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Two new withanolides from Physalis minima and their antitumor activities
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Abstract: Objective To investigate the withanolides from the aerial parts of Physalis minima and evaluate their in vitro anti-tumor
activities against human colon cancer (HCT-116), triple-negative breast cancer (MDA-MB-231), and human erythroleukemia (HEL)
cell lines. Methods The chemical constituents were isolated and purified using various chromatographic techniques. Their structures
were elucidated through a comprehensive analysis of spectroscopic data, including infrared (IR), high-resolution mass spectrometry
(HRMS), nuclear magnetic resonance (NMR), and electronic circular dichroism (ECD). The proliferation inhibitory activitiesof the
isolated compounds against the above three cancer cell lines were evaluated using the MTT assay. Results Eight withanolides were
isolated and identified from the aerial parts of P. minima, including two new compounds (1 and 2), which were characterized as
(8R,95,10R,13R,14R,16S5,17R,20S,22R,24S5)-140,17a:160,24a-diepoxy-13a,14p,22a-trihydroxy-1,15-dione-13,14-seco-ergosta-2,5-diene-

18,20-olide (1) and (8R,9S5,10R,13R,14R,16S,17R,20S,22R,24R,25R)-140,170:14,27-diepoxy-13a,22a-dihydroxy-1,15-dione-13,14-seco-
ergosta-2,5-diene-18,20-olide-24-propionic acid (2). The known compounds were identified as 5 a -ethoxy-6 § -hydroxy-5,6-
dihydrophysalin B (3), physalin VI (4), physaminin F (5), physagulide D (6), pubesenolide (7), and physaminilide I (8). The in vitro
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bioassay results demonstrated that three compounds (1, 3, and 5) exhibited potent inhibitory activities against HCT-116 cells, with ICso
values ranging from (10.97 + 1.62) to (39.20 £ 2.17) pmol/L. Compound 3 displayed an ICso value of (19.36 + 1.03) umol/L against
MDA-MB-231 cells. Additionally, three compounds (1, 3, and 4) showed inhibitory effects on HEL cells, with ICso values ranging
from (8.27 £ 0.37) to (38.97 + 1.77) umol/L. Conclusion Compounds 1 and 2 are new compounds. Compound 1 represents the first

reported 22, 26-seco-nor-physalin, named phyminate A , while compound 2 is the first 22,26-seco-physalin featuring a 24-propionic

acid moiety and a C-14/C-27 ether bridge, named phyminate B. The inhibitory activities of compounds 1, 3—5 against three tumor

cell lines indicate their potential as anti-cancer candidates, justifying in-depth study.

Key words: Physalis minima L.; withanolides; anti-tumor activity; phyminate A; phyminate B; Sa-ethoxy-6p-hydroxy-5,6-

dihydrophysalin B

/IR Physalis minima L. 47 £} (Solanaceae)
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T A B LM (Group D FIME 4248 (Group
1D 24N, BT E (physaling) RULAYIET
H AR Y withanolides, H45HZ A%, 245G B
Eo N TR/ IR T S5 A E PR v 1
IRy, AT ZAEY) T withanolides 2514k

EYRAT T EEE, AT T 2 M) physalin 28
waEY (1~2) MeMCmrEY (3~8) , 4
UL 10 535 %5 H(8R.9S,10R,13R,14R,168,17R,
208,22R 245)-14a,17a:160,24a- — 1 % -13a,14pB,220-
=R HE-1,15- TR -13,14-JF 0 2 A 1 -2,5- M -18,
20- N FiE [(8R,9S,10R,13R,14R,16S,17R,20S,22R,245)-
140,17a:160,240-diepoxy-13a,14p,22a-trihydroxy-

1,15-dione-13,14-seco-ergosta-2,5-diene-18,20-olide

1]. (8R,95,10R,13R,14R,16S,17R,20S,22R, 24R,25R)-
140,170:14,27- % -130,220- - F£FE-1,15- i -
13,14-JF ¥F 2 5 {48 -2,5- — 4 -18,20- A i -24- T4 IR
[(BR,9S,10R,13R,14R,165,17R,20S,22R,24R 25R)-14q,

17a:14,27-diepoxy-13a,22a-dihydroxy-1,15-dione-13,
14-seco-ergosta-2,5-diene-18,20-olide-24-propionic
acid, 2]. So-ZEIL-6p-FEHE-5,6- AR TR B
(3). physalin VI (4). physaminin F (5). physagulide
D (6). pubesenolide (7). physaminilideI (8). 1t
SV 2 S, a1 R EA 22,26-0F

E1 &Y 1~8 KL
Fig.1 Chemical structures of 1—8
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1.03) pumol/L, th&4 1. 3. 4 %F HEL J& £ Jfa 1]
T ICso 18 N (8.2740.37)~(38.97+1.77 )umol/L.
1 (UE5H=M

Hanbon NP7005 7Y~ il ¢ 7 & ZoRUAH 1 (VT
TIFBRHABR AR 5 Bruker AV 111-600 MHz Afi
SRR IS (Bruker Yo it 28 A &, £ D
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T5E 490 nm ALV (A) o AT SERGIE R 3 K.
3 %R
3.1 HHEEE

WEM 1. AETLERMAK; [a]s +15.9(c0.3,
MeOH); UV A2 (nm): 200 (3.52); IR vior (cm™):
3409,2 978, 1766, 1658, 1384, 1252, 1021; HR-
ESI-MS m/z 495.162 1 [M + Nal*, it & 15 A
CasHasOoNa, 495.162 6, RIFILEH 1 B4 T30K
CasH2:09, H 12 NAANE . IR B oR4FAE R Y .
3409 cm™ (¥£3£). 1766 cm™ (FrIE) Al 1658 cm™
3. tb&Y 11 'H-NMR i (£ 1) BR1EE
3R TS5 [on 6.89 (1H, ddd, J = 10.0, 4.9,
2.6 Hz, H-3), 5.86 (1H, dd, J = 10.0, 3.2 Hz, H-6), 5.68
(1H,d,J=6.4Hz, H-2)], UL X 4 MHEEHIE(ES [on

1.81 (3H, s), 1.60 (3H, s), 1.61 (3H, s), 1.21 (3H, 5)].
BC-NMR Al HMQC i &7R 25 Mgf55, BHE 3 4
AL, 6 DMEEIR. 4 MERA 3 AN K. 88T
KW, B 1 NN BEATAEY) . H IDNMR %
P S 2R X1 = AR, EARIR A-E 45—
#;, FEXHET F AL . HMBC M5
5 (Me-21 5 C-17. C-20. C-22; Me-25 5 C-16.
C-23. C-24), %454 'H-'H COSY i H,-23/H-22 1)
HRES (B 2), L F Y5 D/E #gt4, H C-
16 5 C-24 ZIAJEEAEIS . HILIEHEY 1 H
A 22,26- T/ K 2= B RAUEY)

&0 1 A R B E T NOESY H9%15 5
E (B 3). Me-19/H-8. H-8/Me-25. H-8 5 H-12p.
H-12B 5 H-23B Z M5 5 R BX L) 1 B A MR
(2 (] o TP N BRSSP A TR AT,

#z1 LAY 17028 NMR #1E (600/150 MHz, CD30D)
Table1 NMR data of compounds 1 and 2 (600/150 MHz, CD3OD)

. 1 2
et oc OH oc OH
1 205.8 205.7
2 128.4 5.86 (dd, J = 10.0, 3.2 Hz) 128.5 5.86 (dd, J = 10.0, 3.5 Hz)
3 147.7 6.89 (ddd, J =10.0, 4.9, 2.6 Hz) 147.8 6.88 (ddd, J =10.0, 4.9, 2.6 Hz)
4 33.8 2.45 (m), 2.28 (m) 33.7 2.93 (m), 3.30 (m)
5 137.1 137.2
6 125.9 5.68 (dt, J = 6.4, 2.1 Hz) 125.6 5.67 (dt, J =6.4, 2.1 Hz)
7 26.9 2.28 (M), 2.45 (m) 27.0 2.20 (m), 2.35 (m)
8 45.6 2.17 (m) 438 2.07 (m)
9 36.8 2.96 (m) 36.2 2.92 (m)
10 54.9 54.6
11 25.9 1.31 (m), 2.05 (m) 255 2.09 (m), 1.31 (m)
12 29.6 1.99 (m), 2.42 (m) 31.0 2,51 (m), 1.80 (m)
13 78.5 83.7
14 102.2 102.9
15 212.8 216.8
16 64.1 47.9 3.52 ()
17 84.3 80.8
18 175.6 174.8
19 17,5 1.21 (s) 17.4 1.19 (s)
20 80.3 84.1
21 20.4 1.81 (s) 215 1.94 (s)
22 72.6 3.89 (m) 79.7 4.61 (m)
23 35.8 2.05 (m), 2.20 (m) 225 2.01 (m), 2.01 (m)
24 68.7 40.7
25 205 1.60 (s) 41.4 2.81 (m)
26 175.0
27 63.7 3.84 (d, J = 11.0 Hz), 3.47 (d, J = 11.0 H2)
28 14.9 1.94 (s)
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5E Me-25. H-8. H-12B. H-23p #4 p #4754, C-24
5 C-16 ZIRIMHEIRN o . i ECD L5
CE 4>, e H 40 14 84 8RI9S,10R,13R,
14R,16S,17R,20S,22R,24S. %i b, (b & 1 %2 N
(8R,9S,10R,13R,14R,16S,17R,20S,22R,24S) -14a,170:
160,240- — 3 4 -130,14P,220- = ¥ £ -1,15- - fifi -
13,14-JF IR 2 f1 £ -2,5- —45-18,20- N i, FFim %4 TR
KM A (phyminate A).
&Y 2: AR A [a]s +8.8(c0.31, MeOH);

UV A (nm): 200 (4.44); IR Vi (em!): 3394,2922,
1727,1648,1224,1061; HR-ESI-MS m/z 551.188 7
[M+Na]", 1H5{HA CsH3010Na, 551.188 8, HJ Al
&M 2 153 3N CasH320100 (FAIELEAL AW 1
F12 (1) NMR #dls, KIMLEY) 2 ) F IG5 5H
BFER, IHFMERFHEREERE S (5c 175.00. XX
I HIEE S (6c 14.9) DLEEHERTWHIEES (6
63.7). #E—Filid HMBC %55 (Me-21 5 C-
17. C-20. C-22; H-16 5 C-17. C-15. C-24. C-
23, C-25) W% F I 450) . EATERIZ, Ho-27
5 C-16. C-23. C-24 LI ) H-16 5 C-27 5 HMBC
e, RHIZEEW I (5c63.7) HERALE F I C-

) represents o-orientation

—Exptl. 1
50, -—=~ Calcd.(8R,9S,10R,13R,14R,16S,17R,20S,22R,24S5)-1
7\~ Calcd.(85,9R,108S,135,148S,16R,17S,20R,225,24R)-1

400

Amm S
=30
-50
Exptl. 2
159 e Caled.(8R.9S,10R, 13R,14R,165,17R 20R22R 24R 25R)-2
13 . Caled.(8S,9R, 108,135,145, 16R,175,205,225,245,255)-2
6 \
3 .
w = — .
< 7(3) 200 WA N0 400
- N\ /nph
76 -
-9
-12

4 WwAEY1~2 HWAITE ECD Sik
Fig. 4 Experimental and calculated ECD spectra of

compounds 1—2

24 ik (B 2). [FRF, Me-28 5 C-24. C-25. C-
26 11 HMBC #H A5 5 UESE C-24 A% 1 N IRZEE
Hl. deAh, a2 1 C-14 5 27 ZiEi@id 1 4
BRBEAHE L S C-24 3, THFESRE 1 NMAHIRIEE .
KREEANE C-24 MAWKRIAH C-14 5 C27 2
B % BCHRATY 1Y) 22, 26-TF BRI R R E M) o
&9 2 AT R H NOESY 1% B ml fff a2,
H H-8/Me-19p/H-4B. H-27p/H-25/H-16/H-12p LA K
H- 9/H 1200 Z I HJMHRAE S, RW] H-25. H-16
Me-19 E A MR 73 (B B A), FE4 HAf E v p A A
[EI, AR 12 M A R 2R S Ry B A R
BT, AT LARE N RAEE A Ab T B AL (18 3D, b4k,
&) 2 RHERE % B MR, Kk C-25
Rr WALy 258 WY, fe)a, @i ECD iHE45 R
LT EY 2 K45 # AN 8R,9S,10R,13R,
14R,16S,17R,20S,22R 24R25R (I 4). %k, &
Y2 9 %5E N (8R,9S,10R,13R,14R,16S,17R,20S,22R,
24R,25R)-14a,170:14,27- — 3 % -130,220- — 5 3 -
1,15-Z1-13,14-JF 28 42 £ £ -2,5- - J5-18,20- N fis -
24-TNIE, FFan4 NIRIKNEE B (phyminate B).
&Y 3: FETEE B K 'TH-NMR (600 MHz,
CDCl3) 0: 6.57 (1H, ddd, J = 10.2, 5.2, 2.2 Hz, H-3),
5.84 (1H, dd, J = 10.2, 3.0 Hz, H-2), 4.56 (1H, m, H-
27P), 4.54 (1H, t, J = 3.0 Hz, H-22), 3.75 (1H, dd, J =
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13.3, 1.4 Hz, H-27a), 3.26 (1H, m, H-9), 3.19 (2H, m,
CH;CH,0), 3.10 (1H, m, H-16) 3.02 (1H, m, H-25),
2.44 (1H, dd, J = 14.2, 3.7 Hz, H-23B), 2.40(1H, m, H-
4p), 2.35 (1H, m, H-4a), 2.30 (1H, m, H-8), 2.18 (1H,
s, H-21), 2.06 (1H, m, H-12p), 2.02 (1H, m, H-230),
1.98 (3H, s, H-28), 1.79 (1H, m, H-12a), 1.72 (1H, m,
H-7p), 1.69 (1H, m, H-11a), 1.68 (1H, m, H-7a), 1.60
(1H, m, H-12B), 1.25 (3H, s, H-28), 1.24 (3H, s, H-19),
1.10 (1H, m, H-11B), 0.99 (3H, t, J = 6.8 Hz,
CH;CH,0); BC-NMR (150 MHz, CDCls) d: 208.7 (C-
15),206.9 (C-1), 172.6 (C-18), 167.2 (C-26), 141.4 (C-
3), 128.3 (C-2), 107.7 (C-14), 81.1 (C-5), 81.1 (C-20),
80.6 (C-17), 80.1 (C-13), 77.2 (C-22), 68.8 (C-6), 60.8
(C-27), 57.3 (CH3;CH,0), 56.3 (C-16), 54.9 (C-
10),51.0 (C-25), 38.4 (C-8), 33.0 (C-23), 31.2 (C-24),
29.9 (C-9),28.1 (C-4),27.6 (C-7), 26.7 (C-12), 26.0 (C-
11), 25.1 (C-28), 21.0 (C-21), 15.4 (CH;CH,0), 14.0 (C-
19). FfE 5 SCkiRIEFE A — S, S E A 3 N
Sa-ethoxy-6B-thydroxy-5,6-dihydrophysalin B.

tEY 4. AERK; "H-NMR (600 MHz,
DMSO-ds) d: 6.43 (1H, s, 14-OH), 6.08 (1H, s, 13-OH),
6.07 (1H, d, J = 11.2 Hz, H-4), 5.93 (1H, s, OH-25),
5.70 (1H, d, J = 4.8 Hz, H-6), 5.67 (1H, m, H-3), 4.42
(1H, d, J= 5.3 Hz, H-22), 3.42 (1H, d, J = 20.0 Hz, H-
2),2.95 (1H, dd, J=10.4, 7.4 Hz, H-9), 2.78 (1H, s, H-
16), 2.71 (1H, dd, J = 14.3, 5.3 Hz, H-23), 2.61 (1H,
dd, J=20.0, 4.3 Hz, H-2p), 2.44 (1H, dd, J = 14.3, 4.8
Hz, H-70), 2.15 (1H, m, H-12a), 2.07 (1H, m, H-7B),
2.06 (1H, m, H-8), 1.86 (1H, m, H-128), 1.75 (3H, s,
H-21), 1.43 (3H, s, H-28), 1.38 (1H, m, H-23f), 1.36
(1H, m, H-11a), 1.36 (3H, s, H-27), 1.08 (1H, m, H-
11B), 1.06 (3H, s, H-19); '*C-NMR (150 MHz, DMSO-
ds) 6:215.4 (C-15), 202.6 (C-1), 172.5 (C-18), 169.9
(C-26), 146.5 (C-3), 135.9 (C-5), 127.0 (C-2), 124.4
(C-6), 100.9 (C-14), 82.9 (C-20), 82.2 (C-17), 79.2 (C-
13), 76.7 (C-22), 72.6 (C-25), 52.7 (C-10), 51.4 (C-16),
42.0 (C-8), 41.1 (C-24), 34.5 (C-9), 32.3 (C4), 28.9 (C-
12), 27.0 (C-23), 25.9 (C-7), 23.2 (C-11), 22.4 (C-28),
20.7 (C-21), 19.5 (C-27), 16.2 (C-19). ¥z 5 ClkIRiE
FEAR—F, i e A 4 4 physalin V.

&Y 5. HERK: 'H-NMR (600 MHz,
DMSO-de) d: 9.56 (1H, dd, J=2.3, 0.9 Hz, H-3'), 8.67
(1H, m, H-2"), 8.62 (1H, m, H-5'), 7.13 (1H, m, H-4"),

6.58 (1H, ddd, J=10.0, 5.0, 3.0 Hz, H-3) 5.91 (1H, dd,
J=10.0, 3.0 Hz, H-2), 5.24 (1H, s, H-6), 4.76 (1H, m,
H-22), 4.75(1H, d, J = 13.5 Hz, H-27B), 4.31 (1H, m,
H-9), 4.00 (1H, dd, J = 20.5, 5.0 Hz, H-4p), 3.98 (1H,
dd, J=13.5, 4.0 Hz, H-270), 3.59 (1H, dt, J=20.5, 3.5
Hz, H-40), 3.16 (1H, s, H-16), 3.08 (1H, dt, J = 12.6,
3.5 Hz, H-8), 2.97 (1H, m, H-25), 2.90 (1H, m, H-7p),
2.64 (1H, m, H-23pB), 2.38 (3H, s, H-21), 2.32 (1H, m,
H-12pB), 2.20 (1H, m, H-230), 2.12 (1H, m, H-11B),
2.03 (1H, m, H-70), 1.60 (1H, m, H-12a), 1.55 3H, s,
H-19), 1.42 (1H, m, H-11a). 1.31 (3H, s, H-28); 13C-
NMR (150 MHz, DMSO-de) 6: 209.7 (C-15), 202.4 (C-
1), 171.6 (C-18), 167.3 (C-26), 163.3 (C-6'), 153.8 (C-
2", 150.3 (C-3"), 142.4 (C-3), 137.4 (C-5'), 127.3 (C-
2), 126.1 (C-1'), 123.8 (C-4"), 106.5 (C-14), 91.5 (C-5),
81.0 (C-17), 80.5 (C-13), 78.7 (C-20), 76.4 (C-22), 65.5
(C-6), 60.6 (C-27), 54.0 (C-16), 53.9 (C-10), 49.3 (C-
25), 37.9 (C-8), 31.3 (C-24), 30.5 (C-9), 30.3 (C-4),
28.7 (C-6), 26.8 (C-28), 25.9 (C-11), 24.4 (C-12), 21.6
(C-21),13.2 (C-19). Hf 5 SCHRHE T A — 520,
W E G 5 9 physaminin F.

twEY 6: HEMAK; HNMR (600 MHz,
CDCls) 6: 6.95 (1H, dd, J = 10.0, 5.7 Hz, H-3), 6.18
(1H, d, J=10.0 Hz, H-2), 6.01 (1H, d, J= 2.5 Hz, H-
16), 5.90 (1H, d, J= 2.5 Hz, H-15), 4.48 (1H, s, H-22),
4.48 (1H, s, H-23), 4.06 (1H, d, J = 6.0 Hz, H-4), 3.36
(1H, m, H-6), 3.13 (1H, m, H-20), 2.93 (1H, m, H-7a),
2.36 (1H, m, H-9), 2.24 (1H, m, H-11a), 2.07 (1H, m,
H-8), 2.42 (3H, s, OAc), 1.98 (1H, m, H-7), 1.87 (1H,
m, H-12a), 1.87 (3H, s, H-19), 1.84 (3H, s, H-28), 1.84
(3H, s, H-27), 1.71 (1H, m, H-12B), 1.61 (1H, m, H-
11B), 1.47 (3H, s, H-18), 1.37 (3H, d,J="7.0 Hz, H-21);
I3C-NMR (150 MHz, CDCls) &: 202.4 (C-1), 169.9
(OAc), 164.6 (C-26), 161.5 (C-17), 151.2 (C-24), 142.9
(C-3), 131.6 (C-2), 122.7 (C-16), 122.5 (C-25), 83.2 (C-
22), 83.0 (C-15), 81.8 (C-14), 69.7 (C-4), 66.1 (C-23),
63.8 (C-5), 63.4 (C-6), 52.3 (C-13),47.7 (C-10), 39.5 (C-
9), 37.3 (C-12), 35.0 (C-8), 33.6 (C-20), 24.7 (C-7), 21.8
(C-11), 21.5 (OAc), 17.6 (C-21), 17.3 (C-18), 16.3 (C-
28),15.9(C-19), 13.0(C-27). H¥a 5 CERiRIEIEA—
2, ML EAED) 6 4 physagulide D

&Y 7. B A 'H-NMR (600 MHz,
DMSO-de) 6: 5.56 (1H, dt, J = 4.5, 2.1 Hz, H-6), 4.43



F8 B 2026F5H $£57% B0 Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

* 3691 »

(1H, dt, J=13.3, 3.5 Hz, H-22), 4.35 (2H, q, J= 12.6
Hz, H-27), 3.96 (1H, tt, J = 11.0, 5.0 Hz, H-3), 3.83
(1H, t,J=2.8 Hz, H-1), 3.04 (1H, s, H-5), 2.51 (1H, m,
H-23a), 2.39 (1H, m, H-4a), 2.31 (1H, m, H-4p), 2.10
(1H, m, H-2a), 2.02 (1H, m, H-23pB), 2.03 (3H, s, H-
28), 1.98 (1H, m, H-70), 1.68 (1H, m, H-16a), 1.63
(1H, m, H-15a), 1.61 (1H, m, H-9), 1.58 (1H, m, H-7pB),
1.68 (1H, m, H-160), 1.49 (2H, m, H-11), 1.37 (1H, m,
H-16pB), 1.15 (1H, m, H-15p), 1.02 (3H, s, H-19), 1.03
(3H, d,J=6.6 Hz, H-21),0.71 (3H, s, H-18); 3C-NMR
(150 MHz, CDCls) 6: 167.2 (C-26), 153.3 (C-24), 137.6
(C-5), 125.7 (C-6), 125.4 (C-25), 78.9 (C-22), 73.0 (C-1),
66.4 (C-3),57.4 (C-27),56.3 (C-14), 52.1 (C-17),42.9 (C-
13),41.7 (C-10), 41.6 (C-9), 41.4 (C-4), 39.5 (C-12), 38.9
(C-20), 38.4 (C-2), 31.9 (C-7), 31.8 (C-8), 29.9 (C-23),
274 (C-16), 24.5 (C-15), 20.3 (C-28), 20.2 (C-11), 19.5
(C-19), 13.5 (C-21), 11.8 (C-18). % 5 kR FA
—E22, W ENEY) T N pubesenolide.

&Y 8: HERK; 'H-NMR (600 MHz,
CDCls) 6: 6.95 (1H, dd, J = 10.4, 2.2 Hz, H-3), 6.28
(1H, dd, J=10.4, 2.2 Hz, H-2), 5.66 (1H, s, H-15), 5.61
(1H, s, H-4), 4.49 (1H, dt, J= 13.0, 3.4 Hz, H-22), 4.45
(1H, s, H-6), 3.09 (1H, m, H-7a), 2.45 (1H, m, H-9),
2.42 (1H, m, H-160), 2.36 (1H, m, H-8), 2.29 (1H, m,
H-20), 2.29 (1H, m, H-23a), 2.22 (1H, m, H-7p), 2.14
(3H, s, OAc), 2.01 (1H, m, H-16), 1.98 (1H, m, H-12a),
1.95 (1H, m, H-23p), 1.92 (3H, s, H-27), 1.77 (1H, m,
H-128), 1.60 (3H, s, H-28), 1.58 (3H, s, H-19), 1.52
(1H, m, H-11a), 1.36 (3H, s, H-18), 1.34 (1H, m, H-
11p), 1.07 (3H, d, J= 7.0 Hz, H-21); 3C-NMR (150
MHz, CDCls) §: 201.0 (C-1), 169.8 (OAc), 166.8 (C-
26), 150.0 (C-24), 144.2 (C-3), 128.0 (C-2), 121.9 (C-
25), 84.4 (C-14), 80.7 (C-15), 78.8 (C-5), 78.7 (C-22),
74.6 (C-6), 67.0 (C-4), 55.9 (C-10), 52.9 (C-17), 46.6
(C-13), 42.5 (C-12), 40.2 (C-9), 39.9 (C-8), 37.2 (C-
20), 33.1 (C-7), 32.3 (C-16), 32.0 (C-23), 22.5 (C-11),
21.6 (-OAc), 20.7 (C-28), 17.5 (C-18), 17.0 (C-21),
12.5(C-27), 9.1 (C-19). %5 ChkfoE SEA— 24,
W B EY) 8 N physaminilide 1.

3.2 HYNEMITEN

KA MTT ¥, XS e &t 7
VG IR I, DA 22 (adriamycin, ADR) {EFH
X, g5 RN, (L&Y 1.3~5 X HCT116. MDA-

MB-231 #il HEL BA BEHMREN: (R 2). hE
Y 1. 3 F1 5 X HCT-116 #UlE LR Eemh ik &
(median inhibition concentration, ICsp) fEH N (10.97+
1.62) ~ (39.20+2.17) umol/L; t£&4) 3 X MDA-
MB-231 # il 5V ICs0 {6 4(19.36 = 1.03D)pumol/L,
WA 1, 3. 4% HEL #iEERT ICs (BN (8.27+
0.37) ~ (38.97%1.77) pmol/L; H A EWITE 40
umol/L ¥ % R WA R I A 1 o S L d e
EIHEEY) 3 5EEREY (20 6. 7. 8) M4
FJRFIE, AT “Michael 32447 “I0REEL” A1 “M
BELER)” JEIETE 3 EHER

£2 {LA&4% HCT116. MDA-MB-231 1 HEL 4AAf189

HHIEME
Table 2 Inhibitory effects of compounds against HCT116,
MDA-MB-231, and HEL cells

ICso/(umol .71

e HCT116 MDA-MB-231 HEL

1 39.20+2.17 - 19.85+0.41
3 10.97+1.62 19.36+1.03 8.27+0.37
4 - - 3897177
5 31.281£231 - -

ADR 1.20+0.07 0.82+0.15 0.151+0.09

€7 MPRASE A 40 pmol LB, LAV ARRBLHIHIMEM .
“~When the test concentration was 40 umol-L™!, the compound did not

exhibit any inhibitory effect.
4 Tig

RARF=YIAE IR VAT 7 LA 280 A R
LR, 2 HRTBUMR Z R I A Rug R —.
P 56 DA i 2R A2 R R SR A R A P R A, %
Koy BA B MR, A —D
TR BGUMIR 2R 71, Tk, AW TR RGN
BHEY) /NI B ES RN SR, 5152
8 MEAMNEERAY), BFE 2 ML EY. N4
MR, &% 1 ZEA 22,26-HF /BRI I
=, MEY 2 Z2ENEA 24-NREH LK C-14
5 €27 Z 1A BRI 22,26-JF3R-BR T R . 1k
AMTURRIE R, LAY 1. 3~5 XF 3 B[] i
SN AR I — e HhE T, HICso Hv (8.27+
0.37) ~ (39.20%2.17) pmol/L.

WIPRIRR R MR, 38 withanolides 1L,
BV RN M TS 1 ) OCBREAE T HARA I <8R
FRIZIERAVE LR, DL A SR AN AT D o B-ANHL
AR B B 7 SR R — 0 T A
Michael HHRCSZARISCHEAE AT, FLAEM AL 2
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SEIREER SR HATEENE, BRS
(R B MR | 24550 SR IR S &R
FATAEY (A 3~5) ¥R RUF 4 setE,
SERIRONTRT IR (6 A1 8) 7E 40 pmol/L ¥R
TIGIENE, IR SRR R A B SRS T
BE RN BOCE L b, (IBESS R TR T I )
KRR, WHALAEDI 1, 18 C-24 5] NRFRFHEH
ATAEYD 2 WETETE AR . MUt a3 7 C-4
Mgl NCEEEE, HIEMMR a1 M4 1538 1
WEST, X C-4 A AeE IR AR ] e AL
T S5EASE NRENEKAHEER .

A FE AN FE SE T R 9% I i P T 2 1) 4
FiE 5, BEEEIHEG SRR SS, VI ER
TR E AT R 51 2R RO 5T 3X
— R INER I RIRSE R 2 B 5 68
VIR R T O BRI S B2 E A o
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