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# E: B RAWEWERSSEN IR G SRS B Veratrum virid FIZEF V. nigrum TR AR ZE MBI w5
Boy. FiE FIRAZ PR ARIET o S aith . @i AR HE AR B AT E WS E . SR NV virid [P EER
R4y 85453 10 AMEEYD, 47994 %€ A rubivirine-3-0-B-glucopyranoside (1) veratrosine (2. veratramine (3 )+ pseudojervine
(4). rubivirine (5). resveratrol 3,4"-0,0'-di-B-D-glucopyranoside (6). mulberroside A (7). resveratrol 4'-O-B-D-glucopyranoside
(8). resveratrol 3-O-B-D-glucopyranoside (9). oxyresveratrol-2-O-B-D-glucopyranoside (10); AMZF (1] H B + 53 8515
2 9 MEAEYD, 737458 N veratrosine (2). veratramine (3) pseudojervine (4). rubivirine (5)+ verussurinine (11). veralosidine
(12). jervine (13). y-chaconine (14). germidine (15). Z&if HAFILAEY 1~5. 11~15 NEKREDHRILEY, 6~10
NIRCIFEREGY . WEW 1 AFI SR EMBRNEY: ED 5~10. 14 N E RN ZBHEY 25538 RAAT
P EUEIEM AW BB, SREREY 14 KB A Rk b A e 2 Bk AR A B A e, B ek
(ICs0) 439N 4.11 19.8 pg/mL. I HALEY) 14 78 100 pmol/L 3K FE T X 4 Bk A8 40 &5 AS B A s 1k
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Chemical constituents and antifungal activity from two Veratrum plants

YU Qian, WEN Ding-sheng, TI Hui-hui
School of Clinical Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006, China

Abstract: Objective To study the antifungal compounds from the roots and rhizomes of Veratrum virid and V. nigrum by using the
method of bioassay-guided isolation. Methods Various column chromatographic techniques were used for isolation and
purification from the roots and rhizomes of V. virid and V. nigrum, and the structures of the compounds were identified on the basis of
spectroscopic data. Results Ten compounds were isolated from the MeOH extract of the roots and rhizomes of V. virid, and the
structures were identified as rubivirine-3-O-B-glucopyranoside (1), veratrosine (2), veratramine (3), pseudojervine (4), rubivirine (5),
resveratrol 3,4-0,0'-di-B-D-glucopyranoside (6), mulberroside A (7), resveratrol 4'-O-B-D-glucopyranoside (8), resveratrol
3-0-B-D-glucopyranoside (9), and oxyresveratrol-2-O-f-D-glucopyranoside (10); And nine compounds were isolated from the
MeOH extract of the roots and rhizomes of V. nigrum, and the structures were identified as veratrosine (2), veratramine (3), pseudojervine
(4), rubivirine (5), verussurinine (11), veralosidine (12), jervine (13), y-chaconine (14), and germidine (15). Conclusion Among them,
compounds 1—S5, 11—15 are steroidal alkaloids, compounds 6—10 are stilbene glycosides. Compound 1 is a new compound,
compounds 5—10, 14 are firstly isolated from the genus Veratrum. Moreover, the antifungal activity of compounds 1—15 are tested
and evaluated by the CLSI disk diffusion method. Compound 14 displays potent antifungal activity against Canidia neoformans and
C. krusei with ICso values of 4.1 pg/mL and 19.8 pg/mL, respectively. And compound 14 shows no cytotoxicity against these four
human cancer cell lines at 100 pmol/L.
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Veratrum virid Alt. M1ZE 7 Veratrum nigrum 1.3
NHE G FH Liliaceae ) 221 J& Veratrum LAEY). V. virid
FEAGEALSE, WO R I, H AT ICH
RICERIRIE: B4 N BE . ILWA, ZHEAR
EARMEY), HEOENEE, ERE &I ARl
MR S, PEYE, AR, HMF M. Ba. A
2y 7 ST B (AR B TR EL, Tl
WHHARE R TERIEE . R I IR,
R TRIT R AR ZE . W Al BORSE, SR
W IE s (A 25704 ) T id 3O B K
fErE . SRITRE. SR B R A G R
FFE 4 25 FUE Y (cevine type). A ZE ) G Y
(jervine type) AHIXHHA (solanidine type) F4EZE
PR (verazine type) B, X ZRAWIHREAR Y2
TEPEALE 2 AR BN, AnUMR . R BT
TARE WSRO ) I SFS0), B R A
() E R 9 AR, SRREE RO, AT
FANRIUAS [F] B, B M A 2 FhEE R AL
BRI R R, X 2 B e e — 2 I KA
SRRl AR

FEPLRBEIEIEAR T N, W2 @ V. virid F
RSSO HEAT TS By OB TS, 7r A3 5
M SIRAETIAL SR 5 A R O E RS
Wy, 43 A% % N rubivirine-3-O-B-glucopyranoside
(1) veratrosine (2). veratramine (3). pseudojervine
( 4 ) . rubivirine (5 ) . resveratrol 3,4-0,0'-
di-B-D-glucopyranoside (6). mulberroside A (7).
resveratrol 4’-O-B-D-glucopyranoside (8). resveratrol
3-O-B-D-glucopyranoside (9). oxyresveratrol-2-O-
B-D-glucopyranoside (10). HALEY) 1 LA
Yy, fw4 K virinidine; L&) 5~10 AH RN ZE
YT BT E . PR R AIREY, X 10 ML
SV H A B A NG, o Bk i
(ICso) {HFIKT 20 pg/mL.

[FI, AURECRH] “BRISHIT” W77k S 2
PR R R AR . AN R T U
P PR A, b ST E X R AR B BR R Canidia
neoformans ATCC 90113 My EERE C. krusei
ATCC6258 # A BRHIFNHIEIE, ICso HI/NT 8
pg/mL. AVRBIEFERNZ AU HiR, ME0E
AT RGBT . N B R T 9 /NS
WAV G, DAEEN 2. 3. 4. 5.

verussurinine (11). veralosidine (12). jervine (13).

y-chaconine (14). germidine (15). HF &Y 5
14 NEXRMNZEEDTEE]. RAL T #0E
T SIS &, SREREAEY 14 X
A BB B R o 2 S B TR L A A R A
ICso 43N 4.1+ 19.8 pg/mL. Ff H7E 100 pmol/L ¥
JERXF 4 #R R A0 B A AN B A S

1 {UEEHH

Bruker Advance DPX-400 ZYi#E S 4% i L HRAN
(#5[E Bruker /A7 ); Perkin Elmer spectrum 100
FT-IR ZLAM6E 4 (36 E Perkin Elmer 2 #]);
Hewlett-Packard HP-8453 R4 a] W6 Y 1A &
(3£ [E Hewlett-Packard A~ 7)); AEEAIEIERL: IEAIRER
(230~400 H, %E Baker AF); AHIEZT MK
(RP1s, 40 pm, 32[E Baker A F]); #2015 IFAHRE
FENARIR Fase (230~400 H, %[ Baker A#]);
RP1s F254S SAHHZRER NI (FEE Merck 2
"]D; EEFIAMALAR . MH BT G5 i
Vs Zial T AL RIZZEDIH AT MEM
Rigedt. JaeiiE (EHE Gibeo AF); EAALIRES
7 (HA Sanyo A #]); ZUReREir I (EH
Thermo A ]); {882 EMEE (HA Olympus 2
AD; MTT (BB AR ARD; WEER B
(10 mg, #t'5 1397-89-3), PIE 2 (10 mg, fit5
246-818-3), [ Sigma A,

P B V. virid Alt. TEBEINAFEETE, 245
M E BTG LR F RN NER e, TR A
(NP No.81927) f7J87E 3% [E % 75 74 b K% [ R A8
FEVIRIE T 0 o ZEFRE ST 2017 4F 4 AT 22305
iR BIR AR, AF= S 140422, &%
B R 2 R 2B ST S S N a GRS 8
TYEEF V. nigrum L., FEIEFRA (131579) fFITE
T RAIRLRE

HEEk: A &KW C albicans ATCC
90028). Y =¥k C. glabrata ATCC 90030 7.5%
IR C. krusei ATCC 6258 5 1% Aspergillus
fumigatus ATCC 90906 FIHT A= F2EKE C. neoformans
ATCC 90113, 3 [ % it i b K 242 it

IR gn . A BE 2% SK-MEL 4ifg. A i
T KB 40 AFLIRE BT-549 4Hff, AOPE
Ji SK-OV-3 2 i B 55 [ % 78 14 b oK 4 it
2 RESSE

PS5 JEAEW V., virid (500 g) I HEEAE =00 TR
B E 3 vk, BRXAEA 5 L HEESREL 12 h, &IF4R
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B, 75 40 C R FUERAE IR E , 132 H i
PR . I BEARIGH AL AL BRERBE 1 1Cso A
1.5 pg/mL. 4 FEESEHGHAL (4.0 g) @ik HP-20 £
OB, FIFEE-/K (10 0 0—0: 10) BAREEHEM,
SRR AN 6 AN (Fr. A~F). H Fr. B
(704 mg) 2 AHRERFE (L 7 5, HEE-K (2!
8—10: 0) BEEEPEME, LEEEERNAI N 6 A
W4 (Fr.2A~2F). Fr.2C (1759 mg) &Mt
R FE 43 85, FH ZBE-7K (1 9—2 1 8) B SEVE I,
BEN1E9 6 (37.6 mg) A1 7 (8.5 mg). Fr. 2D (56.5
mg) LA E, HEO-HEE (5153
1 BEEEGENL, S211E% 8 (5mg). Fr.D (1.7 g)
SRERAE OG5, SU-HEE (61 14 1 1) B
Belbi, L2 EERNEH N 4 M (Fro 3A~
3D). Fr. 3B (432.7 mg) SrERFEEIES S, & 1i-
FEEREE VRN (51531 1), BRLEY 1 (6.1
mg). 3 (6.7mg). 4 (2.5mg). 5 (23.3 mg). Fr. 3C
(332.6 mg) & AHRERAE (i 52, F HEE-7K (6
4—10 : 0) BREEVENL, HEMLEY 2 (20.8 mg) Al
9 (29 mg). Fr.3D (138.8 mg) £ JMRERH: (il
3B, FHHEL-K (6:4—10:0) BREEWED, 153
&Y 10 (67.3 mg).

P T R ZE 465.8 g, FyRE, W EEAE SRR
NERBHEE 2 K, BRIXAEH 4.6 L FEESEEL 12 h,
HIFIEER, 7F 40 CHIREE FEIRA IR E
SRR 45 g. HEERISEEAIINN 5%
FIRIEM CHARMAE 1125 ), JEd, IR (7
HIRZE HCEEIRE 3 Ik (LBE. 3ERELE1N 0.5
D, &I, wWERE, 58ZE (3.1 g). A
50%MZ /K pH 10, FHSEDIZEEL 3 WA Mi-IER
(1:D ], GIFEME, kR, [8 02 (1.5
2o JEEFIE T EEAREHL 3 K[IE TEE-98 (12 D) 1,
GHIETEZ, WUEFY, FIETEE 242, H
FESEY). CWEZE . EiE I TELE 2 5t
HRIETE, 8RR EoR, S0 B A MR |
TR A A B BRE I, 1Cso [H BN T
8 ng/mL. AMREEFEE N H AR, X502
BT RG A E R 8, AR R IR SR P B i
MAL &Y. BEATEAL (1.5 ) it ARG
B, LK (01100100 : 0) PEALETR, L2
K& 359 12 N4> (Fro A'~L)D . Hiiisy Fr. B/
A Fr. C'HIHIH AEBEERBE 1) ICs /N T 0.8
pg/mL. Fr. B’ (30.4 mg) Ml Fr.C' (752 mg) &7

SRR AR, F-HEE (98 1270 130D
BEEEVENL, W ZNA IR 11 N5 (Fr.2A~
2K"), HoAt Fr. 204664 3(7.4 mg) . Fr. 2K'(200.5
mg) IR EIE SR, JAi-FEE (9158
D BEFEBEINL, 2 AN E N 7 AN (Fr. 3A'~
3G"), s Fr. 3E'EELE FERAEY 5 (5.2
mg). Fr.1' (450.8 mg) 5 Fr.J’ (447.7 mg) &Il
HRERAE SIS B, S -FHEE (98 1257 1 3) B
FEVENL, £ A& IA 10 M (Fr.
4A'~4]") . 53 Fr. 4D'(11.1 mg). Fr. 4E'(25.7 mg)-
Fr. 4F' (143 mg). Al Fr. 4G’ (24.4 mg) il R
FEOE2 B (50 emX 1.5 cm, 25.0 g), F&)-H
BEREEEVEML (9 1 16 © 4), BEI1L &4 12 (2.8 mg)
113 (3.4 mg). Fr. 2K’ (548.3) JHiLRERHE (il
3B (60 ecmX3 cm, 50.0 g), HEAG-FHEE (9:
1—6 © 4) BREETML, 2 E OIEIE A 74N
43 (Fr. SA'~5G"), &3 Fr. 5F'(21.2). Fr. 5G'(22.8)
Al Fr. SH' (137.0) @A GRE S5, S 4h-F
iz (98 128 :2) BAEEUEML, £ Eigtila It
N9 AN (Fr. 6A'~6N"). Hiiis): Fr. 6B L&
Y2 (4mg), Fr. 6FAELMREEY 11 (7.5 mg)
115 (5.6 mg). &7 Fr. 6K’ (16.4 mg) Al Fr. 6L’ (40.7
mg), IS RERAE IS B, Sh-FEE (911581 2)
BEEEVERL, H21MLEY) 4 (5.8 mg) Al14 (3.1mg).
3 “#EE

ED 1. AR, BB N 2 H M,
ESI-MS B/ HAES> 7B U8 m/z 592 [M+H]',
R ZALEW AR TSN 591 4G H
HR-ESI-MS %5 H i) [M+H]'WE m/z 592.391 1 GiHE
fH 592384 4), W LAHE ZMEDHI 5+ XA
C3:Hs:NOg, AHIAFEE A 8. UV AT (nm): 250
(3.50); IR vio (cm™): 3360, 1630, 1060 MU &7~ 45
P A F2 R XU A7 LE

b4 1 48 TH-NMR (400 MHz, CD;0D) i
EREA 3 ANHIEEES ou 0.88 (d, J = 6.6
Hz), 0.98 (s) 1 1.05 (d, J= 6.6 Hz); 4 NEE R 15
5 0u 3.49 (dd, J= 4.3, 7.7 Hz), 3.51 (m), 3.67 (d, J =
10.0 Hz), 3.70 (d, J=10.0 Hz); 1 NFF P R T15
5 ou 5.31 (brs). *C-NMR (100 MHz, CD;OD) #1
DEPT i Bon b &9 1 24 33 AN, 73R
N3 AR, 11N R AR 16 AN BRI 3
AN (R Do EARRHI XA DO SR 1 AR
A5 5 dc 122.5 (C), 142.1 (CH): 1 A& M ITRAS
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#£1 L&YW 18 '"H-NMR F1 BC-NMR #1E (400/100MHz, CD30D)
Table 1 'H-NMR and '3C-NMR data of compound 1 (400/100MHz, CD30D)

{0 du dc  DEPT | FHifu dn dc__ DEPT
1 1.77 (m), 1.11 (m) 385  CHy | 18 370 (d,J=10.0 Hz),3.67 (d,J= 100 Hz) 627 CHa
2 1.53(m), 1.24 (m) 300 CHy | 19 0.98 (s) 198 CHs
3 351 (m) 797 CH | 20 1.88 (m) 371 CH:
4 249(t,J=105 Hz), 397  CH: | 21 0.88 (d, J = 6.6 Hz) 186  CH;

2.35(dd, J = 4.0, 10.5 Hz)

5 142.1 C 22 2.57 (t,J=10.5 Hz) 75.7 CH
6 531 (brs) 1225 CH | 23 2.94 (m) 290 CH:

7  1.60 (2H, m) 30.6 CHz 24 2.03 (m) 33.0 CHz

8 148 (m) 316 CH | 25 1.88 (m) 327 CH

9 1.03(m) 516 CH | 26 3.8 (dd, J = 4.0, 11.0 Hz), 573 CH
10 38.0 C 2.24 (dd,J=4.0, 11.0 Hz)
11 1.80 (m), 1.03 (m) 325  CH | 27 1.05 (d, J = 6.6 Hz) 188  CH;
12 3.49(dd,J=4.3,7.7 Hz) 71.8 CH 1 439 (d,J=17.8 Hz) 1024 CH
13 46.2 C 2 3.31 (m) 75.1 CH
14 156 (m) 499 CH | 3 3.45 (m) 780 CH
15 1.64 (m) 22 CH | 4 3.29 (m) 705 CH
16 198 (m) 61.7 CH 5 3.33 (m) 77.8 CH
17 1.54 (m) 578 CH | ¢ 3.74(d,J=11.0Hz),3.67(d,J=11.0Hz) 628 CHa

5 8¢ 102.4 (CH), 75.1 (CH), 78.0 (CH), 70.5 (CH),
77.8 (CH), 62.8 (CHa); 3 MME RS 5 dc 79.7 (CH),
71.8 (CH), 62.7 (CHz); 3 MMERKGES dc 75.7
(CH), 61.7 (CH), 57.3 (CH2); {Em¥al AMLEEH] 3
N EBRES oc 19.8 (CH3), 18.8 (CHs), 18.6
(CHa3). J#id HSQC 1M %2 2] 61 4.39 (d, J= 7.8 Hz)
5 6¢ 102.4 FEEAH DG, e H O 21 s o 58 0 715
St EY 1 Houik sy 'H-A1 BC-NMR ##i A
14L& W) rubivirine A5 ELI3), B HFF OG5 1A
rubivirine .

MALE 1 Pt —PEd 'H-'H
COSY #1 HMBC i fIfEtr 15 LAifiih . 'H-"H COSY
i P %23 H-1/H-2/H3, H-6/H-7/H-8, H-11/H-12,
H-14/H-15/H-16, H-17/H-20/H-22, H-23/H-24/H-25

OH

0 0
I'I()/ﬁ\&/
HO j

OH

= 1H-'H COSY

/7 N HMBC

| ‘_;.\.5 ] Y-
A ‘{ j 121} EJ

TE(ERR (& 1). HMBC &9 a] AW ELE] Me-19
5 C-5. C-10. C-1 fF#EMHK; Me-21 5 C-17. C-18
M Me27 5 C-26. C-24. C-25 TREMIK,
XA UG UE S T & H B B0 B s R, HMBC
b H-12 5 C-9. C-11. C-13 fE{EAH%, H-18 5
C-13 fAAEAHDG, WESE TALEY 1 HIGH 1 2 1M
F LT C-12 fil C-18 | b4k, H-6 5 C-5. C-7.
C-8. C-10 fE{EAHRFR XN T C-5. C-6 Z [,
NT NG 1 BSR4, BULEY)
2 mg %4 2 mol/L HC1 /Kfi#, IR/ S AnviEnE Il 2
G3HT, BRE FTIERE R R RIS . REK RS (R R g
ITRTHEAL, ST HATA =Y, ShaderE B-D-
HETRE BT AE AT R BE IR TR EAT BN, e B
N D-Fi%&iBE. fF HMBC it (W 1) ., mEm T

=

I“;

—~

o " Y
F\a /) s
SO

R

y~ '\ NOESY

1 £&4 18958 'H-"H COSY. HMBC. NOESY XS
Fig. 1 Key '"H-'H COSY, HMBC and NOESY correlations for compound 1
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(64.39) AHFILHI C-3 (679.7) HimfEML, K
A PEELE 3 A, THNMR ™, A 5L 5 1 48
HHEN 7.8 Hz, FRUIHA RNy B8] %1 B 5
A1 AR FI B8 H-4 1 H e A2
HMINOESY % (Bl 1) RINLAHE . H-4B (2.49,t,J =
10.5 Hy) AR ER S N=HE, B Lp~
Jagaps FEH Jaaap=10.5 Hz NEIRE WS,
R, J348 =10.5 Hz NAHAR A4 T B 78
(Jax-ax) FAERMES, ATOAEN H H-3 4 o 1973,
C-3 3N B ML, [HI, 7F NOESY i H-3 5
H-do LK H-4B 5 Me-19 #H3%, {E5LT Me-19 4 B
%, H-4o 5 H-9. H-12 5 H-9 fl Me-21. H-22 5
Me-21. H-22 5 Me-27 [FJ#HE, ESET H-9. H-12.
H-22. Me-21 fll Me-27 4 o #4754, C-12 [RFRFEN B 14
B, AU EEE, AP 1 L5 %8N rubivirine-
3-O-B-glucopyranoside . £ 14 WL 2. H4E SciFinder
Scholar HEFE %, HELAEY) 1 FANAEDD

OH:

OH
O O
HO&W
HO OH

2 WEYI1EN
Fig. 2 Structure of compound 1

WEY 2. BEMAR: BULBREH SN 5 A1
ESI-MS m/z: 572 [M+H]*; 'H-NMR (400 MHz,
CDsOD) ¢: 7.20 (1H, d, J= 7.5 Hz, H-16), 7.11 (1H,
d, J="1.5 Hz, H-15), 5.51 (1H, brd, J = 4.0 Hz, H-6),
2.33 (3H, s, H-18), 1.43 (3H, d, J = 7.0 Hz, H-21),
1.14 (3H, s, H-19), 0.94 (3H, d, J = 6.5 Hz, H-27);
BC-NMR (100 MHz, CD;0D) d: 146.0 (C-5), 145.1
(C-14), 144.1 (C-17), 138.8 (C-12), 1344 (C-13),
126.9 (C-16), 123.5 (C-6), 122.0 (C-15), 102.9 (C-1"),
78.3 (C-3"), 77.3 (C-5"), 75.5 (C-2"), 70.2 (C-3), 69.6
(C-23), 69.4 (C-4"), 67.8 (C-22), 63.1 (C-6"), 59.0 (C-9),
53.1 (C-26), 43.6 (C-24), 42.9 (C-8), 39.7 (C-1), 39.2
(C-4), 364 (C-10), 31.9 (C-7, 25), 31.4 (C-20), 30.8
(C-11), 29.6 (C-2), 21.4 (C-21), 19.0 (C-19, 27), 16.6
(C-18)o LA il 55 3Cifont AR A — S0, #i el
¥ 2 2N veratrosine .

WaE? 3. BEmAR; BULBREE SN 2 A1
ESI-MS m/z: 410 [M+H]"; 'H-NMR (400 MHz,

CD;OD) &: 7.09 (1H, d, J = 7.5 Hz, H-16), 7.05 (1H,
d, J="1.5 Hz, H-15), 5.50 (1H, brd, J = 4.0 Hz, H-6),
2.35 (3H, s, H-18), 1.45 (3H, d, J = 7.0 Hz, H-21),
1.15 (3H, s, H-19), 0.97 (3H, d, J = 6.5 Hz, H-27);
13C-NMR (100 MHz, CD;OD) 6: 145.1 (C-17), 1433
(C-14), 142.7 (C-5), 141.7 (C-12), 132.6 (C-13), 125.0
(C-16), 121.3 (C-6), 120.4 (C-15), 724 (C-3), 69.6
(C-23), 66.8 (C-22), 57.3 (C-9), 50.7 (C-26), 41.2 (C-24,
8), 41.1 (C-4), 37.8 (C-1, 10), 36.6 (C-20), 34.2 (C-25),
30.6 (C-7), 30.0 (C-11), 29.8 (C-2), 22.3 (C-21), 19.5
(C-19), 18.2 (C-27), 16.9 (C-18). LA L-Hds 5 Cihxt i
FEAR—E, M5 3 4 veratramine.

&Y 4. SRR WULBRTT SR 5 BH P
ESI-MS m/z: 588 [M~+H]*; 'H-NMR (400 MHz,
CD;0D) d: 5.34 (1H, brd, J = 6.5 Hz, H-6), 3.57 (1H,
m, H-3), 3.16 (3H, s, H-23), 1.12 (3H, d, J = 6.8 Hz,
H-21), 1.05 (3H, s, H-19), 0.80 (3H, d, J = 6.5 Hz,
H-27); '3C-NMR (100 MHz, CD;0OD) J: 205.5 (C-11),
146.0 (C-13), 142.1 (C-5), 132.3 (C-14), 121.2 (C-6),
100.9 (C-1'), 84.3 (C-17), 78.6 (C-5'), 76.7 (C-3"),
75.4 (C-23), 76.6 (C-2'), 72.4 (C-3), 70.2 (C-4"), 65.6
(C-22), 61.8 (C-9), 61.5 (C-6"), 53.3 (C-26), 43.2
(C-14), 41.1 (C-4), 40.0 (C-20), 38.6 (C-24), 38.2
(C-8), 37.6 (C-10), 36.0 (C-1), 31.2 (C-25), 31.0
(C-2), 30.9 (C-16), 30.2 (C-7), 30.2 (C-7), 23.6
(C-15), 18.6 (C-27), 18.2 (C-19), 12.9 (C-18), 10.2
(C-21). LA #5300 i A — 02, #dse
A 4 24 pseudojervine .

EY 5. BERAR: BULERET SN & FH M
ESI-MS m/z: 430 [M+H]*; 'H-NMR (400 MHz,
CD;0OD) 8: 5.31 (1H, brs, H-6), 3.70 (1H, d, J = 10.0
Hz, H-18a), 3.57 (1H, d, J = 10.0 Hz, H-18b), 3.51
(1H, m, H-3), 3.47 (1H, dd, J = 7.7, 4.5 Hz, H-12),
1.05 3H, d, J = 6.5 Hz, H-27), 0.98 (3H, s, H-19),
0.87 (3H, d, J = 6.6 Hz, H-21); '3C-NMR (100 MHz,
CD;0D) 6: 142.1 (C-5), 122.5 (C-6), 75.7 (C-22), 72.7
(C-3), 70.5 (C-12), 57.8 (C-17), 57.3 (C-4), 51.6
(C-26), 50.6 (C-9), 49.9 (C-14), 46.2 (C-13), 38.5
(C-1), 38.0 (C-10), 37.1 (C-20), 33.0 (C-24), 32.7
(C-25), 32.5 (C-11), 31.6 (C-8), 30.6 (C-7), 30.0
(C-2), 29.0 (C-23), 22.2 (C-15), 19.8 (C-19), 18.8
(C-27), 18.6 (C-21), 12.4 (C-21), 11.0 (C-18). LA %%
PE AT BRI AR —F B, W EWED 5 A
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rubivirine .

&9 6: 8 A s ESI-MS m/z: 551 [M—H]
"H-NMR (400 MHz, CDs;0OD) 4: 7.25 (2H, d, J = 8.5
Hz, H-2', 6), 7.07 (2H, d, J = 8.5 Hz, H-3', 5'), 7.04
(1H, d, J = 16.0 Hz, H-B), 6.91 (1H, d, J = 16.0 Hz,
H-0), 6.81 (1H, brs, H-2), 6.60 (1H, brs, H-6), 6.48
(IH, t, J = 2.0 Hz, H-19); BC-NMR (100 MHz,
CD;0D) ¢: 159.0 (C-3), 158.1 (C-5), 157.3 (C-4"),
139.7 (C-1), 131.7 (C-1), 127.3 (C-2', 6", 128.1
(C-B), 126.8 (C-a), 116.5 (C-3', 5"), 107.2 (C-6), 105.9
(C-4), 101.0 (C-1'"), 100.7 (C-1"), 76.7 (C-5", 5'),
76.5 (C-3", 3", 73.5 (C-2", 2", 70.0 (C-4", 4'),
61.1 (C-6", 6o FAUEWIHIRZ LA 5 STHRHIE 1)
BARUAZEATX L, B EY) 6 A resveratrol 3,4'-
0,0'-di-B-D-glucopyranoside .

&9 7: A EHR K ; ESI-MS m/z: 567 [M—H]
"H-NMR (400 MHz, CDsOD) ¢: 7.43 (1H, d, J = 8.5
Hz, H-6), 7.31 (1H, d, J= 16.0 Hz, H-), 6.94 (1H, d,
J=16.0 Hz, H-a), 6.76 (1H, brs, H-2), 6.63 (1H, brs,
H-6), 6.61 (1H, brs, H-3"), 6.58 (1H, dd, /= 8.5, 2.4
Hz, H-5), 6.45 (1H, t, J = 2.0 Hz, H-4); '3C-NMR
(100 MHz, CD30D) ¢: 159.0 (C-3), 158.1 (C-5, 4"),
155.8 (C-2"), 141.0 (C-1), 127.0 (C-B), 126.2 (C-0),
123.6 (C-6"), 118.8 (C-1"), 108.0 (C-6), 106.8 (C-5"),
105.8 (C-4), 103.5 (C-3'), 102.6 (C-2), 100.9 (C-1""),
100.7 (C-1"), 76.7 (C-5", 5", 76.5 (C-3", 3""), 73.4
(C-2, 2", 69.9 (C-4", 4", 61.1 (C-6", 6" Kitb&
VIR REEE 5 SO AR TE Bl U EAT 0 L, %€
1A% 7 9 mulberroside A

154 8: A K ; ESI-MS m/z: 389 [M—H];
"H-NMR (400 MHz, CDs;OD) ¢: 7.44 2H, d, J = 8.5
Hz, H-2', 6), 7.07 (2H, d, J = 8.5 Hz, H-3', 5'), 7.04
(1H, d, J = 16.0 Hz, H-B), 6.91 (1H, d, J = 16.0 Hz,
H-a), 6.80 (1H, brs, H-2), 6.64 (1H, brs, H-6), 6.48
(IH, t, J = 2.2 Hz, H-4); C-NMR (100 MHz,
CD;0D) 4: 159.0 (C-3), 158.0 (C-5), 157.1 (C-4"),
139.5 (C-1), 131.7 (C-1"), 128.0 (C-B), 127.4 (C-2',
6'), 126.2 (C-a), 116.4 (C-3', 5), 107.2 (C-6), 106.0
(C-4), 103.0 (C-2), 100.7 (C-1"), 76.7 (C-5"), 76.5
(C-3"), 73.5 (C-2"), 70.0 (C-4"), 61.1 (C-6"). FtbH
VIHIRZ s 5 SRR B R OB T XS B, %
A1) 8 4 resveratrol 4'-O-B-D-glucopyranoside »

&M 9: A A ESI-MS m/z: 389 [M—H];

"H-NMR (400 MHz, CDs;OD) é: 7.35 (2H, d, J = 8.5
Hz, H-2', 6"), 7.01 (1H, d, J= 16.0 Hz, H-B), 6.84 (1H,
d, /=16 Hz, H-0), 6.78 (2H, d, J = 8.5 Hz, H-3', 5"),
6.76 (1H, brs, H-2), 6.63 (1H, brs, H-6), 6.46 (1H, t,
J = 2.2 Hz, H-4); C-NMR (100 MHz, CD;OD) :
160.0 (C-3), 158.1 (C-5), 157.0 (C-4"), 140.0 (C-1),
128.6 (C-1"), 127.5 (C-2', 6"), 127.0 (C-B), 126.2 (C-),
115.1 (C-3', 5%, 107.0 (C-6), 105.7 (C-4), 102.7 (C-2),
100.9 (C-1"), 76.7 (C-5"), 76.6 (C-3"), 73.5 (C-2"), 69.9
(C-47), 61.1 (C-6"). HAL A WIIAZREE S 5 SCifRE
IR BEAT X B, EEEY) 9 4 resveratrol
3-O-B-D- glucopyranoside .

thEY 10: HEKER; ESI-MS m/z: 405 [M—
H]": 'H-NMR (400 MHz, CD;0D) 6: 7.34 (2H, d, J =
8.5 Hz, H-3' 5"), 7.30 (1H, d, J = 16.0 Hz, H-B), 6.87
(1H, d, J= 16 Hz, H-a), 6.76 (1H, brs, H-2), 6.63 (1H,
brs, H-6), 6.45 (1H, t, J = 2.2 Hz, H-4), 6.32 (1H, d,
J = 6.0 Hz, H-6'); 3C-NMR (100 MHz, CDs0OD) §:
157.8 (C-4), 157.1 (4, 140.9 (C-1), 127.4 (C-2', 6"),
127.2 (C-p), 124.8 (C-6), 123.3 (C-a), 116.4 (C-3',
51, 107.1 (C-2, 5), 102.2 (C-4), 100.8 (C-1"), 76.7
(C-5"), 76.5 (C-3"), 73.5 (C-2"), 69.9 (C-4"), 61.0
(C-6")o KAt &M B AL T B s 55 SCHR IR ) s 1)
BEAT XL, LAY 10 N oxyresveratrol-2-O-B-
D-glucopyranoside

a1 AERAR: BB SN SRR
ESI-MS m/z 594 [M+H]"; 'H-NMR (400 MHz,
CD;0D) o: 6.22 (1H, brs, H-4), 5.35 (1H, d, J = 5.0
Hz, H-5), 4.97 (1H, brs, H-7a), 4.66 (1H, brd, J= 4.0
Hz, H-3), 4.61 (1H, brd, J = 5.0 Hz, H-7b), 4.50 (1H,
s, H-14), 4.31 (1H, s, H-20), 4.29 (1H, dd, /= 5.0, 3.0
Hz, H-3), 2.76 (1H, dd, J = 10.0, 6.0 Hz, H-18), 1.72
(1H, m, H-22), 1.05 (3H, d, J = 7.0 Hz, H-27), 0.97
(3H, s, H-19); '3C-NMR (100 MHz, CDsOD) d: 175.5
(C-1"), 105.5 (C-4), 93.1 (C-9), 81.5 (C-14), 74.5
(C-3), 72.5 (C-20), 70.7 (C-15), 69.3 (C-15), 69.1
(C-16), 61.8 (C-18), 62.0 (C-23), 47.6 (C-12), 46.7
(C-5), 45.1 (C-10), 45.0 (C-17), 41.5 (C-2"), 34.1
(C-11), 33.9 (C-13), 32.7 (C-1), 29.4 (C-24), 27.8
(C-6), 27.2 (C-25), 26.6 (C-3"), 20.6 (C-21), 19.6
(C-19), 18.8 (C-23), 17.7 (C-27), 16.5 (C-5"), 10.8
(C-4")o DA EEUE 5o IR — 307, i d

¥) 11 A verussurinine.
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WA 12: EERAR: BB R 5 RH 1 ;
ESI-MS m/z: 472 [M+H]"; 'H-NMR (400 MHz,
CD;0D) 6: 5.34 (1H, brd, J = 6.3 Hz, H-6), 4.90 (1H,
m, H-16), 3.57 (1H, m, H-15), 3.30 (1H, m, H-3), 1.12
(3H, d, J = 6.8 Hz, H-21), 1.08 (3H, s, H-19), 0.90
(3H, d, J = 6.5 Hz, H-27), 0.82 (3H, s, H-18):
3C-NMR (100 MHz, CD;0D) d: 178.5 (C-22), 172.6
(COCH3), 143.0 (C-5), 123.5 (C-6), 81.5 (C-16), 75.4
(C-15), 724 (C-3), 60.6 (C-17), 58.1 (C-26), 563
(C-14), 50.3 (C-9), 48.2 (C-20), 44.1 (C-4), 42.0 (C-12),
38.6 (C-1), 382 (C-10), 33.6 (C-7), 33.0 (C-1), 32.8
(C-8), 31.0 (C-2), 30.9 (C-24), 30.2 (C-25), 30.1 (C-23),
23.6 (C-10), 22.1 (CH;CO), 20.6 (C-19), 20.4 (C-27),
18.6 (C-21), 16.2 (C-18), LA FHHmAI STk R A —
sl K& 12 24 veralosidine

WE13: FER AR LB S B 5 B ;
ESI-MS m/z: 426 [M+H]"; 'H-NMR (400 MHz,
CD;0D) 6: 5.54 (1H, brd, J = 6.5 Hz, H-6), 3.57 (1H,
m, H-3), 2.56 (3H, s, H-20), 1.42 (3H, d, J = 6.8 Hz,
H-21), 1.18 (3H, s, H-19), 0.90 (3H, d, J = 6.5 Hz,
H-27); BC-NMR (100 MHz, CD;0D) 8: 202.5 (C-11),
146.0 (C-13), 142.5 (C-5), 132.3 (C-14), 121.5 (C-6),
84.5 (C-17), 75.4 (C-23), 70.4 (C-3), 65.6 (C-22), 61.8
(C-9), 53.3 (C-26), 43.2 (C-14), 41.1 (C-4), 40.0
(C-20), 38.6 (C-24), 382 (C-8), 37.6 (C-10), 36.0
(C-1), 31.2 (C-25), 31.0 (C-2), 30.9 (C-16), 30.2
(C-7), 302 (C-7), 23.6 (C-15), 18.6 (C-27), 18.2
(C-19), 12.9 (C-18), 10.2 (C-21), LA _FHH A1z ik o
MR A—0, KA 13 4 jervine.

WAV 14: EERAR: BB B 5 R ;
ESI-MS m/z: 560 [M+H]"; 'H-NMR (400 MHz,
DMSO-ds) d: 5.56 (1H, brd, J = 5.0 Hz, H-6), 3.84
(1H, m, H-3), 1.11 3H, d, J = 6.5 Hz, H-21), 1.02
(3H, s, H-20), 0.95 (3H, d, J = 6.5 Hz, H-27), 0.75
(3H, s, H-19); 3C-NMR (100 MHz, DMSO-ds) 6:
140.5 (C-5), 121.5 (C-6), 101.1 (C-1"), 78.4 (C-5"),
78.1 (C-3), 77.8 (C-22), 76.4 (C-3"), 75.2 (C-2'), 73.7
(C-26), 70.4 (C-4'), 67.6 (C-16), 62.5 (C-16), 61.1
(C-6"), 60.0 (C-26) 56.4 (C-14), 55.6 (C-9), 42.5
(C-13), 39.6 (C-4), 39.5 (C-12), 37.4 (C-1), 37.0
(C-10), 36.5 (C-10), 32.1 (C-7), 31.8 (C-8), 31.8
(C-15), 31.6 (C-25), 31.4 (C-24), 29.3 (C-2), 26.9
(C-23), 21.9 (C-11), 18.6 (C-19), 18.2 (C-21), 16.9

(C-27), 16.5 (C-18). LA b Hiris Al SC gk xof g Je A —
R, AW 14 4 y-chaconine.

EP15: EERAR; BB IS S B ;
ESI-MS m/z: 636 [M+H]"; 'H-NMR (400 MHz,
CD;0D) 6: 6.22 (1H, brs, H-4), 5.35 (1H, d, J = 5.0
Hz, H-5), 4.97 (1H, brs, H-7a), 4.93 (1H, brd, J = 4.0
Hz, H-3), 4.61 (1H, brd, J = 5.0 Hz, H-7b), 4.50 (1H,
s, H-14), 4.31 (1H, s, H-20), 4.29 (1H, dd, J = 5.0, 3
Hz, H-3), 2.76 (1H, dd, J = 10.0, 6.0 Hz, H-18), 1.72
(1H, m, H-22), 1.05 (3H, d, J = 7.0 Hz, H-27), 0.97
(3H, s, H-19); *C-NMR (100 MHz, CDsOD) é: 175.5
(C-1"), 170.9 (C-1'), 105.5 (C-4), 93.1 (C-9), 81.5
(C-14), 74.5 (C-3), 72.5 (C-20), 70.7 (C-15), 69.3
(C-15), 69.1 (C-16), 61.8 (C-18), 62.0 (C-23), 47.6
(C-12), 46.7 (C-5), 45.1 (C-10), 45.0 (C-17), 41.5
(C-2"), 34.1 (C-11), 33.9 (C-13), 32.7 (C-1), 29.4
(C-24), 27.8 (C-6), 27.2 (C-25), 26.6 (C-3"), 21.3
(C-2"), 20.6 (C-21), 19.6 (C-19), 18.8 (C-23), 17.7
(C-27), 16.5 (C-5"), 10.8 (C-4"), LA _LHm A ekt
HREE A — 521, EENEY) 15 4 germidine.

4 FEMEMR
4.1 LEYHMEEEMFIE

KA BUE (KB ) PER 15 Mbs
PIRPTE S . R ER: AORERE. b
TSR SO SIRE R DB AR A B R .
Ay R F R B B A 03R48 (CLSD 77
%, AW 1~15 B3+ DMSO 1, (RN TT
FALAA T SA — EIRE R EY . BER
eGP AR R J ) W A I R R BRIE Pl ., 35 °C
I E 48 ho AR R RO E 25848 EAI B e 1) B
£, Z7% CLSI M60 trifEFlE a5 K. LIS R B
JIRHMEX IRZ5Y), AR PAT IR 3 IR BB
L REY, LAY 14 X AERRERE A RS
PR A A B B AENE T, 1Cso 237 4.1. 19.8
pg/mLo PHEXT PR EE 2R B X A B IR B A v 2
SERB 1Cs0 737129 0.7+ 0.3 pg/mL.

42 MEREHCEYIRNMEEEEENE

KA MTT 230 5E BA BB w s AL &4 14
AN EE G 1 . AR RO B MR 40 (SK-MEL
4if. KB 4iffi. BT-549 4iffil. SK-OV-3 4ifi),
37 C. 5% COy %MF N 9% 24 hy IOAARIRIREE
& 2555783, 100 pL/AL, 37 'C. 5% CO 214
FH: 7 48 ho FFLIIA 20 uL 2.5 mg/mL MTT &
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W, dREERTFE 4 h, BFLIMA 100 uL DMSO. #
T BEAR AN 490 nm A T IROGAE o AR
R NBHTER 258, BAREE-FAT IR 3 K.
SERFH], B 14 XIX 4 TR HMIAE 100
umol/L ¥R JB 15 T 4 i) i 1k o

5 g
AW FELAII RS D9 A M 2 P27 e i

Yoh SRR PRSP I V. virid FIEEFH]

BRI H SR P B EE T 15 Mes

Y, Hrbf 10 NS IEEMBEILEY, 5 AR L

W RNEY. a1 e EY, e s~

10, 14 Y EXNEF R 0 B3] X BT

B 15 MEEDIEAT PR E SR L, 2R Boril

SV 14 AL RS IR RN 5e 2 R T BAT B 4

FENE, ICso 203N 4.1 19.8 pg/mL. 3 HX} 4 ¥k

TR 4H ML 7E 100 pmol/L iR B #AS B A HI 7%

Yo AW JE I R A BT H RS Y B T

T AT 78 5T R Bt 1 — 52 At
RBHR FANEHERRGEA AR

SE
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