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(aristolochic acid 1V, 5). Z5u4 kMR 11 (aristolic acid I, 6). HFAEM (debilic acid, 7). D ynid At |
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A new aristolochic acid derivative from Asarum himalaicum

XIE Bai-bo', SHANG Ming-ying", WANG Xuan', CAl Shao-ging"’, Kuo-hsiung LEE?

(1. Sate Key Laboratory of Natural and Biomimetic Drugs, School of Pharmacy, Peking University, Beijing 100191, China;
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Abstract: To study the chemical constituents of Asarum himalaicum, fifteen compounds were isolated
from a 70% ethanol extract by using a combination of various chromatographic techniques including column
chromatography over silica gel, Sephadex LH-20, and semi-preparative HPLC. By spectroscopic techniques
including *H NMR, ®C NMR, and HR-ESI-MS, these compounds were identified as 4-demethoxyaristolochic
acid BIl (1), aristolochic acid | (2), aristolochic acid la (3), 7-hydroxyaristolochic acid | (4), aristolochic acid IV
(5), aristalic acid 11 (6), debilic acid (7), aristololactam | (8), 9-hydroxyaristololactam | (9), 7-methoxyaristol olactam
IV (10), (29)-narigenin-5, 7-di-O-4-D-pyranosylglucoside (11), 4-hydroxybenzoic acid (12), 3, 4-dihydroxybenzoic
acid (13), 4-hydroxycinnamic acid (14), and p-sitosterol (15). All of these compounds (1-15) were obtained
from A. himalaicum for the first time. Among them, 1 was identified as a new compound, and compounds 3 — 6,
9, 12 — 14 were isolated from Asarum genus for the first time.  Since the kidney toxicity of aristolochic acids
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and aristololactams has been reported, the result of this investigation suggests that it should be cautioned to use

A. himalaicum as amedicine.

Key words: Asarum himalaicum; 4-demethoxyaristolochic acid Bl|; aristol ochic acids; aristol olactams

FLIH-4H 27 (Asarum himalaicum Hook. f. et Thoms.
ex Klotzsch.) 4 5S8R BHEY), 71 (0] 245 H] 8t
MFERACH S AT ], 20 TdE. Bvb . Hol
PO P X A e X S B4l . /K4
FA, MU, FEH T HIERIE . R
I T . ARBTG5 3, M st
WA RN, TEBRPE. HIl . DU)INEFEVEEEHLIX 254 i i
LRI AR, T0%LL o Al o (— R
a4 PR O AR B A E) . HET, 6 TRl R
FERAMEAL 2 10 R GEE TR WA IE o ik — 0 Kk
HERA AT w40 = 245 A ) B2 U, 1 ] LA 4 24
Ry TR, DR IR ] 24 22 AT 30, ANBFFO0) H
g0 70% LEEFEIIAL B HEATHESE, 4 B
B 15 MEEY), 2 BALE BONBOE B % TS
WEikg . &Y 1 s &9, aw 3~6. 9.
12~14 JE XA g oy e 2, i tes
/RS NE RGN L/ E E S

#ZR511E

a1, wekm R (TEE). EEKA 365 nm
(AN WAL 585 9. RAMGIEAE 227,
248, 318 fll 389 nm Abf AR, KL EH
JEH B AR 1525 il 1346 cm L Ak 119
SRIESE R G ) S5 AT RS SE A7 7R, 2 500~3 000 Fil
1685 cm t IHPURILEFHEM, LA - EER I R LAY
1 HAEMEIEREIZ . HR-ESI-MS At 70N
Ci16H1NOs (M2 298.063 7 [M+H] ", +151i: 298.064 3).
hitb o 7R AL A 1 AAE N 12, 3E—
LU AL A AR AR R B (N 12),
HNMR H A — M ARAE S 04.01(3H, s), ®A T
AR, W&y 1 MR (B YRIR)
KBz S50 E A — AN H AR R 12 T AR I
AR (6 4.01) AT, XA VAR BRI R 5L 1
FA S AN & BRI R 5L M I P AU (7 4 YRR TR
HIERSRTAE R, AR o (M AE 3.7 24, IR
e H B R (1 AR A WAL 5 Ak A R B A B
FIEAh . A3 ) SR IR AL A I S5 ke o 1o R
15 11, BEIEAE 1007, %08 A A4 0 25 - B2
S AL BURALE . AT TS 110 'H NMR

RI: FT155 69.09 (1H, dd, J = 8.0, 1.5 Hz). 7.55
(2H, m). 7.91 (1H, dd, J=8.0, 1.5 Hz) #1141 U4l
P, LAY 10 5,6, 7, 8- HBULEE, HA
FEERAESABN B o kA, (AW 110 TH NMR &4
1 9 7.61 (1H, br s, 2-H) F17.08 (1H, br s, 4-H) W4
W O-H T 7155 (0 8.27 (1H, s, 9-H)) U425 5%
PP TRTFAE S, FRXRA T 5 Ak T A7
BRI 5 & 75, FTUMEA ) 10 F AR U REEL
A 347 L5 Pk, (&) 1 g (8 1) %
g A-F= AR L T o441 Bl (4-demethoxyaristolochic
acid BIl), Xt —ASHeGY).

Figurel Structure of compound 1

AHIEFT I FLI 4 2 2345 10 T E SR R 2R AT A
Y (& ABEIEE), RIESEE8IR | (aristolochic acid |,
2). 4-F WA L Ty 44 1% BII (4-demethoxyaristol ochic
acid BIl, 1). HYU4&R 1R la (aristolochic acid la, 3). 7-F¢
B s 841 | (7-hydroxyaristolochic acid |, 4). 5 5044
% |1V (aristolochic acid IV, 5). & ¥4 VKR 11 (aristolic
acid Il, 6). A (debilicacid, 7). 5044 N Wi
| (aristololactam 1, 8). 9-F¥&J3& oy 4% N L% 1 (9-
hydroxyaristololactam |, 9) Fl 7- 1 44 Jk 15 Y #% Py I %
IV (7-methoxyaristololactam 1V, 10). iX 10 MLEW
M2kt i A3 %4y 8 mgkg L. Hd k& 2. 8 Hil
10 B EA T4 (HK-2) #2E s, Jf
HOA KEHREELEN D RERRINR S FEEN
B by i, DRI B 7 I DR A FH P Pt 4 = Y 1% (R
By 15 SOE 0 I

ETHAEY 8 M 1 e Ma-EEMY (A
longerhizomatosum R AIAR ZEM 10 AL maximum (1)
R4 AL canadensd L) )7 Alichangense 4x 718
A R, WO BLACA IX A OO R R RE A %8
GELY/lP S S NE %



+ 190 - Zj27 2% 4R  Acta Pharmaceutica Sinica 2011, 46 (2): 188- 192

1 NS

Bruker DRX 400 (% 1) F1INOVA-500 % (3% [H)
LRI, LA TMS 9 AR, ABI Q-STAR U R
L 5E ESI-MS, Bruker APEX IV FT JF i A 5&
HR-ESI-MS; Alltech - il £ 2 i OB AH (a4 (36
WA w]); FEAGE AR (200~300 H). i)z
FERE GFoss (5 S #FEAL T ); Sephadex LH-20
Pharmacia 2~ 7] 7= i, #5513 R 0 B2l

B 2 2 1 D T DY 114 L 2 s
(2006 4 6 H), JEE bt Kaf 252 B A 2524 5T
B E /DT HAT S D SRR B 4 (Asarum
himalaicum Hook. f. et Thoms. ex Klotzsch.) T4
A AR UEFR A RAE T A6 30 K 2 2 2% Bt 2F 24 24 AE 9
% (bRA5: 5542),
2 RESE

T A SR A T 22 kg, RIS 70% Ak 2
BE IR RIS 3K, Rk 2 h, G A IE, 9]
W 4T O, WE T K P e i 12 L, K
Y 20 L A7k (60~90 C). &fli. LMRAME. IE
TR, S5 193] 620 gRE, L 500 g 4ihE
A B o B, A1 Ik - R 20T - TRV TR R S
FEVEME, Fl# Sephadex LH-20 F: {034y B 4lifk, FL
e i SO AR s A Ab S 2 5 2 (10 mg). 7
(25mg). 8(15mg). 9 (13 mg) Al 15 (300 mg); L&
LPEER 7133 230 g 5 F, ML 50 g HEAT Ak (.35 4>
*‘, AT - IR G VL, Sephadex LH-20 A%

WA T, LT A i RO i AT B S

Y1(2mg). 3(3mg). 4(5mg). 5(3mg). 6(5mg).
10 (2mg). 12 (2 mg). 13 (1 mg)Fl 14 (3 mg); I T &
A3 ERE 530 g, HX 50 g LhE At ik o B,
e — /K45 359 11 (130 mg).
3 HHETE

wE™1 wELEEHRA (FE).ES-MS: mz
298 [M+H]*, 320 [M+Na]*; HR-ESI-MS: m/z 298.063 7
[M+H]" (calcd. 298.064 3). UV A nm: 227, 248,
318, 389; IR (KBr) cm ™ 3 479~2 590 (br d), 1 685,
1593, 1525, 1 346, 1 271, 1 041; *H NMR (DMSO-ds,
400 MHz) §: 10.76 (1H, s, -COOH), 9.09 (1H, dd, J =
8.0, 1.5 Hz, H-5), 8.27 (1H, s, H-9), 7.91 (1H, dd, J =
8.0, 1.5 Hz, H-8), 7.61 (1H, br s, H-2), 7.55 (2H, m,
H-6, 7), 7.08 (1H, br s, H-4), 4.01 (3H, s, -OCHy);
3C NMR (DM SO-ds, 100 MHz) §: 126.1 (C-1), 103.9
(C-2), 152.3 (C-3), 113.5 (C-4), 134.9 (C-4a), 122.3

(C-4b), 125.3 (C-5), 126.8 (C-6), 127.3 (C-7), 129.0
(C-8), 121.8 (C-8a), 120.4 (C-9), 148.9 (C-10), 135.3
(C-10a), 59.5 (-OCHjs), 168.6 (-COOH).

wEMm2 wElEEmRAR (TE).ES-MS m/z
342 [M+H]*; *"H NMR (DMSO-ds, 400 MHz) &: 8.60
(1H, d, J = 8.5 Hz, H-5), 8.55 (1H, s, H-9), 7.81 (1H, t,
J = 85 Hz, H-6), 7.80 (1H, s, H-2), 7.33 (1H, d, J =
85 Hz, H-7), 6.47 (2H, s, -OCH,O-), 4.04 (3H, s,
-OCH5); *C NMR (DMSO-ds, 100 MHz) &: 124.3
(C-1), 112.3 (C-2), 145.7 (C-3), 146.1 (C-4), 116.9
(C-4a), 129.9 (C-4b), 119.6 (C-5), 131.7 (C-6), 108.9
(C-7), 156.4 (C-8), 118.8 (C-8a), 118.5 (C-9), 146.1
(C-10), 117.3 (C-10a), 103.0 (-OCH,0-), 56.3 (-OCH),
167.8 (-COOH). LA I %4 15 SC kI 38 2 A — 5,
R A 384 5 00 Lt 5 SRR TR | AT TLC LX), &
IAERERS G EMR I (FA-F - =M AR 8: 21 1)
TR A RN A RS B A WUk A ) 2
W58 A B SR TR -1 (aristolochic acid 1)

e 3 wELEEHRK (TE). ES-MS
m/z 328 [M+H]*; *H NMR (DMSO-ds, 400 MHz) &:
13.04 (1H, s, -COOH), 8.58 (1H, s, H-9), 851 (1H, d,
J=8.0Hz H-5), 7.74 (1H, s, H-2), 7.70 (1H, t, J = 8.0
Hz, H-6), 7.20 (1H, d, J = 8.0 Hz, H-7), 6.46 (2H, s,
-OCH,0-) . L L ## b5 ek s — 8, H4id
TLC bR, th&W 3 SX S SRR la ik G
R b (E - - =oM% 8:2: 1) [F—fiHE
HAHFBE B S MAY 3 % h B fii-1a
(aristolochic acid 1a).

wEY 4 wEIIEERA (WEE). ESI-MS
m/z 358 [M+H]*; *H NMR (DMSO-ds, 400 MHz) &:
10.47 (1H, s, -COOH), 8.71 (1H, d, J = 8.4 Hz, H-5),
8.44 (1H, s, H-9), 7.73 (1H, s, H-2), 7.52 (1H, t, J = 8.4
Hz, H-6), 6.47 (2H, s, -OCH,0-), 3.98 (3H, s, -OCH).
DLt 5SRO RE 8, HS AT N 7R
JURTR-I TERENR G W2 | (E - F - =R LR
8:2:1) [F—frEAMFBERBRES. SibEW 4%
SEN T-FR L T A -1 (7-hydroxyaristolochic acid 1)

wEM5 wETEEHRAR (TE).ES-MS m/z
372 [M+H]*; *H NMR (DMSO-ds, 400 MHz) §: 8.52
(1H, s, H-9), 8.19 (1H, br s, H-5), 7.80 (1H, s, H-2),
7.02 (1H, br s, H-7), 6.49 (2H, s, -OCH,0-). LA I ¥
53 pRPE 8, AR G E R (G- -
IR 8121 1), thBW) 5 OIS SR TR-IV
FE R — A7 B T A R B R BE 05 U549 5 %2k
Ly R-1V (aristolochic acid 1V).

wEme wmEEEmAR (TEE).ES-MS m/z
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267 [M+H]*; *"H NMR (DMSO-ds, 400 MHz) &: 8.03
(1H, d, J = 8.0 Hz, H-5), 7.64 (1H, s, H-2), 7.36 (2H,
m, H-6, 7), 7.07 (1H, d, J = 8.0 Hz, H-8), 6.99 (1H, d,
J = 85 Hz, H-9), 6.66 (1H, d, J = 8.5 Hz, H-10), 6.46
(2H, s, -OCH,0-)» LA I ¥u#is 5 ScikP4pis —55, H5
Xof FE  SUAR IR IR-1I LA, B EREIR G Z R L
(F- - 9:2: 1) WAL 8 BoRA
FIEUE I BE m . L&Y 6 % 1 J B -1
(aristalic acid 1),

wEm7 wEILEEHRA (FE).ES-MS: mz
356 [M+H]*; '"H NMR (DMSO-ds, 400 MHz) §: 8.62
(1H, d, J = 8.0 Hz, H-5), 8.56 (1H, s, H-9), 7.83 (1H, t,
J=8.0Hz, H-6), 7.80 (1H, s, H-2), 7.35 (1H, d, J = 8.0
Hz, H-7), 6.48 (2H, s, -OCH,0-), 4.05 (3H, s, -OCHy),
2.53 (2H, s, -CH,COOH); *C NMR (DMSO-ds, 100
MHz) §: 132.3 (C-1), 114.6 (C-2), 148.4 (C-3), 148.1
(C-4), 119.2 (C-4a), 126.9 (C-4b), 120.9 (C-5), 134.0
(C-6), 111.3 (C-7), 158.8 (C-8), 121.2 (C-8a), 121.8
(C-9), 148.4 (C-10), 119.7 (C-10a), 105.4 (-OCH,0-),
58.7 (-OCHs), 170.1 (-COOH), 42.8 (-CH,COOH). Lk
K 5 SR E 8, S TR R AE
T G # )z b (Fi-H - =LK 8:2: 1) [A)
AL E A A R BB T MY 7 e AR
1% (debilic acid).

wEame wmEEEHhA (FEF).ES-MS: mz
294 [M+H]*, 609 [2M+Na]*; *H NMR (DM SO-ds, 500
MHz) §: 10.72 (1H, s, -NHCO-), 8.06 (1H, d, J = 8.0
Hz, H-5), 7.58 (1H, s, H-2), 7.46 (1H, t, J = 8.0 Hz,
H-6), 7.30 (1H, s, H-9), 7.15 (1H, d, J = 8.0 Hz, H-7),
6.43 (2H, s, -OCH,0-), 3.97 (3H, s, -OCHz); *C NMR
(DMSO-ds, 125 MHz) 6: 119.3 (C-1), 105.8 (C-2),
148.9 (C-3), 147.3 (C-4), 111.1 (C-4a), 124.9 (C-4b),
118.9 (C-5), 125.9 (C-6), 108.4 (C-7), 155.4 (C-8),
124.1 (C-8a), 98.1 (C-9), 134.8 (C-10), 125.1 (C-10a),
103.4 (-OCH,0-), 55.9 (-OCH,), 168.3 (-CONH-). LA
R SRR — 8, R G OMER | (R
fj-FEE 102 1), thor¥) 8 1E IR r ' Wor 50 i
LG HEAS I E-1 A TR EEA B i o SO 8 Y e R
oA Py I -1 (aristololactam 1)

wE™mo wmEIEEHRA (FE).ES-MS: mz
310 [M+H]*; *H NMR (DM SO-ds, 500 MHz) §: 10.00
(1H, s, -NHCO-), 8.20 (1H, d, J = 8.0 Hz, H-5), 7.79
(1H, s, H-2), 7.67 (1H, t, J = 8.0 Hz, H-6), 7.37 (1H, d,
J = 8.0 Hz, H-7), 6.51 (2H, s, -OCH,0-), 4.09 (3H, s,
-OCHs); °C NMR (DMSO-ds, 125 MHz) J: 116.8 (C-1),
107.1 (C-2), 149.2 (C-3), 148.2 (C-4), 120.5 (C-4a),
123.0 (C-4b), 120.0 (C-5), 127.9 (C-6), 110.2 (C-7),

157.8 (C-8), 110.9 (C-8a), 130.8 (C-9), 133.5 (C-10),
119.4 (C-10a), 103.3 (-OCH,0-), 56.8 (-OCH,), 167.9
(-CONH-). L 3 b5 ek i — 5, H500
fn O-FE L 1 YA N IR -1 (EREIR G EMR I (-
B - =9 LM 9:1:0.5) [ A& f AR HG
BERL. WMUAbEY 9 B h 9-FR AL YL Ik iz -1
(9-hydroxyaristolactam 1)

& 10 wEIEEm AR (). ES-MS
m/z 354 [M+H]"; 'H NMR (DMSO-ds, 500 MHz) &
10.69 (1H, s, -NHCO-), 7.88 (1H, s, H-5), 7.64 (1H,
s, H-2), 7.19 (1H, s H-9), 6.48 (2H, s, -OCH,O-),
3.95 (6H, s, -OCH3x2), 3.89 (3H, s, -OCHz); *C NMR
(DM SO-ds, 125 MHZ) J: 124.9 (C-1), 105.4 (C-2), 149.0
(C-3), 146.6 (C-4), 120.5 (C-4a), 123.0 (C-4b), 104.3
(C-5), 151.5 (C-6), 141.8 (C-7), 148.6 (C-8), 110.9
(C-8a), 98.1 (C-9), 133.8 (C-10), 119.4 (C-10a), 103.3
(-OCH,0-), 61.4 (-OCHs), 60.7 (-OCHs), 55.8 (-OCHs),
168.0 (-CONH-). LA I ¥tk 15 S kMHoE —5k, HAE
e G A B (F0-HEE 10 © 1) HxpE 7-H
S T YOS P BERZ -1V A R — 57 5 A AH 7] B € 1) BE
R WA ) 10 %5 O 7- VAU L SO Y BERE- 1V (7-
methoxyaristolactam 1V).

wEH 11 Atk HR AR (FEE). ESI-MS:
m/z 597 [M+H]"; 'H NMR (DMSO-ds, 400 MHz) §:
9.61 (1H, s, 4-OH), 7.34 (2H, d, J = 85 Hz, H-2, 6),
6.80 (2H, d, J = 8.5 Hz, H-3', 5'), 6.53 (1H, br s, H-8),
6.35 (1H, br s, H-6), 5.44 (1H, dd, J = 12.9, 2.1 Hz,
H-2), 5.01 (1H, d, J = 7.1Hz, H-1"-Glc), 4.83 (1H, d,
J = 7.1Hz, H-1"-Glc), 3.14 (1H, dd, J = 16.8, 12.9 Hz,
H-3b), 2.66 (1H, br d, J = 16.8 Hz, H-3a); *C NMR
(DM SO-dg, 100 MHz) d: 78.9 (C-2), 45.0 (C-3), 190.5
(C-4), 160.3 (C-5), 98.4 (C-6), 164.3 (C-7), 98.6 (C-8),
163.8 (C-9), 107.4 (C-10), 129.3 (C-1'), 128.8 (C-2, 6),
115.6 (C-3, 5), 158.2 (C-4'), 102.9 (C-1"-Glc), 73.5
(C-2"-Glc), 76.2 (C-3"-Glc), 70.1 (C-4"-Glc), 77.5 (C-
5"-Glc), 61.2 (C-6"-Glc), 99.7 (C-1"-Glc), 73.9 (C-2"-
Glc), 76.9 (C-3"-Glc), 70.3 (C-4"-Glc), 77.9 (C-5"-Glc),
61.4 (C-6"-Glc). LA %dhs 5 Ck®HiE 5, #ufk &
Y11 %52y (29)-Hh Bz #-5, 7--O-p-D- itk I 4 2 B
H ((29-naringenin 5, 7-di-O-4-D-pyranosylglucoside) .

wEW 12 Lk (FEE), mp 214~215 C,
ESI-MS: m/z 139 [M+H]*; *H NMR (DMSO-ds, 400
MHz) 6: 9.78 (1H, br s), 7.62 (2H, d, J = 8.4 Hz), 6.76
(2H, d, J= 8.4 Hz), LA ¥ 5 ScmkioiE — 5%, #tk
G 12 %58 h 4B FL SR (4-hydroxybenzoic acid).

wEY 13w IE B AR (HEE).ESI-MS:
m/z 155 [M+H]"; 'H NMR (DMSO-ds, 400 MHz) &:



+ 192 -

Zj27 2% 4R  Acta Pharmaceutica Sinica 2011, 46 (2): 188- 192

12.18 (1H, br ), 9.68 (1H, br ), 9.29 (1H, br ), 7.32
(1H, ), 7.27 (1H, d, J = 8.4 Hz), 6.76 (1H, d, J = 8.4
Hz). DL F%els 5 Sekie 00—, sk &9 13 %55
H 3, 4- " FEEHRR (3, 4-dihydroxybenzoic acid).

wEW 14 Lk (FEE), mp 210~213 C.

ESI-MS: m/z 165 [M+H]"; *H NMR (DMSO-ds, 400
MHz) ¢: 7.50 (2H, d, J = 8.4 Hz), 7.47 (1H, d, J = 15.6
Hz), 6.77 (2H, d, J = 8.4 Hz), 6.69 (1H, d, J = 15.6
Hz). DL 50 5 scpkPoais — s, b a4 14 %5
b 4-¥2FE A FERR  (4-hydroxycinnamic acid).

&M 15 AEE (F1)), mp 139~141 C.

2 TLC (Filf- LM 6 1 1) XM, RIS B4

[

}, MEY 15 %k - EE (B-sitosteral) .
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