol. , 115 (2), 302 (2008).

5. Balasubramanian, G., Sarathi, M., Rajesh, K.
S. and Sahul, H. A. S., Aquaculture, 263, 15
(2007).

6. Gao, W., Chen, A. B. C,, Leung, C. H,
Gullen, E. A, Flrstner, A., Bioorg. Med. Chem,
Lett., 18, 704 (2008).

7. Parekh, J. and Chanda, S. V., Turk. J. Biol.,
32, 63 (2008).

8. Chandra, J. G. Shrinath, B. M., J. med.
Food., 7(3), 343 (2004). ‘

9, Kathuria, V. Kaushik, N., Insect Sci., 12, 249-
254 (2005).

10. Gujrati, V., Patel, N, Rao, N, V,
Nandakumar, K., Gouda, T. S., Shalam, M. d.,
Shanta Kumar, S. M., Indian J Pharmacol., 39
(1), 43 (2007).

11. Ganguly, T. and
Phytomedicine, 8, 348 (2001).
12. Gellert, E., J. Nat. Prod., 45 (1), 50 {1982),
13. Ali, M., Bhutani, K. K,, Phylochemistry, 28
(12), 3513 (1989).

14. Ali, M., Ansari, S. H, Qadry, J. S,, J.N. P,
- 54.(5), 1271 (1991).

15. Jain, D. C.; Agrawal, P. K. Fitoternpia, 62

(1), 93 (1991).

Sainis, K. B,

28

16. Chandrashekar, V.; Seshadri, T. R, Cerr.
Sci., 37(15), 432 (1968).

17. Mossman, B. T., Free Rad. Biol. Med, 22,
1315 (2000).

18. Janssen, Y. M. W, Houten, B, Borm, P J. A,
Mossman, B. T., Lab. Invest., 69, 26| (1993}
19. Markham, K. R., Ternai, B, Stanley, B
Geiger, H. Mabry, T. J., Tetrahedroa, 34, 1389
(1978).

20. Gorin, P. A. J. Mazurek, M., Can. J, Chem.,
53, 1212 (1975).

21. Daz, J. G., Carmona, A. J., Torr=s, F.
Quintana, J,, Est'evez, F. Herzz, W, Planta.
Med. 74,171 (2008).

22. Harborne, J. B. The Flavomoids, Advances
in research since 1986, 116-238, &46-
471.Chapman and Hall, London, New York
(1994).

23. Moco, S., Tseng, L. H., Spraul, M_. Chen, Z.
and Vervoort, J., Chromatographia , 64, 303
(2006). .

24. Lee, J. H,, Ku, C. H., Baek, N. I, Kim, S H,
Park, H. W. Kim, D. K., Arch, Pharm. Res. 27
(1), 40 (2004),

25, Mabry, T. J,, Markham, K. R. Thomas, M. B,
The Systematic ldentification of Flavonoids,,
Springer, New York (1970). .
26. Perry, G., Raina, A, K. L, Nonomura, A.
Wataya, T., Sayre, L. M., Smith, M. A, Free
Rad. Biol, Med., 28, 831 (2000). -
27. Kweon, M, H,, Hwang, H. I, Sung, H. C,, J.
Agric. Food Chem. , 49, 4646 (2001).

28. Karplus, M. J., Chem. Phys,, 30, 1] (1959).
29, Pauli, G, F,, Kuczkowiaky, U. Nahrstedt, A.
Magn. Reson, Chem. 37, 827 (1999),

30. 1da, Y., Satoh, Y., Ohtwka, M., Nagasao, M
Shoji, 1. Phytochem., 35(1), 209 (1994).
31.Jin, Z, Q,, Chen, X., J. Pharmacol. Texicol.
Methods., 39, 63 (1998),

Received: 27/03/2011

- Accepted: 10/06/2011



Mbhammed H. Hussein ef al.

BasaisO Baliaall Lgidold o LSl )y solis il alsl e Aol il o
Sy Gl e Gl Il dese wull ) ilias deae Gl 5 s den
ad = a1 deala = 5 ally (i — Aosall LIS — 5G]l o

3 (odlsiali) -'l’,\l)._?'isyl.é‘r“d_g_)ginls (NVE a5 Ol Ul Ciliiia e LS e eo) LS 5 Joai 3
& AT mdpielS 5 (QptalsS ) WiSslaT-oialS 5 (uhams) ul AT il
Bl hAsds als Ghyl e 50 JpY g gl Gaan Jfise Sljind CSpa 5 @m0 Gmen (S50
plisiuly SLSAN oda o oyl 5 a8 Al 5 LS g3 Bl s gile g SN Jeaaill jlea aladilly @l
bl oyl cuilly Tmaiill 38 LesVly elanll (350 2adYL Abiadlly Ailiadl sl Akl 3L
o Ay WS ol Gy eyl ) BLaYl sl Sy golal VTSl Gumgynell S
2 ) ol bl alasiuly S all o) 3108 alimall Llelill Al 25 LS 3 gkl Dualell Gyl

32083 Balims Lleld LS )yall o8 pread of anyy (U



