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Phenolic Compounds from the Leaves of Nelumbo nucifera
Showing DPPH Radical Scavenging Effect
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Abstract — Nelumbo nucifera (Nymphaeaceae) has been widely used in a traditional oriental medicine to treat bleeding, fever,
diarrhea, hemorrhoid, sunstroke, dysentery and dizziness. The leaves of this plant were refluxed with methanol, and then frac-
tionated with organic solvents to screen the antioxidant activity using DPPH radical. Ethyl acetate and n-butanol fractions
showed good DPPH radical scavenging effects and were carried out column chromatographies to isolate nine compounds. Their
chemical structures were characterized as p-hydroxybenzoic acid (1), uracil (2), luteolin (3), quercetin 3-O-B-D-glucopy-
ranoside (4), rhamnetin 3-O-B-D-glucopyranoside (5), isorhamnetin 3-O-f-D-glucopyranoside (6), quercetin 3-O-f-D-glu-
curopyranoside (7), quercetin 3-O-p-D-xylofuranosyl(1 — 2)-p-D-galactopyranoside (8), and adenine (9) by comparison NMR
spectral data and with those in references. Compounds 1, 2, 5 and 9 were firstly isolated from this plant. Compounds 1, 3 and
4 showed potent DPPH radical scavenging activity. Especially, compound 3, luteolin showed the higher effect than ascorbic

acid used as a positive control.
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3 n-BuOH 23 E (40 g)S CH,CL,-MeOH-H,0 &3
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(630 g) column (7 x 76.5 cm) chromatography & 3}
fraction 47§ S AU THNNBI1~4). A& 47 fraction =,
NNB2 fractionS 828 & acetone= A3+ Sephadex
LH-20 column chromatographyE A3} 370€] fraction
22 FITHNNB2A~C). 3F3HE 9= NNB2B fraction®l]
A g g EdE BT

5l8t2 1(p-hydroxybenzoic acid) — 'H-NMR (400
MHz, DMSO-d,) &: 7.79 (2H, d, J=8.75 Hz, H-2 & H-6),
6.82 (2H, d, J=8.75 Hz, H-3 & H-5); "C-NMR (100
MHz, DMSO0-d,) &: 167.1 (-COOH), 161.5 (C-4), 115.1
(C-3 & C-5), 131.5 (C-2 & C-6), 121.4 (C-1).

5}8H2 2(uracil) — 'H-NMR (400 MHz, DMSO-d,) &:
7.38 (1H, d, J=7.62 Hz, H-5), 5.44 (1H, d, J=7.62 Hz,
H-6); “C-NMR (100 MHz, DMSO-d,) & 164.8 (C-1),
151.9 (C-3), 142.6 (C-5), 100.7 (C-6).

5}8t2 3(luteolin) — 'H-NMR (400 MHz, DMSO-d,) &:
7.42 (1H, dd, J=8.26 & 2.20 Hz, H-6'), 7.40 (1H, d,
J=2.20 Hz, H-2'), 6.90 (1H, d, J=8.26 Hz, H-5"), 6.68
(1H, s, H-3), 6.45 (1H, d, J=2.04 Hz, H-8), 6.20 (1H, d,
J=2.04 Hz, H-6); "C-NMR (100 MHz, DMSO-d,) &:
181.6 (C-4), 164.1 (C-2), 163.9 (C-7), 161.4 (C-5), 1572
(C-9), 149.7 (C-4'), 145.7 (C-3"), 121.5 (C-1"), 118.9 (C-
6, 116.0 (C-5"), 113.3 (C-2'), 103.6 (C-10), 98.8 (C-6),
93.8 (C-8).

5l8tE 4(quercetin 3-O-B-D-glucopyranoside) — 'H-
NMR (400 MHz, DMSO-d,) &: 7.58 (1H, dd, J=2.14 &
8.99 Hz, H-6"), 7.57 (1H, d, J=2.14 Hz, H-2"), 6.85 (1H,
d, J=8.99 Hz, H-5'), 6.40 (1H, d, J=2.10 Hz, H-8), 6.20
(1H, d, J=2.10 Hz, H-6), 5.46 (1H, d, J=7.52 Hz, H-1");
BC-NMR (100 MHz, DMSO-d,) &: 177.4 (C-4), 1642 (C-
7), 161.2 (C-5), 156.3 (C-9), 156.2 (C-2), 148.5 (C-4"),
144.8 (C-3'), 133.3 (C-3), 121.6 (C-6'), 1212 (C-1), 1162
(C-2", 115.2 (C-5'), 104.0 (C-10), 100.9 (C-1"), 98.7 (C-
6), 93.5 (C-8), 77.6 (C-3"), 76.5 (C-3"), 74.1 (C-2"), 69.9
(C-4"), 60.1 (C-6").

5182 5(rhamnetin 3-O-B-D-glucopyranoside) — 'H-
NMR (400 MHz, DMSO-d,) &: 7.63 (1H, d, J=2.09 Hz,
H-2"), 7.59 (1H, dd, J=8.52 & 2.09 Hz, H-6'), 6.86 (1H,
d, J=8.52 Hz, H-5"), 6.72 (1H, d, J=2.09 Hz, H-8), 6.38
(1H, d, J=2.09 Hz, H-6), 5.49 (1H, d, J=7.16 Hz, H-1"),
3.87 (3H, s, OCH,); "C-NMR (100 MHz, DMSO-d,) &:
177.5 (C-4), 165.0 (C-7), 160.9 (C-5), 156.5 (C-2), 156.2
(C-9), 148.8 (C-4"), 144.9 (C-3"), 133.5 (C-3), 121.6 (C-6),
120.9 (C-1", 116.3 (C-2"), 115.2 (C-5"), 104.9 (C-10),
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100.8 (C-1"), 97.8 (C-6), 92.1 (C-8), 77.6 (C-5"), 76.5 (C-
3", 74.1 (C-2"), 69.9 (C-4"), 60.9 (C-6"), 56.1 (-OCH,).

slghE 6(isorhnamnetin 3-O-B-D-glucopyranoside) —
"H-NMR (400 MHz, DMSO-d,) &: 7.95 (1H, d, J=2.06 Hz,
H-2"), 7.50 (1H, dd, J=8.52 & 2.06 Hz, H-6"), 6.92 (1H, d,
J=8.52 Hz, H-5'), 6.45 (1H, d, J=1.83 Hz, H-8), 6.22 (1H,
d, J=1.83 Hz, H-6), 5.57 (1H, d, J=7.42 Hz, H-1"), 3.85
(3H, s, OCH;); “C-NMR(100 MHz, DMSO-d,) &: 177.3
(C-4), 164.7 (C-7), 161.2 (C-5), 156.4 (C-2), 156.1 (C-9),
149.4 (C-4), 146.9 (C-3"), 132.9 (C-3), 103.8 (C-10), 122.0
(C-6"), 121.1 (C-1"), 1152 (C-5), 113.4 (C-2'), 100.8 (C-1"),
98.8 (C-6), 93.8 (C-8), 77.4 (C-5"), 76.4 (C-3"), 74.3 (C-
2", 69.8 (C-4"), 60.6 (C-6"), 55.6 (-OCH,).

Compound 7(quercetin 3-O-p-D-glucuropyranoside)
— "H-NMR (400 MHz, DMSO-d,) &: 824 (1H, d, J=1.87
Hz, H-2"), 7.37 (1H, dd, J=1.87 & 8.37 Hz, H-2'), 6.83
(1H, d, J=8.37 Hz, H-5'), 6.39 (1H, d, J=1.56 Hz, H-8),
6.19 (1H, d, J=1.56 Hz, H-6), 5.16 (1H, d, J=7.08 Hz,
H-1"); "C-NMR (100 MHz, DMSO-d,) &: 177.6 (C-4),
1724 (C-6"), 165.4 (C-7), 160.9 (C-5), 157.5 (C-2), 156.6
(C-9), 148.5 (C-4"), 144.8 (C-3"), 134.1 (C-3), 120.7 (C-6),
120.4 (C-1"), 117.9 (C-2'), 115.4 (C-5"), 103.4 (C-10),
103.2 (C-1"), 99.1 (C-6), 93.9 (C-8), 76.7 (C-4"), 74.1 (C-
5", 74.0 (C-2"), 71.8 (C-3").

sleHE 8(quercetin 3-O-B-D-xylofuranosyl(1—2)-B-D-
galactopyranoside) — 'H-NMR (400 MHz, DMSO0-d) &:
7.77 (1H, dd, J=8.55 & 2.18 Hz, H-6'), 7.53 (1H, d,
J=2.20 Hz, H-2'), 6.83 (1H, d, J=8.55 Hz, H-5"), 6.41
(1H, d, J=1.94 Hz, H-8), 6.19 (1H, d, J=1.97 Hz, H-6),
5.71 (1H, d, J=7.64 Hz, H-1"), 4.56 (1H, d, J=7.28 Hz,
H-1"); "C-NMR (100 MHz, DMSO-d,) 8: 177.4 (C-4),
164.0 (C-7), 1612 (C-5), 156.2 (C-2), 155.2 (C-9), 148.5
(C-4"), 144.9 (C-3"), 133.0 (C-3), 121.3 (C-1'), 121.1 (C-
6, 115.7 (C-5'), 1152 (C-2"), 104.6 (C-1"), 103.8 (C-10),
98.6 (C-6), 98.3 (C-1"), 93.3 (C-8), 79.8 (C-2"), 76.2 (C-
3™, 75.9 (C-5"), 73.9 (C-2"), 73.6 (C-3"), 69.4 (C-4"),
67.7 (C-4"), 65.6 (C-5"), 59.9 (C-6").

5}8H2 9(adenine) — 'H-NMR (400 MHz, DMSO-d,)
§: 8.11 (1H, s, H-8), 7.06 (1H, s, H-2); "C-NMR (100
MHz, DMSO-d,) &: 156.3 (C-6), 152.9 (C-2), 150.7 (C-4),
139.2 (C-7), 119.0 (C-5).
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Table I. The DPPH radical scavenging activities of MeOH
extract and its fractions of the Nelumbo nucifera leaves

Sample IC,, (ung/ml)”
MeOH ext. 12.43
CH,CL, fr. 18.56
EtOAc fr. 2.28
n-BuOH fr. 5.36

“Concentration giving a 50% decrease of DPPH radical,
Mean (n=5)

S - 999 MeOH F&= w9 &(CH,CL, EtOAc, n-
BuOH)S t’d©. 2 DPPH radical £275% ©o]-&3 &4ts}
5 AAEATHTable 1). 2323}, MeOH2] ICs, 7tol
12.43 pg/mlE $-3 DPPH radical 271%5& Hith
CH,CL, 3-8 22 1856 pg/ml, EtOAc H-8E-& 228 pg/ml
223 #-BuOH 28 EE 536 pg/ml2A EtOAcS} -
BuOH #8&°] 9473 g1l 853 29 silica gel, ODS
% Sephadex LH-20< AF&-8F column chromatography &
o]-g3ste] 9F 3etES WElskA

225t slerge ESH — NNE2 fractionol| 4] #2]%
313HE 12 'H-NMR spectrumell 2] 821 benzene ring
o] 247157} el 93 ortho coupling®] & 7.79 (2H, d,
J=8.75Hz, H-2 & H-6)%} & 6.82 (2H, d, J=8.75 Hz, H-3
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& H-5pI4] doublet peak® YERESH, PC-NMR spectrum
A A= carboxylZ]ell 7118k peak7} § 1671004 =
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J=7.62 Hz, H-5)%} § 5.44 (1H, d, J=7.62 Hz, H-6)%14]
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A& pyrimidinesd] 8FgHE2] C-13} C-39 A3 ketone”|
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o] B3¢} v)wat Az 2 x5t 3E 25 uracil
2 A%

SIHE 32 50% Shs o] 83 ARG oA Ao
)0} flavonoid SFEHEE 243 4= 20%lon . 'H-NMR

(1H, dd, J=8.26 & 2.20 Hz, H-6"),  7.40 (1H, d, J=2.20
Hz, H-2'), § 6.90 (H, d, J=8.26 Hz, H-5')%]A] B-ring®]
ortho®t meta coupling®ll €8+ 370¢] proton peak”’} T=5]
3L, A-ring®] methine”]°ll 2] ¢t meta coupling peak”} &
6.45 (1H, d, J=2.04 Hz, H-6)S} & 6.20 (1H, d, J=2.04
Hz, H-8)ll4 712} AZ=|]0nk. B3t § 6.68 (1H, s, H-3)l
2] flavone =4 2] H-39 2]3t singlet peak= =5 ATt
T2 PC-NMR spectrumel] VERYF BE peakE-2 luteolin

0 NH,
N
HO COOH Hj\)j </ f\N
; P

1
R: R»
3 OH H
4 OH O-glucose
5 OCHs O-glucose
6 OH O-glucose
7 OH O-glucuronic acid

Fig. 1. Chemical structures of compounds
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isolated from the leaves of Nelumbo nucifera.
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B2} & dA)sle] SE 32 luteolin® 2 23Tt
St 4= 50% FAF 55 o83 BANREOM FS
YeR It 283 'H-NMR spectrumell 4] 3} 33} nf
ZF7HA & flavonoide] 3 A<l peakZ § 7.58 (1H, dd,
J=8.99 & 2.14 Hz, H-6"), 6 7.57 (1H, d, J=2.14 Hz, H-
2), 8 6.85 (1H, d, J=8.99 Hz, H-5")e| 4] B-ring®] ABX
system®l| &] $torthoet meta couplingd}+= proton peak 37
7} #ZE A3, § 6.40 (1H, d, J=2.10 Hz, H-8)Z} § 6.20
(1H, d, J=2.10 Hz, H-6)°| A] A-ring®] meta coupling3} =
proton peak”’} BZ=E AT}, 3+ § 546 (1H, d, J=7.52 Hz,
H-1")A] B-form?] <] anomeric proton®l] €]+ doublet
peak”} #ASE o] viEA| SHEUS & 7 AU sH=E
4°] PC-NMR spectrums £31x]2"9} ]38} quercetin 3-
O-B-D-glucopyranosideZ 1755 ZAA s3It}

3tE 5= 50% FARS ]85 ANhEelM FES B
%32, '"H-NMR spectrum®l| 4] methoxyl7]¢ll ©]&+ peak’} d
3.87 3H, s, -OCH, A #=57, PC-NMR spectrumel]A]
= methoxyl7]9ll €&t peak7} § 56.190141 F=H ZS A
Qg & data7} Shet= 49 & A s $HHE 400
methoxyl?]7} ZA%Heh s15tE-e] #3129} nlwale] 313H=

= 3}3E 49| C-79] methoxyl”] 7} ZA%}3}H rhamnetin 3-
O-B-D-glucopyranoside® 7+Z& A4 3T}

33 6 31FE 591 nREIAE 'H-NMR spectrum®]
8 3.85 (3H, s, -OCH,)¢} *C-NMR spectrum®] § 55.691 4]
#Z4 methoxyl”] (-OCH,)oll €] gt peaks A &3 &
data7} B1HE 49} 7] ATt ¥V} vlwd A
3}, quercetin®] C-3'9ll methoxyl7} Z 33}t isorhamnetin®]
data®} Z U X sle] 813HE 62 isorhamnetin 3-0-B-D-
glucopyranoside® 3}8H1-25 734 tt.

3I3HE 7] '"H-NMR spectrum 94| 313 49 sepetrum
I AL FAFSE quercetin 24 2] BIEA SHELS &
4 Jem, PC-NMR spectrum®= B2 7| 2|5l e
quercetin®l] ]38t peake} & YX|3ISITE. 12]aL § 1724 (C-
6"}t 8 76.7~71.8°1 4 e 570 9] peakE T3l T
glucuronic acid®]S & 4 gom, #3829} v sl
3}3HE 78 quercetin 3-O-B-D-glucuropyranoside® 73274
A3kt

3}3E 8 3k 'H-9} PC-NMR spectrumol| 4] B5-2 A
o)l 3HtE 49 719 FUsI Tk 'H-NMR spectrum
oA § 5.71 (1H, d, J=7.64 Hz, H-1")2} § 4.56 (1H, d,
J=17.28 Hz, H-1")o|A] B-form¢! 2 mole Tl 2|3t
anomeric proton®] #AZE10H, PC-NMR spectrumellA] 2
mole?] T2 68FF<l galactose2} 5 BFF<l xylosedS &
4= i), & xPe} v)wsle] 1 82 quercetin 3-O-
B-D-xylofuranosyl (1—> 2)-B-D-galactopyranoside® 72 “g 5}
ATh.
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Table II. The DPPH radical scavenging activity of the
isolated compounds from the Nelumbo nucifera leaves

Compound IC,, (ug/ml)®
1 36.16
2 >200
3 1.32
4 13.42
6 >200
9 >200
L-ascorbic acid” 2.17

“Concentration giving a 50% decrease of DPPH radical,
Mean (n=5)
PPositive control

3}3E 9= 'H-NMR spectrum®l| 4] § 8.11 (1H, s, H-8)
7 § 7.06 (1H, s, H-2)ollA] singlet peak 277} #=E0 0
™, "C-NMR spectrum®] A= & 156.3%1 4] purine 7| <]
NH,7} 1538l A= C-69] peak’t B350 3L benzene ring
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