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Chemical constituents in root tuber of Tetrastigma hemsleyanum and their
anti-oxidative activities
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Abstract: Objective To study the chemical compositions from the root tuber of Tetrastigma hemsleyanum and their anti-oxidative
activities. Methods The compounds were isolated by various column chromatography. Their structures were identified by
spectroscopic methods including "H-NMR, "*C-NMR, MS, HR-MS, etc. The anti-oxidative activities were evaluated by DPPH radical
scavenging assay. Results Fourteen compounds were isolated from the root tuber of 7. hemsleyanum, they were identified as
kaempferol (1), quercetin (2), salicylic acid (3), benzoic acid (4), oxyresveratrol (5), catechin (6), L-epicatechin (7), epigallocatechin
(8), procyanidin B, (9), procyanidin B; (10), 3-O-caffeoylquinic acid (11), protocatechualdehyde (12), p-hydroxybenzoic acid (13), and
protocatechuic acid (14). The anti-oxidative ICs, values of compounds 2, 8, 9, 10, and 12 were 14.15, 14.19, 15.99, 12.4, and 15.98
umol/L, respectively, better than the positive control Vit C (ICs, value was 23.0 pmol/L). Conclusion Compounds 4—12 are isolated
from 7. hemsleyanum for the first time. It has been demonstrated that the root tuber contain flavonoids and also is rich in organic acids.
Moreover, compounds 2, 8, 9, 10, and 12 have the certain prospects in the development of natural anti-oxidative agents.
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I T AR i b7 e bR . A seig gk ik
WG, X2 s dE— 0o, A1
80% F B E& I 73 B 19 31 14 MEEY), 7 nil %
F 25y (kaempferol, 1), HitZ 3% (quercetin, 2).
KR (salicylic acid, 3)+ ZF& (benzoic acid,
4). HMHAZEFEE (oxyresveratrol, 5). JLAH
(catechin, 6). X JLAZ (L-epicatechin, 7). ¥
T LA % (epigallocatechin, 8). JifbH %= B,
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Avance 500 B R HEILIR IS (45 [ Bruker 2
A]D: mictOTOF (& 73 #F 2 KATIN W) il A% (4 5]
Bruker /A 7] ); CPA225D BU-1-J5 03 2 — 43 Hr R (4
Sartorius 24 1) ); KQ-500E & Ul FH HE UL (B

T AR A R A F]D)s FY 135 AU sr 2 e pl
R 2R AR A R A F]D; DPPH (3£ [H Sigma
AT 4EER C XS R EE 2R e T
Be, fb'5 100425-201103); ZME A fikal (5[
MERCK A 7]); Milli-Q #4li/K4% (3£ [F Millipore
AFD, HARRAI N brat.

WEP R AR AR, SR R 2R
RS2 6 2 Y THE B s 4 S0 T e AR 2 O = B 5
BB Y8 ) =W )CHE Tetrastigma hemsleyanum
Diels et Gilg FJTEAE, A (SYQ20131201) 7
T AR A R 2R 2 2 Bt 2 I M b AR =
2 EMESE

TRkt 1 (2 kg), H 10 518 80% F IRl
FERC 3 WK, BRR 1 h, IR EASREE 1752 g,
FHHOKE PR B, K D101 KL B4 AR A (60
emX5.5cm) f7y, HAFEERE (10%. 30%.
70%- 95%) (M LBREREEEBENL, % 5 000 mL, W5
30%H11 95% L BEBE WAL IR A AL E 43 A 368
10.4 g, 95%IIEBA Lotk A (o e, A Yo IRk -6 1
Ll (10 2 1—0 1) BAREUEM, £ 200 mL gk 1
o 2 20~31 4l &40t Sephadex LH-20 #Efik
Bk R LD D R RS 1 (28 mg)
AL A 2 (12 mg), 30%UE M EB A7 2 ik AT (3%,
AR (50 0 1—1 1) B, TLC &
W, BIEEE 4 MR (Fr. 1~4), Fr. | SRERH
gk, TR RS EERL (50 D 120 : 1),
P& ODS #1 2 A4t R4l (ZM5-0.1%H
FRERFEVEDD) 5E 3 (15 mg). 4 (12 mg) Al
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Pi-FEE 10 D ARG & (216-0.1%T
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3 KT

& 1. kA, HR-ESI-MS m/z: 285.039 5
[M—H] (calcd. for CisH;0Og). 'H-NMR (400 MHz,
CD;0D) 6: 12.28 (1H, brs, H-5), 8.09 (2H, d, J = 9.0
Hz, H-2', 6'), 6.91 (2H, d, J = 9.0 Hz, H-3', 5'), 6.40
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(1H, d, J = 2.1 Hz, H-8), 6.18 (1H, d, J = 2.1 Hz,
H-6); “C-NMR (100 MHz, CD;OD) 6: 177.4 (C-4),
165.6 (C-7), 162.5 (C-5), 160.6 (C-4"), 158.3 (C-9),
148.1 (C-2), 137.2 (C-3), 130.7 (C-2'), 130.7 (C-6),
123.7 (C-1), 116.3 (C-3"), 116.3 (C-5'), 104.6 (C-10),
99.3 (C-6), 94.5 (C-8). LA %l 5 SRR I8 FE A —
H, WS 1 LA

&5y 2: HOk AR, HR-ESI-MS m/z: 301.034 7
[M—H] (calcd. for CisH;007). 'H-NMR (400 MHz,
CD;0D) 6: 12.49 (1H, s, H-5), 7.68 (1H, d, J = 2.2
Hz, H-2'), 7.54 (1H, dd, J = 7.9, 2.2 Hz, H-6"), 6.88
(1H, d, J = 8.5 Hz, H-5"), 6.40 (1H, d, J = 2.0 Hz,
H-8), 6.18 (1H, d, J = 2.0 Hz, H-6); *C-NMR (100
MHz, CD;OD) ¢: 175.9 (C-4), 163.9 (C-7), 160.7
(C-9), 156.2 (C-5), 147.7 (C-4'), 146.8 (C-2), 145.1
(C-3"), 135.8 (C-3), 122.0 (C-1"), 120.0 (C-6'), 115.6
(C-5"), 115.1 (C-2), 103.0 (C-10), 98.2 (C-6), 93.4
(C-8). LA L%dhs 5 semkap i A —5", ikt
G 2 Tt R

A 3: IRy, HR-ESI-MS m/z: 137.023 3
[M—H] (caled. for C;H¢O3). 'H-NMR (400 MHz,
CD;0D) 4: 7.85 (1H, dd, J = 8.0, 1.7 Hz, H-6), 7.45
(1H, ddd, J = 8.4, 7.2, 1.8 Hz, H-4), 6.90 (1H, ddd, J =
9.2, 8.4, 0.7 Hz, H-5), 6.87 (1H, dd, J = 8.1, 1.1 Hz,
H-3); "“C-NMR (100 MHz, CD;0D) 6: 173.5 (C-7),
163.2 (C-2), 136.6 (C-4), 131.5 (C-6), 120.0 (C-5),
118.1 (C-3), 113.9 (C-1)o LA % ¥ 15 ek s Fa A
— M, WM EAL S 3 KR

& 4 AERAR, HR-ESI-MS m/z: 121.028 5
[M—H] (caled. for C;HgO,). 'H-NMR (400 MHz,
CD;0D) 6: 8.02 (2H, m, H-2, 6), 7.57 (1H, m, H-4),
7.45 (2H, m, H-3, 5); "*C-NMR (100 MHz, CD;0D)
5: 169.8 (C-7), 134.0 (C-4), 131.9 (C-1), 130.7 (C-2,
6), 129.4 (C-3,5). LA F¥di 5 soikapa SeA—s,
WS EAY 4 HRTIR

EY 5. R A K, HR-ESI-MS m/z
243.065 1 [M—H] (caled. for C;sH1204). 'H-NMR
(400 MHz, CD;0D) 6: 7.32 (1H, d, J = 9.1 Hz, H-6),
7.26 (1H, d, J = 16.4 Hz, H-0), 6.81 (1H, d, J = 16.4
Hz, H-B), 6.44 (2H, d, J = 2.2 Hz, H-2', 6"), 6.32~
6.29 (2H, m, H-3, 5), 6.13 (1H, t, J = 2.2 Hz, H-4);
BC.NMR (100 MHz, CD;0OD) &: 159.6 (C-3', 5"),
159.2 (C-2), 157.3 (C-4), 142.2 (C-1'), 128.4 (C-0),

126.5 (C-B), 124.8 (C-6), 117.9 (C-1), 108.4 (C-5),
105.7 (C-2', 6'), 103.6 (C-3), 102.3 (C-4"). VL E¥i#i
5 cmiE S A 5, et 5 AL
P

A1) 6: FEERYA, HR-ESI-MS m/z: 289.071 2
[M—H] ™ (caled. for C;sH405). 'H-NMR (400 MHz,
CD;COCDs3) d: 6.81 (1H, brs, H-2'), 6.70 (1H, d, J =
8.1 Hz, H-5"), 6.67 (1H, dd, J = 1.6, 8.1 Hz, H-6"),
5.93 (1H, d, J= 1.8 Hz, H-8), 5.79 (1H, d, J= 1.6 Hz,
H-6), 4.47 (1H, d, J= 7.7 Hz, H-2), 3.81 (1H, m, H-3),
2.80 (1H, m, H-4a), 2.44 (1H, dd, J = 8.4, 16.0 Hz,
H-48); “C-NMR (100 MHz, CD;COCD;) J: 157.8
(C-7), 157.2 (C-5), 156.9 (C-9), 145.7 (C-3"), 145.7
(C-4"), 132.2 (C-1"), 120.1 (C-5"), 115.7 (C-6"), 115.3
(C-2"), 100.7 (C-10), 96.2 (C-6), 95.5 (C-8), 82.7
(C-2), 68.4 (C-3), 28.7 (C-4). LA L E 5 SCliRHRE
A5, WS 6 LIRS

&M 7: Bk K, HR-ESI-MS m/z: 289.071 0
[M—H] (calcd. for CisHi406). 'H-NMR (400 MHz,
CD;COCDs) 6: 7.03 (1H, brs, H-2'), 6.81 (1H, dd, J =
1.7, 8.2 Hz, H-6"), 6.76 (1H, d, J = 8.1 Hz, H-5"), 5.99
(1H, d, J= 1.9 Hz, H-8), 5.89 (1H, d, J = 1.6 Hz, H-6),
4.85 (1H, s, H-2), 4.18 (1H, d, J = 3.4 Hz, H-3), 2.80
(1H, m, H-4a), 2.71 (1H, dd, J = 2.6, 16.4 Hz, H-4p);
BC-NMR (100 MHz, CD;COCDs) 8: 157.6 (C-7),
157.6 (C-5), 157.2 (C-9), 145.4 (C-4'), 145.3 (C-3"),
132.3 (C-1"), 119.4 (C-5"), 115.5 (C-6'), 115.3 (C-2"),
99.8 (C-10), 96.2 (C-6), 95.7 (C-8), 79.5 (C-2), 67.0
(C-3),29.0 (C-4). LA_F-Hedfs 55 kIR i 3 A — 5,
W e 5 7T ARILIR S

&Y 8: KE kK, HR-ESI-MS m/z
305.065 5 [M—H] (caled. For C;sH407). 'H-NMR
(400 MHz, CD;0D) 8: 6.51 (2H, d, J = 0.4 Hz, H-2',
6'), 5.93 (1H, s, H-8), 5.91 (1H, s, H-6), 4.75 (1H, s,
H-2), 4.17 (1H, ddd, J = 4.6, 3.2, 1.4 Hz, H-3), 2.85
(1H, dd, J = 16.6, 4.6 Hz, H-4a), 2.73 (1H, dd, J =
16.9, 2.9 Hz, H-4b); C-NMR (100 MHz, CD;0D) 6t
158.0 (C-7), 157.6 (C-5), 157.3 (C-9), 146.7 (C-3, 5'),
133.6 (C-4"), 131.5 (C-1), 107.0 (C-2', 6'), 100.1
(C-10), 96.3 (C-6), 95.8 (C-8), 79.9 (C-2), 67.5 (C-3),
29.2 (C-4)o VAL Hdi 5 Sk i S A — 5, ik
TEWEY) 8 WREETILKRE.

EW 9: PRk K, HR-ESI-MS m/z
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577.134 8 [M—H] (calcd. for C3Hy012). 'H-NMR
(400 MHz, CD;0OD) 6: 7.09 (1H, brs, H-10'), 6.87
(1H, brs, H-10), 6.82 (2H, m, H-13, 14), 6.71 (2H, dd,
J = 8.2 Hz, H-14, 13'), 6.01 (1H, brs, H-8), 5.98 (1H,
brs, H-6), 5.96 (1H, s, H-6'), 5.09 (1H, brs, H-2), 4.96
(1H, s, H-2'), 4.72 (1H, brs, H-4), 4.29 (1H, brs, H-3"),
3.99 (1H, brs, H-3), 2.93 (1H, d, J = 16.4 Hz, H-40),
2.88 (1H, d, J=15.5 Hz, H-4"); "*C-NMR (100 MHz,
CD;0D) d: 158.5 (C-7), 159.3 (C-8a), 157.8 (C-5),
155.8 (C-5), 155.8 (C-7), 153.9 (C-8u'), 145.4
(C-11"), 145.4 (C-11), 1453 (C-12), 145.3 (C-12"),
131.9 (C-9), 131.9 (C-9"), 119.4 (C-14), 119.2 (C-14"),
1155 (C-13), 1155 (C-13"), 1153 (C-10), 115.0
(C-10"), 107.0 (C-8"), 100.7 (C-40), 100.5 (C-4a'),
96.5 (C-6'), 96.4 (C-6), 96.0 (C-8), 79.4 (C-2), 77.0
(C-2), 72.9 (C-3), 66.5 (C-3'), 37.0 (C-4), 29.0 (C-4").
DL ek A — 8, etk A 9
HEAETT % Bao

AW 10: PR Bk K, HR-ESI-MS m/z:
577.134 4 [M—H] (calcd. for C3Hy012). 'H-NMR
(400 MHz, CDs0D) 6: 6.96 (2H, brs, H-10, 10"), 6.73
(2H, d, J = 8.0 Hz, H-13, 14'), 6.70 (2H, d, J = 8.2 Hz,
H-14, 13"), 6.00 (1H, brs, H-8), 5.93 (2H, brs, H-6, 6'),
5.06 (1H, brs, H-2), 4.74 (1H, s, H-2'), 4.66 (1H, brs,
H-4), 4.04 (1H, s, H-3'), 3.95 (1H, d, J = 4.2 Hz, H-3),
2.59 (1H, d, J = 16.5 Hz, H-4"), 2.57 (1H, d, J = 16.4
Hz, H-40'); "C-NMR (100 MHz, CD;0D) 6: 157.8
(C-80), 157.7 (C-7), 156.0 (C-5'), 155.4 (C-7'),
155.4 (C-5), 153.0 (C-8a’), 145.5 (C-11'), 145.4
(C-11), 145.4 (C-127), 145.2 (C-12), 132.6 (C-9),
132.4 (C-9'), 119.5 (C-14), 119.4 (C-14"), 115.7
(C-13"), 115.5 (C-13), 115.4 (C-10), 114.7 (C-10"),
107.3 (C-8"), 101.4 (C-40), 101.1 (C-4a'), 97.0
(C-6"), 96.3 (C-6), 95.9 (C-8), 82.2 (C-2), 77.0
(C-2), 72.7 (C-3), 68.0 (C-3'), 36.9 (C-4), 29.2
(C-4")o LA H0s 5 SClkaRas i ik A — 510, %
EA AW 10 N EIET % Bro

&) 11: Ak A, HR-ESI-MS m/z: 353.086 9
[M—H] (caled. for C6His05). 'H-NMR (400 MHz,
CD;0D) 6: 7.56 (1H, d, J = 15.9 Hz, H-7'), 7.05 (1H,
d, J = 2.0 Hz, H-2), 6.96 (1H, dd, J = 8.2, 2.0 Hz,
H-6'), 6.78 (1H, d, J = 8.2 Hz, H-5"), 6.26 (1H, d, J =
15.9 Hz, H-8"), 5.33 (1H, m, H-3), 4.17 (1H, m, H-5),

3.73 (1H, dd, J = 8.4, 3.2 Hz, H-4), 1.99~2.25 (4H,
m, H-2a, 2b, 6a, 6b); "*C-NMR (100 MHz, CD;0D) ¢:
177.0 (C-7), 168.6 (C-9'), 149.6 (C-4'), 147.1 (C-7"),
146.8 (C-3"), 127.7 (C-6), 123.0 (C-1'), 116.5 (C-5"),
115.2 (C-8'), 115.2 (C-2"), 76.1 (C-1), 73.4 (C-4), 72.0
(C-3), 71.3 (C-5), 38.8 (C-6), 38.2 (C-2). LA ¥k
SCERIRE A — 8T, MRS 10 N SRR

& 12 KABHAK, HR-ESI-MS m/z
137.023 7 [M—H] (caled. for C;HqO;). 'H-NMR
(400 MHz, CD;0D) §: 7.31 (1H, dd, J = 8.5, 2.0 Hz,
H-6), 7.30 (1H, d, J = 1.7 Hz, H-2), 9.69 (1H, s, H-7),
6.91 (1H, d, J = 8.3 Hz, H-5); "*C-NMR (100 MHz,
CD;OD) §: 191.7 (C-7), 152.3 (C-3), 145.8 (C-4),
129.4 (C-1), 125.0 (C-6), 114.8 (C-5), 113.9 (C-2). LA
R HE S SRR A Y, R A 12
N JE LA

&4 13: AEHAR, HR-ESI-MS m/z: 137.023 5
[M—H] (caled. for C;HgO3). 'H-NMR (400 MHz,
CD;0D) 6: 7.88 (2H, d, J = 8.8 Hz, H-2, 6), 6.82 (2H,
d, J=8.8 Hz, H-3, 5); “C-NMR (CD;0OD, 100 MHz)
5: 170.1 (C-7), 163.3 (C-4), 133.0 (C-2, 6), 122.6
(C-1), 116.0 (C-3, 5)o LA L%l 15 SClR R IE F A —
#O, W A 13 A IR R

WA 14: AERA, HR-ESI-MS m/z: 153.018 0
[M—H] (caled. for CHO4). 'H-NMR (400 MHz,
CD;0D) d: 7.44 (1H, brs, H-2), 7.42 (1H, dd J=138238,
2.1 Hz, H-6), 6.8 (1H, d, J = 7.6 Hz, H-5); “C-NMR
(100 MHz, CD;0D) 6: 170.2 (C-7), 151.5 (C-4), 146.0
(C-3), 123.9 (C-6), 123.1 (C-1), 117.7 (C-2), 115.7
(C-5)o VA%t 55 Sk s A — 5™, e fh
G 14 LA
4 ImEMNEEHRR

2 I SCHRARE 10 S 36 7 VR PO T IS 24 ek, RS
HERRHGE E DPPH, F FBERCHL 50 pg/mL, &G
o B BRAARE it R RS R VIS, & 10 pL
BIA 790 uL DPPH ¥ T~ EP B R4, #EG R Y
30 min. SV SR G, 3L RUREEEL 200 ul SNV
BT 96 LI (n=3), T 517 nm PSS
JCHE (4 fHo RN IE S A AR, B 10 uL
F 5571 55 790 uL DPPH ¥ 900TE &5 1) A {8, BA K
T 5E SAHEE 200 pl 18 Ay (8, REAKREEL N
E 3 WA HENERRE, LUGERFNIALER
(V), AWK ABASE (XD BTN,
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LSRR S0%I RHl AR AR (ICso) PP e
b, DAYEAZZR C W FHPEXS I . dB 7 rf 18 Fofr ffk

HEDPUAMNTE S R WK 1,
ERE=1—(4,—A)/(A.—Ay)

F1 TP 18 MULSYIRINERBREFEMEENER

Table 1 Determination of 18 compounds from root tubers of T. hemsleyanum on in vitro scavenging free radical of DPPH

&Y A/ (umol-L 7Y g r ICs¢/(umol-L™")
1 5.31~31.86 Y=-0.050 5 X+0.770 5 0.999 3 26.84

2 3.82~19.08 Y=-0.087 1 X+0.759 0 0.996 5 14.15

3 — — — >1.16X10°
4 — — — >2.58%10°
5 6.58~65.78 Y=-0.034 6 X+0.738 5 0.995 7 43.81

6 6.58~32.89 Y=-0.038 3 X+0.700 7 0.996 0 31.18

7 6.58~32.89 Y=-0.050 0 X+0.723 5 0.995 6 24.22

8 5.17~25.83 Y=-0.080 4 X+0.717 6 0.996 1 14.19

9 3.29~16.45 Y=-0.036 6 X+0.683 5 0.998 0 15.99
10 2.72~13.62 Y=-0.051 0 X+0.746 4 0.996 1 12.40
1 4.73~47.30 Y=-0.0357 X+0.771 7 0.997 3 29.63
12 7.24~24.25 Y=-0.169 6 X+0.761 9 0.993 7 15.98
13 — — — >242%X10°
14 11.69~58.43 Y=-0.065 5 X+0.748 3 0.991 7 36.06
T 3.29~32.90 Y=-0.024 8 X+0.744 7 0.998 5 2431
SR 3.29~26.31 Y=-0.043 9 X+0.733 9 0.993 3 18.50
L5 1y-3-0-2E B RH T — — — >1.05X10°
KR IFF — — — >1.05%X10°
HEE C 5.85~29.24 Y=-0.095 6 X+0.770 2 0.999 3 23.00
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