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Identification and Ecdysteroid Antagonist Activity of Three Resveratrol Trimers
(Suffruticosols A, B and C) from Paeonia suffruticosa
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Abstract: Bioassay-guided HPLC analysis of the seeds of Paeonia suffruticosa has afforded three novel
resveratrol trimers (suffruticosol A, suffruticosol B and suffruticosol C), together with cis-resveratrol

. . e
and paeoniflorin.  The structures of these new compounds have been elucidated muainly by

comprehensive 1D- and 2D-NMR experiments. Resveratrol and its oligomers are active as ecdysteroid
antagonists (EDs, values = 10 to 50 uM vs. 5 x 10°M 20- -hydroxyecdysone) in the Drosophila
melanogaster By bioassay. The activitics of other “pscudo-oestrogens™ in this bioassay have also been

assessed. © 1998 Published by Elsevier Science Ltd. All rights reserved.
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Paeonia suffruticosa Andrews (Family: Paeoniaceae), commonly known as “moutan peony”, is found

extensively in the western part of China and is also naturalized in some parts of Bhutan. It is an important
Chinese medicinal plant from the section Moutan of the genus Paeonia L. This genus consists of ca. 35 species
Ineapia and Paeonia."™* The root cortex of P. suffruti
mudanpi; Japanese name: Botanpi) is a Chinese traditional medicine. Numerous studies on the chemistry and
pharmacology of this species have been performed.’” We report on the isolation, structure elucidation and
together with two known r_‘gmpel,.nds‘ is-re !

paeoniflorin, as part of our search for ecdysteroid antagonists from plant sources.””" Ecdysteroids are the

steroid hormones of insects, crustaceans and probably of other invertebrates too.'” Antagonists of ecdysteroid
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expression by ecdysteroids and, possibly, as lead compounds for new insect pest control agents. %"
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RESULTS AND DISCUSSION
Preliminary studies revealed that methanolic seed extracts of several species in the genus Paeonia (P

anomala, P. daurica, P. obovata and P. suffruticosa) antagonized the action of 20-hydroxyecdysone on

Drosophila melanogaster By cells, while seed extracts of several other species (P. cambedesii, P. lutea var

ludlowii and P. officinalis) were not active. Bioassay-guided HPLC analysis of the active Sep-Pak fractions of a
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MeOH extract (defatted with n-hexane) of the seeds of Paeonia suffruticosa resulted in the isolation of cis-
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resveratrol (1) (as a mixture with a small amour

trimers (suffruticosol A [2], suffruticosol B [3] and suffruticosol C [4]) and paeoniflorin (5). The two known
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compounds (1 and 5) were readily identified as cis-resveratro and paeoniflorin®' by direct comparison of
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were unambiguously determined by extensive 1D- and 2D-NMR experiments.

LSIMS spectra of compounds 2-4, showed [M-H] ions at im/z 679 [- ve ion mode] and [M+H]" ions at
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absorption maxima ( Am..) at 283 and 226 indicated the presence of phenolic chromophores, which are

chracteristic for such oligostilbenes.”® In the 'H- and “C-NMR spectra (Table 1) of these compounds, some

compounds. '"H-NMR spectra (Table 1) revealed the presence of six sets of ortho-coupled aromatic hydrogens

assignable to three 4-hydroxyphenyl groups (“A” ring of 1) and signals from three other 3,5-dihydroxyphenyl

or trans) of resveratrol units, the presence of six methine hydrogens strongly suggested reduction of these

olefinic bonds and trimerisation involving these carbons of the three resveratrol units. In “C PENDANT NMR?*

of these compoun

1als for ¢ 1g systems, including 9 oxygenated aromatic quarternary

carbons (8¢ 150.0-160.0), five methine carbons (6¢ 35.0 — 66.0), and a very deshielded oxymethine (8 84.0 —
90.0), supported the hypothesis that these compounds are resveratrol trimers *>** The presence of the highly

deshielded mcvmethme (dy ~ 6.00, 8¢ ~90.0) in the spectrum

....................... spectrum of each of th
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dinydroturan ring sysiem as round in the resveratrol dimers balanocarpol™ and vmxrerm
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in the resveratrol
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trimer disticho and in the resveratrol tetramer, vaticaffinol.”® However, there were also some distinct

differences in 'H- and "*C-NMR signals of these three trimers and this suggested these trimers are structurally
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H-"C HMQC, H-C
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HMBC and 'H-'H NOESY, in conjunction with 1D '"H- and "C-NMR, enabled us to deduce unequivocally the
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structures of these new trimers, which are discussed in detail in the following paragraphs.
, two o

the 'H NMR signals: a singlet at Sy 6.24 (H-12’) from one “B” ring, two mefa doublets at 8y 6.29 (H-12"") and
and a 2H mefa doublet at 8y 6.00 (H-10, H-14) and a triplet at 6y 610
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“A” rings (8¢ 112.9, 1142, 115.1, 129.1, 129.3 and 129.4), also showed signals for six (not nine) aromatic
0 7

methine carbons (8¢ 95 and 105.7 for two carbons). This additional substitution on two
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the possible ' correlations within this molecule, the most important of which were: H-
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H-7"&H-8". A 'H-"C HMQC spectrum (Table 2) identified all 'H-"*C direct 'J correlations and thus
confirmed the assignment of all methine carbons. A 'H-
by revealing 2/ and >/ 'H-"C correlations and thus helped in joining different fragments leading to the
elucidation of this structure. In the HMBC spectrum (Table 2), 2/ 'H-"C correlations from H-3 (84 6.39) to C-4
39) to C-4, from H-7 (dy 3.69) to

-9 (8¢ 147.0), from H-10 (8x 6.00) to C-11 (8¢ 157.7), from H-12 (84 6.10) to C-11 and C-
from H-14 (8;; 6.00) to C-13, and */ correlations from H-2 (84 6.96) to C-4, C-6 (8¢ 129.3) and
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5 (8¢ 114.2), from H-5 to C-1 and C-3 (d¢ 114.2), from H-6 (dy 6.96) to C-2 (8¢
5.

o TR ~ o~

C-7, from H-3 o C-1 and C-
129.3), C-4 and C-7, from H-7 to C-2, C-6 and C-9, H-8 to C-1, C-10 (8¢ 105.7) and C-14 (8¢ 105.7), from H-

10 to C-8, C-12 (b¢ 100.2) and C-14, from H-12 to C-10 and C-14, and from H-14 to C-8, C-10 a

(:2.

C-12

confirmed the structure of fragment 2a. Similar reasoning based on HMBC correlations (Table 2) confirmed

other two fragments: 2b and 2c.
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Table 1: '"H-NMR (400 MHz) and "C PENDANT NMR (100 MHz) data (8 in ppm, J in Hz) for 2-4
C/H d¢

2 3 4 2 3 4
1 1342 134.1 136.6
2,6 696d(2H, 8.6) 628d(2H,86) 6.93d(2H, 8.4) 1293 128.1 128.4
3,5  639d(2H.86) 630d(2H,8.6) 6.52d(2H,84) 1142 1138 1141
4 154.8 154.7 154.4
7 369d(1H,7.6) 3.82d(1H,6.0)  5.09s(1H) 59.5 61.7 35.4
8 4.75* 4.11 s (1H) 414d(1H, 11.7) 53.1 55.5 50.9
9 147.0 146.0 142.5
10 6.00d(1H,2.2)  6.24s(1H) 5.87 s (1H) 105.7 106.0 106.2%*
11 157.7 1580 1573
12 6.10t(1H,2.2)  6.16t(1H,22)  6.00s(1H) 100.2 100.1 100.0
i3 i57.7 i58.0 157.3
14 600d(1H,22) 623s(1H) 105.7 106.0 121.7
r 132.6 1324 131.6
2,6 647d(2H, 8.5) 6.92 br d (2H) 7.20d (2H, 8.6) 1294 131.7 129.5
3.5 6.14d(2H,8.5)  652d(2H,8.6) 6.69d(2H,86) 1129 113 4 114.5
4 152.9 154 8 155.5
7 540d(I1H,3.2) 423d(1H,11.7) 3.00 dd 38.4 45.1 65.5

(1H, 9.8, 11.7)

8’ 3.90m (1H) 4.12m 4.26d(1H, 9.8) 476 46 .4 56.2
9’ 1432 1461 1456
10° 5.87 s (1H) 115.9 117.1 106.2**
1 158.6 158.8 158.2
12’ 6.24s(1H,08)  6.20s (1H) 6.00 s (1H) 95.0 94.9 94.0
13° 153.7 1543 153.5
14’ 121.8 1222 1181
i’ 129.8 i29.5 i33.4
27,67 7.124(21,87) 758d(2H.8.6) 7.09d(2H,86) 1291 129.1 126.6
37,57 673d(2H,8.7) 691 d (2H, 8.6) 6.70 d (2H, 8.6) 1151 115.1 1148
4 157.3 157.7 156.8
7 571d(1H,11.7) 5.86d(1H, 7.6)  6.00s (1H) 90.2 89 7 849
8” 434d(1H,11.7) 5.09brd (1H, 11.4)424d (1H,2.5) 479 483 496
9 140.3 141.0 146.2
10 639d(1H,2.2) 1256 121.5 102.1
1t 153.4 155.8 1556
127 629d(1H,24) 6.19d(1H,22) 624d(1H,22) 1008 103 .6 1000
13> 155.0 156.9 1573
14> 595d(1H,1.7) 5.96d(1H,2.4) 104.7 102.3 117.2

* masked by the broad water peak, obtained from 'H-"H COSY correlation; **Was not found in *C PENDANT
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NMR speCtrum but was found in a broad-band aecouplea

correlation
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Combination of 2a and 2b formed 2d which was confirmed from the following 'H-"*C correlations- *J: fr

3 g - o -
H-7t0 C- 3’(5( 47. 6) and from H-8 to C-14’(5L 12}.8), and °J: from H-7 to C-9° (6( }43.2) and C-}4’, from H-
8 tao C-8’ (8¢ 47.6) and C-9’, and from H-8" (84 3.90 of 2¢ and 2d, forming a seven

) to C-1. Now, combination
t

membered ring and a dihydrofuran ring, completed the structure of compound 2 which was confirmed from

HMBC correlations- %/: from H-7" (8 5.40) to C-10"" (8¢ 125.6), from H-8"" (8y 4.34) to C-10" (¢ 115.9) and
J. from H-7" to C-9”" (8¢ 140.3) and C-11"" (8¢ 153 4), from H-8"" to C-9’ and C-11" and from H-7""(8y 5.71)
to C-11" (8¢ 158.6). The relative stereochemistry of 2 was determined by a NOESY experiment which is
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While the “C PENDANT NMR spectrum of 3 (Table 1) was similar to that of 2, significant differences in 'H-

NMR spectra (Table 1) of 2 and 3 were observed, the most notable being the extraordinary broadness of the

Irys vy mowv .0 iy 134~

(6 6.92) which suggested a semi-restricted rotation of that ring. -'H COSY and H-"C
HMBC spectra of 3 showed exactly identical correlations to those found for 2 (Table 2), suggesting that the

structure of 3 was same as 2, excepting in their stereochemistry. From analysis of the 'H-'H NOESY spectrum

A

n, and thus the 4-hydroxyphenyl substituent at C-
” encountered more restriction in its rotation compared to that found in 2. Thus, the structure of suffruticosol

s determined as 3, which is a sterco-isomer of 2.
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MR spectral features for a sin
spectrum, a chain of correlations was observed, amongst which the most important were: H-7 (8y 5.09)«<>H-8 (8

i 4.14)>H-7"(8n 3.00)¢<>H-8’(8y 4.26) and H-7"(6n 6.00)«>H-8"'(5u 4 24). The 'H-"C HMBC spectrum

18 confirming the three resveratrol-derived structural units similar to
those described for 2, showed a series of %/ and *J 'H-"C correlations which led to the unambiguous
determination of the structure of suffruticosol C as 4. Some of these key correlations were from the six non-

T & 114
, J to L-14

)
137(8¢ 157.3); from H-8, 2Jto C-7" and *J to C-1 (8¢ 131.6) and C-14""; from H-7’, 2Jto C-8 (dc 50.9) and °J
om H-8 d

C
to C-7 (&6¢ 35.4) and C-9 (8¢ 142.5); fro Jto C-14 (3¢ 121.7); from H-7, *J to C-13’ (8¢ 153.5) an

~

1A
-14

3 o

(6c 118.1); from H-8
series of nQOe interactions (Table 3).

Compounds 1-4 were found to be active as ecdysteroid antagonists (Table 4), but inactive as agonists in the
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Drosophila melanogaster By cell bioassay for ecdysteroid agonists/antagonists.” Paeoniflorin (d)was also Tound
to be a weak antagonist, but the very low activity (EDsy = 1.5 x 10°M) may result from a slight contamination

(ca. 1%) by one or more of the other compounds. However, the antagonistic potencies of resveratrol and its

and limonoids'’ - previously investigated in our laboratory. This is the first report on the occurrence of
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Table 2: *H-"C correlations in 2 and 4 obtained from HMQC ('./) and HMBC (*J and *J)
H C
2 4
J v J v J J
H-2 C-2 C-4,C-6, C-7 C-2 C-3 C+4,C-, C-7
H3 €3 C4 C-1,C-5 3 C4 C-1. C-5
H-5 C-5 C-4 C-1,C-3 C-5 C4 C-1. C-3
H-6 C-6 C-2,C-4, C-7 C-6 C-5 C-2,C4,C-7
H-7 C-7 C-1,C-8,C-8 C-2, C-6, C-9, C-9, C-7 C-1,C-8,C-147 C-2,C-6,C-9,C-9",
c-14 C-7", C-137
H-8  C-8  C-7,C-9, C-14°C-1, C-10, C-14, C-8", Cc8  C-7.C-9.C-7  C-1.C-10,C-I’, C-14”
C-9°
H-10 C-10 C-11 C-8. C-12, C-14 C-10 (w)
H-12 C-12 C-11, C-13 C-10,C-14 C-12 C-11, C-13 C-10,C-14
H-14 C-14 C-13 C-8, C-16, C-12 -
HY  C2 C-4', C-6", C-T c2e ¥ C4".C6, C-T
H-3" C-3 C-4 C-1, C-5° C-3 C-2°,. C4 C-1",C-5°
H-5" C-5 c4 C-1',C-3° C-5 C-4,C-6 C-1, C-3°
H-6’ C-6 C-2,C4.C-T C-6 C-5 C-2°,.C4°,C-T
H-7 c-7 C-i",C-%° C-27,C-9°, C-97, c-7 C-8,C-1,C-8  C-7.C9.C-2,C-6,
C-107 C-117 C-9
H-8’ C-8 c-v C-1,C-I’ C-8 C-7,C-9’,C-14 C-1",C-10°, C-14°
H-10" - C-10° (w)
H-12> C-127  C-11", C-13° C-10°, C-14° c-122 C-11’,C-13 C-10°, C-14
H-2"  C-27 C-47, C-67,C-77 c-2 C-3 C-47.C-67, C-7
H-3 €37 C4” C-17,C-57 c-37 C-27, C4” C-17, C-57
H-5" C-57 C-4” C-17.C-37 C-57 c4"  C-6 C-1"7, C-37
H-6 C-67 C-27,C-47,CT7 C-6 C-57 C-27,.C-47,C-7”
H-7 Cc-77 C-1",C-8 C-27.C-97, C-11 Cc-7" Cc-1",C-87 C-2,C-67,C-9”
C-13". C-14
H-8” c-8 C-77,C97, C-9°, C-11°, C-17 C-8” C-14°, C-o C-17, C-147
C-10° C-107
H-10"" - c-10  C-117 C-8",C-127, C-147
H-12"7 C-127 C-t17,C-137 C-10", C-14" C-127 C-11"", C-13” C-10"", C-14"
H-14" C-14 C-97, C-137 C-107, C-8" -
w = weak corrclation
aliongtithanae in tha family Pasnniaceas Tt can he nated here that the digtrihiution of nhondtilhenec wae rennrted
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to be restricted to only five plant families: Dipterocarpaceae, Vitaceae, Cyperaceae, Gnetaceae and
Leguminosae.’’ Since resveratrol possesses oestrogenic activity™> and all steroid hormone receptors belong to

st to see if other environmental and ncendn-neqtrnaenq“ also

one family of related proteins, it was of intere

possess activity in the By bioassay (i.e. possibly interact with the ecdysteroid receptor). None of the tested
compounds (Table 4) possessed agonistic activity, but several (y-BHC, bisphenol A, daidzein, p,p’-DDT,

onistic activity, although only y-BHC was as active

, Gnnuga Uiy 2 A Ve

ag resveratrol
as resveratrol

)
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and its trimers. Interestingly

LA ARIINE 5. 13 Taiig,

oestrogens.” Most of the compounds tested here were cytotoxic at high concentrations.

From: To
2 3 4
H-2/H-6 H-2'/H-6’, H-T’ H-8, H-7, H-7 H-7, H-8, H-8”’
H-7 H-10/H-14, H-8 H-2/H-6, H-8’, H-2’/H-6’ H-2/H-6, H-8 (w), H-2’/H-6’,
1-2”/H-6" H-T’

H-8 H-2/H-6, H-7 H-7 (w), H-2/H-6, H-2'/H-6’,
H-8', H-7" (w)

H-2’/H-6° H-2/H-6, H-7’, H-8” H-7, H-7 H-7. H-8, H-7’, H-8’

H-3/H-8° H-147

H-7’ H-8’, H-2/H-6, H-2’/H-6"  H-2/H-6, H-8”’, H-8, H-2’/H-6" H-7, H-8 (w), H-2’/H-6", H-8’ (w)

H-8 H-10/H-14, H-7 H-7 H-2’/H-6’, H-8, H-8”

H-2"/H-6"H-7”, H-8, H-14” H-7 H-8”, H-14” H-7, H-7’, H-8, H-10’

H-7 H-27/H-6"’, H-8’, H-14> H-2’/H-6"’, H-8”’ H-10", H-8 (w), H-2""/H-6"’

H-8’ H-2'/H-6°, H-2"’/H-6"’ H-2/H-6", H-7’ H-2/H-6, H-7"’(w), H-2""/H-6",

H-10" - - H-7"

4

w = weak, COSY-type correlation

MATERIALS AND METHODS

General experimental procedures. UV spectra were obtained in EtOH. NMR spectra were performed in
CDsOD, on a Bruker AVANCE DRX400 instrument using Bruker microprograms. 'H-NMR and “C-NMR
spectra were referenced to CH;OH at & 3.31 and & 49.15, respectively. LSIMS (+ve and -ve ion modes);
glycerol matrix using a Cs™ primary ion beam on a VG Quattro triple quadrupole mass spectrometer (VG
Biotech, Altrincham, U.K.); Sep-Pak Vac 35cc (10g) C;s cartridge (Waters) was used for pre-HPLC
fractionation; HPLC: a) preparative/semipreparative - Gilson model 806 HPLC coupled with Gilson UV-Visible
detector, b) analytical- Gilson model 811 HPLC coupled with Gilson 160 diode array detector and using Giison

Unipoint computer program; RP, RP-prep., RP-semiprep. and RP-anal. stand respectively for reversed-phase,

Technoprep 10Cs preparative Cy column, Spherisorb semipreparative Ci3 column and Spherisorb 5 ODS-2
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in the By bioassay for ecdysteroid antagonists.

Compound Max. concentration Anté”gonist Activity Cytotoxicity
tested
cis-resveratrol (1) 10°M active: EDsp = 1.2 x 10°M >2.5x 10°M
suffruticosol A (2) 50x 10°M active: EDsp = 5.3 x 10°M >10°M
suffruticosol B (3) 10°M active: EDso = 1.4 x 10°M >25x 10°M
suffruticosol C (4) 5.0x 10°M active: EDsp = 2.2 x 10°M >10°M
paeoniflorin (5) 5.0x 10°M active?: EDsp = 1.5 x 10°M >5.0x 10°M
apigenin 10°M inactive -
y-BHC (lindane) 10°M active: EDso =3.0 x 10°M slightly at 10°M
biochanin A 10°M inactive at 10°M
bisphenol A 10°M active: EDsy = 1.0 x 10°*M >25x 10°M
daidzein 10°M weak activity at >10™*M -
diethylphthalate 10”°M active: EDs =2.0 x 10°M >5.0 x 10°M
diethylstilboestrol 10°M inactive >2.5x 10°M
o,p’-DDT 10°M inactive >10"M
p.p-DDT 10°M weak antagonist at >2.5 x 10°M >10"M
genistein 107°M inactive at 10°M
methoxychlor 10°M inactive >10™*M
octylphenol 10°M inactive >2.5x 10°M
quercetin 10°M inactive at 10°M
zearalenone 10°M weak activity at >10°M >2.5x 10*M

Rioassay. Ecdysteroid agonist/antagonist activities of the extract, Sep-Pak fractions, HPLC fractions and the
isolated compounds were assessed with a microplate-based bioassay using the Drosophila melanogaster By cell

yam 108 M ta 102 M For +
SR WS i S i1xs 1 Ui U

111 17 iva ivs.

Aldrich or Lancaster and stock solutions were prepared in methanol.
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Plant material. Seeds of P. suffruticosa Andrews were a giﬁ of Ness Botanical Gardens, University of

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ b et b .

. | NN
HIIICTL 1L UeCH

retained at the Department of Biological Sciences, University of Exeter.
Extraction and isolation. Ground seeds (4.8 g) were extracted four times (4 x 24 h) with 4 x 300 mL of

ANEaNVT o
IVICULL a

=4
(9]
-3
(®]
"
5
-
3
-+
3
4
-

methanolic solution. After being defatted with n-hexane, the extract was concentrated using a rotary evaporator

at a maximum temperature of 45 °C. The defatted extract was subjected to Sep-Pak fractionation (using MeOH-

a
LVAT KA NAERR L

35% and 50% aq. MeOH, hereafter
termed as SP35 and SP50, respectively) showed ecdysteroid antagonistic activity. SP350 was subjected to RP-

0
LC, elutin ith 55% MeOH in water, at a flow rate of 5 mL/min to vield active fractions with

=
S
B
i
£

P- se"_r en elutmo with the same

15 PR L) SGINS

solvent mixture, at a flow rate of 2 mL/min afforded 1 (retention time: 39 min). Similar RP-prep. HPLC on
SP35 resulted in a mixture of active principles in the fractions eluted between 14-30 minutes. These fractions

were combined and subjected to RP-semiprep. HPLC (40% MeOH in Water, 2 mL/min) to isolate paeoniflorin

VE 4

26.2, and 41.5 min, respectively).

FE. i b TE& A 2
(9, ICL. UMIC. 15.4 TN

Cis-Resveratrol (1) (8.1 mg): Brown amorphous. LSIMS: m/z 227 [M - H] (-ve ion mode). UV, 'H-NMR
and “C-NMR as published data.'**

~
L

h

[P A I FREDN mio) Remarmteh sobito armmmembm e 1 {loz &)
Suffruticosol A (4£) (O0.U TNZ). DIOWIISH-WIIILE AMOrpnous, UV Ag, Nm (10g €)

HRMS: Cs;H;300 [M+H]' requires 681.21246 (found 681.21273), LSIMS. m/z 679 [M - H]
'H-NMR and “C-NMR (Table 1).

N

Criffimitinnanl M (2 ¢ N o) Do‘t\'lﬁ ch_wihitn amincnliaae TTU 1 e (M Y - AOY FY AL NNL FA TN
SULITULCUSUL D (J) YV Hlg ). DIUWIHILH-WIIE alllVIPHUUS, UV Amax HHI (JOE &) — 40 (3.940), 240 {4.1U)
HRMS: C4;H3300 [M+H]" requires 68121246 (found 681.21205), LSIMS: m/z 679 [M - H] (-ve ion mode)
i 13
H-NMR and “C-NMR (Table 1).
Suﬂ“‘r\d{icasnl C (AN (A2 ma) Rrawnich.whita amarnhang TV 12 mea (o o) — 7072 (2 A\ NNL A NON
VT T (UL s HE . TUWHIDHEWILILG Al PIuUS, UV fymax (0 \lus 5) ~0J \J ‘14}, Ll \ﬁl UO)

HRMS: C4H3300 [M+H] requires 681.21246 (found 681.21273), LSIMS: m/z 679 [M - HJ (-ve ion mode).

ous: UV, 'H-NMR and BC-NM

OV, RATINLYAIN Qi
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