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Abstract: Objective To investigate the chemical constituents of Buxus microphylla and their anti-hepatocarcinoma activity in vitro.
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semi-preparative HPLC and preparative TLC. Their structures were elucidated by physicochemical properties and spectral analyses.
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The cytotoxicity of the isolates against human hepatocellular carcinoma HepG2 and Hep3B cells was assessed using the MTT assay.
Flow cytometry was employed to analyze cell apoptosis. Western blotting was used to detect the expression of proteins related to cell
apoptosis. Results Eighteen compounds were isolated and identified from the 70% ethanol extract of B. microphylla, including
hederagenin (1), 3-O-B-D-glucopyranosylspinasterol (2), fagracanolide (3), rel/-(2a,3p)-7-O-methylcedrusin (4), caruilignan D (5),
(7'S,8R,8'S)-isolariciresinol  (6), 3-hydroxy-1,2-dimethoxyanthrone (7), 1-methoxy-2,3-methylenedioxyanthrone (8), 1,2,3-
trimethoxyanthrone (9), syringaldehyde (10), syringic acid (11), vanillic acid (12), p-hydroxybenzoic acid (13), polygital (14), 9-
pentacosenoic acid (15), rhamnakoside B (16), lupeol (17), and betulin (18). The in vitro activity screening revealed that compounds
2, 3, 16—18 exhibited cytotoxicity in HepG2 and Hep3B cells, among which compound 2 was the most potent. compound 2
significantly increased the proportion of apoptotic cells and elevated the expression of apoptosis-related proteins such as Bax, decreased
the expression of Bel-2, all of which were statistically significant compared with control group (P <0.001) at 10 pmol/L. Conclusion
Compound 1 and 17—18 are triterpenoids; Compound 2 is a steroidal glycoside; compounds 3—6 are lignans, compounds 7—9 are
anthrones, compounds 10—13 are phenolic acids, and compounds 14—16 are other types. Among them, compounds 2—S5, 7—9, and
14—16 are isolated from the genus Buxus for the first time. In the anti-hepatocarcinoma activity assay, compound 2 demonstrated
significant effects, with ICso values of 5.87 pnol/L and 6.42 pnol/L against HepG2 and Hep3B cells, respectively. Moreover, it
effectively induced apoptosis in HepG2 cells.

Key words: Buxus microphylla Siebold & Zucc.; hepatocellular carcinoma; cytotoxic activity; apoptosis; 3-O-p-D-glucopyranosyl-

spinasterol; 3-hydroxy-1,2-dimethoxyanthrone; polygital

fF4i s (hepatocellular carcinoma, HCC) &
ERRTR R ABCT 2RI JEm 7T S s, s
2 HBT FBAR, T RH AN, WRAR
PR SR FUE Y R AR (P R . BT
IR RNEGFE & /N E ¥ Buxus microphylla
Siebold & Zuce. [T 124, BACLTERWE TR,
AR BGHUME. P WIAEEERP, Hikz:
oy EEASE A, BRI R R A
BRI 0 R LA o B B s 1, (HHARER
PR YT 2 D (cyclovirobuxine D, CVB-D) Xif
HepG2 ZHu i A BRY, HkZEx s
PR KA AL ) R G 5T

NI BB AR T I R 24 0P o Rt A
FAHZRONN R, RGIT R HAL 2180y ARSIt
s T . R RS S AR, ZRaisH
ZI SRR 5E T, e 18 M
G, SN RS H G (hederagenin, 1),
3-0-B-D-glucopyranosylspinasterol (2). fagraeanolide
(3). rel-(20,3p)-7-O-methylcedrusin (4). caruilignan
D (5). (7'S,8R.8'S)-F KM KNFE [(7'S,8R8'S)-
isolariciresinol, 6]. 3-¥£3&-1,2-— FH A EEMIER (3-
hydroxy-1,2-dimethoxyanthrone, 7)- 1-F 45 %%-2,3-1Ik.
o= & 2 mh B  C 1-methoxy-2,3-methyl-
enedioxyanthrone, 8). 1,2,3-=H S IEMIAH (1,2,3-
trimethoxyanthrone, 9). T &% (syringaldehyde,
10). T#&M (syringicacid, 11). FH[R (vanillic
acid, 12). XFHEAHER (p-hydroxybenzoic acid,

13). I EWERE (14). 9-—+ FHFEHR (9-pentacosenoic
acid, 15). rhamnakoside B (16). 15 %./¢ (lupeol,
17) FIEMEFERE (betulin, 18). HAv, L&Y 2~
5. 7~9 Al 14~16 HI N E IR JE 7 2153,
BRI MTT SEERVENT 1 70 B33 A6 &0t
T ANHFE4IHE HepG2 A1 Hep3B XA FE N1 -
SERERWH, 1A 2. 3. 16~18 X} 2 R4 R
HANEEE, HAe S 2 fiE R, HAREE
] ¥ (median inhibition concentration, ICso) {H4)
58 5.87. 6.42 ymol/L. N T A FALAEY) 2 HIPLIT
Jae A AL, R A 24 O ARAS DU 6T HepG2 4l
PFTII52m, @i Western blotting #6177 T AH %
HH B 4 ESRE-2 (B-cell lymphoma-2, Bcl-2)
5 Bel-2 KBt X & (recombinant Bel-2 associated
X protein, Bax) [FFRE/KF-. 4iREW, hEY 2
RE% 15 T HepG2 4l IA T2, I LA T- 5 H Bax.
TEPUEH T EARRIE. AT S R AR
P B OSSR, IR U 25 T K 42
AU EY.
1 XEEH
1.1 5

EMARZEN T 2024 4 2 AW EWILE 2 E 24
M, ZRE %R R T R 2T 5T = FH
{E 25T % 52 N/NHFE 4 B. microphylla Siebold &
Zuce A2 o FRAR (ZH240123) 7T ILZR B 2%
Bl e h = 2B 70 s ==

F2 4 2450 TR ER: Sephadex LH-20 (Pharmacia
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AT, ok PR R e TR AR (75 S A T AR
A & FbE FEE. IE T B fraiilksn Ok
AT E TN TAERARD; ko CHEE,
NG, FEFEMLTHSRA R A A D); HepG2 40
Hep3B #iiffl. LO2 4Hf (RICGE 1 34E anRH A R
AFED; Jad Mg QLI UEF AR AR A FD;
DMEM &bl 7R3k, 1 XPBS 22« 5%BSA 4]
WAL R FERHCA R A FD; 0.25%/EE EF (L
TR A IR 2 7] ) ; RIPA 243 \BCA
B IR BEI %77 & . Western Blot AH<1R877 (it
BB REVH A A IR 2] ; Annexin V-FITC/PI
YA PE T A AT B (VLI LR AR AR R 00 PR
AT)); Pifk Bax. Bel-2(3E[H CST A 7))l GAPDH
(EEEXwEWAT); PVDF i (3£E Millipore 24
D EmAEFEZM (2E Thermo AF]D; R
W R A R 2R A TR A D,
1.2 &5

TX100 24/ Z Dy REFREL. AN (B
K 25 %G BRA 7)) ; Thermo Fisher Ultimate 3000
R v O 8 3% 4 . Q-Exactive PUZRAT-# Fa 3%
B MR R 248 (3£ [E Thermo Fisher Scientific
NE]D; Inova-600 TAZRIILIR 1A (3£ Varian
/AT)); Anton Paar MCP 300 AU eyt (4 [ 22 4
/A7)); Buchi Gradient Former B-687 % i [y #H {4,
A (Pharmacia A ] ); LC-10T Z &R0 AH itz
(SPD-10A BRI AMa il 4, HAHEAF); SENCO
R 28 RAL (LW AR AR AR D); YMC-
Pack ODS-A *f:ffill & 154+ (250 mm X 10 mm, 5 pm)
(HA YMC A 7]); CytoFLEX iU i (36 [ N
B EREE AT HEKAY PowerPacTM Basic (3£
BIO-RAD AF]D; K6 HT1X Spark (37
LU A PR AT ); HCP-168E ALk 754
(F Bl R RST R A R A D XDS200 2445
BAEYEME QL RENERFEARARD; &l
RIR B OHL (3EE Thermo A F)); TD5A-WS BI&
AR 0L G R B OB A PR A DD 1
HZ IR A G EFAERHE AR AFD.
2 ik
21 REERESE

FMARZERRTE (10kg), 70% ZEERIRAREL 3 7,
BIFSEIBIREAR S, THEE 560.2 go RENIKETT,
WK FABERR C B 1E T BEAEEL, 435S BIRETR L Bei L
(87.5g). 1IETHEANL (603 @)+ 7KEBAL (1455 ),

BEIR LR (87.5g) SRERFEEIE (100~
200 H), FH=&F5e-FEE (100 : 0—0 : 100D £/
Vet ZE A& 153 Fr. 1~7. Fr. 1 (113¢g) &
Tk A € (200~300 H ), F & ke- (40 ¢
130 : 1D B Ve & 15 Fr. 1-1~1-3. Fr. 1-2(1.2
g) 4 Sephadex LH-20 #E/RAF (A1, 4 HPLC
IYE AL (RIEE-7K 30 0 70) 346E1 (8.5 mg,
k= 17.36 min); Fr.3 (10.6 g) ZLrERHFE EIE (200~
300 H), HZEHGE-HEE (20 1 15150 D BRED
Jii & 45 Fr. 3-1~3-4. Fr.3-3 (2.5g) £ Sephadex
LH-20 &EEAE (O3 . o S Crs i CHIEE-/K
30%~100%86 L BEML) 7 B 2l R i AL &)
3 (10.6 mg) 4 (6.01 mg) A 11 (132 mg). Fr. 5
(9.5g) ARERFEEIRE (200~300 H), & Hk-H
BE (10 0 158 1 1) BREEWEM & 1 Fr. 5-1~5-2.
Fr.5-2 (3.1 g) £ Sephadex LH-20 HfAE it
% HPLC 7r S 4lift, (FHEE-7K 50 500 B46E4
5 (47mg, ®r=10.26 min). 7 (22.2mg, r= 14.12
min). 8 (16.2mg, = 18.23min) 19 (16.0 mg,
k= 21.16 min); Fr. 6 (800.3 mg) ZHEMH: i
(200~300 H)>, M & HFH-FEE (80 1 15651 1)
B REPe i & 915 Fr. 6-1~6-3. Fr. 6-2 (124.5 mg)
Zoh R A Crs A CHFEE-/K 40%~ 100%45 5
Vel @it A& 6 (102 mg).

IETEERRAL (60.3 g) LRERA: RS (100~200
H), & Fhe-FEE (100 : 0—0 : 100) BHEEH:
JIit 7 2 0 R G 0 5 15 Fr. 8~12. BEMi I AR P bT H
th&¥ 2 (205.7mg) 110 (12.1mg). Fr.8 (12.2
o) ZREIAE i (200~300 H), H 50 - H i
(100 : 1580 : 1) BEFEEBEMASMHAY) 12 (18.4mg)
114 (14.7mg). Fr.9 (6.5g) £ Sephadex LH-20
B FE i | 2] 4% HPLC 20 B 4lith (ZJ-/K 35 ¢
65) /AL &1 13 (22.2 mg, = 19.36min). Fr.10 (2.5
g) AR (200~300 H), 5 H k-
(30 : 15 1) BREVEMAF Fr. 10-1~104. Fr. 10-1
(623.3mg) Z¥:H4% HPLC 232t (Zf5-7K 50 :
50) LA 15 (27.4 mg, k= 20.16 min). Fr. 11 (540
mg) ZRERH: L (200~300 H), H 5 H ke Eg
(90 : 1550 : DHEEHEML, Vel A2 ik &4 16
(17.0mg). 17 (13.5mg) F118 (14.0 mg).

2.2 RIMARHEIEMER
2.2.1 ZfukiFE HepG2. Hep3B 1 LO2 i &
10%I64- M3E « 1%75 5% % -4 % R ¥ = #% DMEM 5
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FRHE, 1E37 C. 5% COMEEFRF TR, 1~2d
B, 3~4d AT, A LI IE MRS R
U BLAL T 0 HUE KR 3T
222 MTT ENEAMIEETE L K HepG2.
Hep3B Al LO2 408 LL 1X10° /mL #F1T 96 4L
B2, 100 uL/fL, BFLIIAN 100 uL 52485553, BT
37 C. 5% CO KiFRA K5 7% 24 h, Fr4ifiuse 4=
B B A RRSTRE G AT 2 AL B . BB A D R
(& SEARETRAEE, UMD MR (ranpe+
IE W e D . AT (F i+ A
[F) TR BE A 2 (1 25 35 5 38, AW E 6 MR L. 7
2 96 FLIRJFEAEFREE, 2 EX A5 B PR R 2
FEFLIIA 100 pL AN E 20 56 35 7758, 25 Ak
HEFLA B 100 pL WK E R 1004 50, 20+ 10
5 umol/L W& Zssaeht, BiRRAN 96 FLRME LR
5], REEE TG 240 J5, FFLIIA 20 i
S5mg/mL () MTT %, EOGHFE 4h. 3% 13,
FLIMA 150 uL DMSO, FEgARYT 490 nm A< H I
ERFLIRIEE () {H. AR HAIAAER.

AR % = (2 AL BRSPS A (L — 2 I 4LFY 4
{E)(BAE R BB SP-1) 4 1 — 28 (A7 4 1)
2.2.3  Annexin V-FITC/PT XUSSEA 2040 ARG 41
MR BEAEKIRES R IF B AL T 0 # AR K
HepG2 4Hifig, LA 3X105A/FLERT 6 fLARH, #E
R IEZH AN R EE 25D A A (1.5 10 pmol/L),
B 3 AMESL, E 24h. UEEAIND, H PBS B,
TN I X G55 SMRE R, RIS 5
uL Annexin V-FITC 15 uL PI 4L, V515 =Rk
JEMFE 10~15 min, R ANILOGHA TR .
2.2.4 Western blotting f&lJH TR E ARIE ¥
XA K IR HepG2 40 1 X100 AN/ALEEF T 6
FLARH, AR FRERRAG G (LR
25, 104 5. 1umol/L), §%E 24h J5, UNAE4HNIE
JUVE, F PBS P&, MM 100 pL IP 24AEW, 0K -
ZUR 1h, 4 C. 10 000X g B.0» 20 min, HX_Eif.
KA BCA L EAWRE . AR ER RS,
HBEAT T e BB R AN - SR U M IR e B R vk, B R
PVDF fii, HE AR ERS A 2h, FEEMA—d
4 CWEER: veikia, EEME —h Lh, s
B3, KA UE R 500 4w KR .
3 #R
3.1 ZHEE

&Y 1. ABLEERM K. (+)-ESIMS m/z

473.4 IM+H]", TN C30Has04. 'H-NMR (600
MHz, DMSO-ds) §: 5.16 (1H, t, J= 4.2 Hz, H-12), 3.89
(1H, m, H-3), 3.87 (1H, d, J= 6.3 Hz, H-23a), 3.40 (1H,
d, J = 3.7 Hz, H-23b), 2.98 (1H, dd, J = 14.0, 4.6 Hz,
H-18), 1.85 (1H, m, H-15a), 1.77 (1H, m, H-16a), 1.97
(1H, m, H-22a), 1.66 (1H, m, H-16b), 1.62 (1H, m, H-
11a), 1.56 (1H, m, H-2a), 1.48 (1H, m, H-19a), 1.47
(1H, m, H-22b), 1.46 (1H, m, H-9), 1.36 (1H, m, H-6a),
1.30 (1H, m, H-7a), 1.24 (1H, m, H-1a), 1.22 (1H, m,
H-5), 1.13 (1H, m, H-b), 1.11 (1H, m, H-21a), 0.97 (1H,
m, H-19b), 0.96 (1H, m, H-7b), 0.92 (3H, s, Me-27),
0.88 (1H, m, H-21b), 0.84 (1H, m, H-15b), 0.78 (1H,
dt, J=17.6,3.8 Hz, H-1b), 1.09 (3H, s, H-24), 0.87 (9H,
s, H-25~27), 0.71 (3H, s, H-29), 0.53 (3H, s, H-30);
BC-NMR (150 MHz, DMSO-ds) 6: 179.1 (C-28),
144.3 (C-13), 122.0 (C-12), 70.7 (C-3), 64.4 (C-23),
47.0 (C-5), 46.9 (C-9), 46.2 (C-17), 45.9 (C-19), 42.3
(C-4), 41.8 (C-14), 41.3 (C-18), 39.3 (C-8), 38.4 (C-1),
36.8 (C-10), 33.8 (C-21), 33.3 (C-22), 32.6 (C-29), 32.5
(C-7), 30.9 (C-20), 27.7 (C-15), 27.0 (C-2), 26.1 (C-
27), 23.9 (C-30), 23.4 (C-11), 23.1 (C-16), 18.0 (C-6),
17.4 (C-26), 16.0 (C-25), 13.1 (C-24). 5 CHkRkiE
NMR 4 RS, e ey 1 A ERREHIT.
EAREEN R, SCEROOCEEAZ 0 AT HED T %855
(AR, T AHIE 72 1 IR MAZ B A A 73 25 159 31 3L
PARAEY)

e 2: AETLEMMAK. o]y -12.4(c0.18,
CH;0H); (+)-ESIMS m/z 5752 [M+H]", 2+ TN
C3sHssO06. 'H-NMR (600 MHz, Pyridine-ds) J: 3.46
(1H, m, H-3), 5.20 (1H, m, H-7), 0.58 (3H, s, H-18),
0.71 (3H, s, H-19), 1.07 (1H, d, J= 6.6 Hz, H-21), 5.16
(1H, dd, J=16.0, 8.8 Hz, H-22), 4.99 (1H, dd, J=16.0,
8.8 Hz, H-23), 0.84 (3H, d, J = 6.6 Hz, H-26), 0.90 (3H,
d, J = 6.6 Hz, H-27), 0.88 (3H, t, J = 6.9 Hz, H-29),
5.01 (1H, d, J= 7.8 Hz, H-1"); *C-NMR (150 MHz,
Pyridine-ds) d: 139.3 (C-8), 138.5 (C-22), 129.4 (C-
23), 117.6 (C-7), 102.0 (C-1"), 78.4 (C-5"), 78.3 (C-3"),
76.9 (C-3), 75.2 (C-2"), 71.6 (C-4"), 62.7 (C-6'), 55.8
(C-17), 55.1 (C-14), 51.2 (C-24), 49.4 (C-9), 43.2 (C-
13), 41.0 (C-20), 40.9 (C-5), 39.4 (C-12), 37.1 (C-1),
34.5(C-10), 34.3 (C-4), 32.0 (C-25), 29.8 (C-2, 6), 28.7
(C-16), 25.5 (C-28), 23.1 (C-15), 21.5 (C-11), 21.4 (C-
21),21.1 (C-27), 19.0 (C-26), 12.8 (C-19), 12.3 (C-29),
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12.0 (C-18). FHorfr, S Bl A vy HH B R A0 2 Ar #
[H3-26: 0u 0.84 (d, J = 6.6 Hz), H3-27: 61 0.90 (d, J =
6.6 Hz)], c 41.0 (C-20) 55 20R,24S5-F 24 /] 3-O-B-D-
glucopyranosylspinasterol FHIEEAR VI & o HUE EAL
EW) 2 24 3-O-B-D-glucopyranosylspinasterol .

&Y 3: FHEEARY). (+)-ESIMS m/z 433.2
[M-+HJ*, T3 N CuH2400. 'H-NMR (600 MHz,
DMSO-ds) J: 6.69 (2H, s, H-2", 6", 6.63 (2H, s, H-2",
6), 5.42 (1H, d, J = 4.8 Hz, H-2), 5.15 (1H, d, J= 3.6
Hz, H-6), 4.22 (1H, t, J = 8.4 Hz, H-4a), 4.00 (1H, dd,
J=42,9.6 Hz, H-4b), 3.78 (12H, s, 3', 5", 3", 5"-OMe),
3.83 (1H, dd, J = 9.6, 3.6 Hz, H-1); BC-NMR (150
MHz, DMSO-ds) d: 177.2 (C-8), 148.0 (C-3', 5"), 147.9
(C-3", 5"), 135.7 (C-4"), 135.1 (C-4"), 130.2 (C-1"),
129.7 (C-1'), 103.8 (C-2", 6"), 103.5 (C-2', 6'), 84.9 (C-
6), 83.0 (C-2), 72.3 (C-4), 56.1 (3', 5'-OMe), 56.0 (3",
5"-OMe), 52.3 (C-1), 48.6 (C-5). LA EHE 5 kiR
8, M ENAEY) 3 N Fagraeanolide.

e 4: BELEMBMA. (+)-ESIMS m/z
361.3 [M+H]", TR N C20H2406. 'H-NMR (600
MHz, CD;0D) ¢: 5.50 (1H, d, J = 6.0 Hz, H-2), 3.47
(1H, t,J= 7.7 Hz, H-5a), 3.83 (1H, m, H-3a), 3.76 (1H,
m, H-3a’), 6.74 (2H, brs, H-4,6), 2.62 (1H, td, J = 6.2,
6.3 Hz, H-3), 1.81 (1H, tt, J = 6.5, 7.7 Hz, H-5b), 3.58
(1H, t,J= 6.5 Hz, H-5¢), 6.96 (1H, brs, H-2"), 6.84 (1H,
d, J= 7.8 Hz, H-5"), 6.77 (1H, brd, J = 7.8 Hz, H-6"),
3.86 (3H, s, 7-OMe), 3.82 (3H, s, 3'-OMe); 3C-NMR
(150 MHz, CD;0D) 6: 87.1 (C-2), 53.5 (C-3), 63.1 (C-
3a/a’), 116.1 (C-4), 128.1 (C-4a), 135.0 (C-5), 31.0 (C-
5a), 33.8 (C-5b), 60.4 (C-5¢), 112.5 (C-6), 143.3 (C-7),
145.7 (C-7a), 133.0 (C-1"), 108.8 (C-2"), 147.2 (C-3"),
145.6 (C-4), 114.3 (C-5"), 117.8 (C-6'), 55.0 (7-OMe),
54.5 (3'-OMe). 53k NMR #d Ui, #feth &
¥ 4 7 rel-(2a,3B)-7-O-methylcedrusin.

twEY 5: AL EMBMA. (+)-ESIMS m/z
281.1 [M+H]", 73134 CiaH1s06. 'H-NMR (600
MHz, DMSO-ds) 0: 6.64 (2H, s, H-2, 6), 4.64 (1H, d,
J=4.8 Hz, H-7), 3.14 (2H, m, H-8, 8'), 3.59 (1H, dd,
J=6.6,9.5 Hz, H-9a), 4.36 (1H, d, J = 9.5 Hz, H-9B),
3.61 (1H, dd, J=3.9, 9.5 Hz, H-9'a), 3.95 (1H, dd, J =
9.5, 8.2 Hz, H-9'B), 3.78 (6H, s, 3, 5-OMe); '3C-NMR
(150 MHz, DMSO-ds) 6: 178.7 (C-7"), 147.9 (C-3,5),
135.1 (C-4), 129.9 (C-1), 103.6 (C-2), 85.6 (C-7), 70.1

(C-9), 69.4 (C-9"), 56.0 (3,5-OMe), 47.6 (C-8), 45.8 (C-
8. 5k NMR HE a0, HiEiha® 5 N
caruilignan Do

& 6: FEMPIRYI. (+)-ESIMS m/z 383.3
[M+Na]*, 737N CaoH2406. 'H-NMR (600 MHz,
DMSO-de) J: 6.61 (1H, brs, H-2), 6.69 (1H, d, J= 7.8
Hz, H-5'), 6.64 (1H, d, J = 1.8 Hz, H-2"), 6.49 (1H, dd,
J=8.4, 1.8 Hz, H-6'), 6.09 (1H, brs, H-5), 3.74 (1H, d,
J=10.1 Hz, H-7"), 3.71 (3H, s, 3-OCH3), 3.70 (3H, s,
3-OCH3), 3.57 (2H, dd, J = 10.6, 4.0 Hz, H-9), 3.45
(2H, m, H-9), 2.71 (2H, dd, J=12.7, 7.4 Hz, H-7), 1.85
(1H, m, H-8'), 1.63 (1H, m, H-8); 3C-NMR (150 MHz,
DMSO-ds) 6: 133.1 (C-1), 112.3 (C-2), 147.8 (C-3),
144.5 (C-4), 116.7 (C-5), 121.9 (C-6), 32.7 (C-7), 38.5
(C-8), 64.1 (C-9), 137.6 (C-1"), 113.7 (C-2"), 146.0 (C-
3"), 145.0 (C-4"), 115.7 (C-5"), 127.7 (C-6"), 46.4 (C-7",
8"),60.3 (C-9", 56.0 (3-OMe), 56.1 (3-OMe). 5 CHk
NMR 4 LR, B E &4 6 49 (7'S,8R,8'S)-7+:
WA RIEER

wEW 1: FHETLERH K. EL-MS m/z 272
M]*, 4> 73N CisHi20s. 'H-NMR (600 MHz,
DMSO-ds) d: 10.96 (1H, s, 3-OH), 8.11 (1H, dd, J =
7.8, 1.8 Hz, H-8), 7.77 (1H, td, J = 7.8, 1.8 Hz, H-6),
7.53 (1H, d, J= 8.4 Hz, H-5), 7.41 (2H, dt, J=7.8, 1.2
Hz, H-7), 6.77 (1H, s, H-4), 3.87 (3H, s, 1-OMe), 3.80
(3H, s, 2-OMe); '3C-NMR (150 MHz, DMSO-ds)
173.7 (C-9), 157.4 (C-4a), 154.5 (C-4b), 153.7 (C-3),
153.3 (C-1), 138.6 (C-2), 134.2 (C-6), 125.8 (C-8),
123.8 (C-7), 121.6 (C-8a), 117.2 (C-5), 109.1 (C-8b),
99.4 (C-4), 61.5 (1-OMe), 60.8 (2-OMe). ZLAE I
g5 e H NMR 4z 5815 2 2D NMR B3 4T 1)
HE—BHIE. BTE NMR B 5 S0k Eb 0, i
SEAEDN T R 3-FRHE-1,2- - H A LM .

e 8: WA ER K K. EI-MS m/z 270
M]*, 2> ¥ 3N CisHioOs. 'H-NMR (600 MHz,
CDCl3) 0: 7.76 (1H, dd, J= 1.8, 7.8 Hz, H-8), 7.12 (1H,
dt,J=1.8, 7.2 Hz, H-7), 6.86 (1H, dd, /= 8.4, 1.2 Hz,
H-5), 6.82 (1H, dt, J = 8.4, 1.2 Hz, H-6), 6.15 (1H, s,
H-4), 5.55 (2H, s, -OCH,-0-), 3.65 (3H, s, 1-OCH3);
I3C-NMR (150 MHz, CDCls) 6: 141.8 (C-1), 133.5 (C-
2), 153.3 (C-3), 92.5 (C-4), 154.3 (C-4a), 154.4 (C-4b),
116.5 (C-5), 123.3 (C-6), 133.2 (C-7), 126.1 (C-8), 121.8
(C-8a), 110.1 (C-8b), 175.2 (C=0), 101.5 (-OCH2-O-),
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60.5 (1-OCH3). 5 3CHRk NMR #dE L™, #eih s
W) 8 N 1-FEHE-2,3-3 FF S JE M

G 9: A LE M K. EI-MS m/z 286
IM]*, 2 T3 N CiHisOs. 'H-NMR (600 MHz,
CD;0D) d: 8.20 (1H, dd, J = 1.8, 8.4 Hz, H-8), 7.75
(1H, m, H-6), 7.48 (1H, dd, J= 1.2, 8.4 Hz, H-5), 7.33
(1H, m, H-7), 6.94 (1H, s, H-4), 4.01 (3H, s, 1-OMe),
3.98 (3H, s, 3-OMe), 3.87 (3H, s, 2-OMe); 3C-NMR
(150 MHz, CD;0D) d: 153.0 (C-1), 139.5 (C-2), 159.5
(C-3),96.2 (C-4), 154.8 (C-4a), 155.3 (C-4b), 117.1 (C-
5), 134.3 (C-6), 123.7 (C-7), 125.7 (C-8), 121.8 (C-8a),
109.8 (C-8b), 61.1 (1-OMe), 60.4 (2-OMe), 55.6 (3-
OMe), 175.8 (C=0). 53CHk NMR Hdfs LLBU,
SEAEY 9 9 1,2,3-= A LM .

A& 10: EOTLEM K. (+)-ESIMS m/z
183.1 [M+H]", 70 F x4 CoHi004. 'H-NMR (600
MHz, CD;OD) 6: 9.94 (1H, s, H-7), 7.42 (2H, s, H-2,
6), 4.12 (6H, s, 3, 5-OCH3); '3C-NMR (150 MHz,
CD;0D) ¢: 191.0 (C-7), 147.7 (C-3, 5), 141.8 (C-4),
127.3 (C-1), 106.3 (C-2, 6), 54.9 (3,5-OMe). 5 ik
NMR s LS, et a9 10 8 T &k .

&P 11 R ETCE R K. EI-MS m/z 198
M]*, 4 TR A CoHig0s. 'H-NMR (600 MHz,
CD;OD) §: 7.22 (2H, s, H-2, 6), 3.78 (6H, s, 3, 5-
OMe); 3C-NMR (150 MHz, CDs;OD) &: 168.7 (-
COOH), 147.4(C-3, 5), 140.2 (C-4), 120.5 (C-1), 106.8
(C-2,6),55.4(3,5-OMe). 53CHik NMR %#f trzeiel,
WIE ST 11N T FR.

WEW 12: ABTEN K. EI-MS m/z 168
M]*, 4+ F RN CsHsOs. 'H-NMR (600 MHz,
CD;0D) é: 7.55 (2H, d, J = 6.0 Hz, H-5, 6), 6.83 (1H,
d, J = 8.4 Hz, H-9), 3.89 (3H, s, 3-OCH3); '*C-NMR
(150 MHz, CD;0D) d: 152.6 (C-4), 170.0 (C-7), 123.0
(C-2), 148.6 (C-3), 125.3 (C-6), 115.8 (C-5), 113.7 (C-
1), 56.4 (3-OMe). 53CHk NMR £4fi tb07, #f e
AW 12 NEERR .

&) 13: FEEMRY), (+)-ESIMS m/z 139.1
[M+H]", 773X~ CHs03. 'H-NMR (600 MHz,
CD;0D) d: 8.08 (2H, d, J= 7.2 Hz, H-2, 6), 7.02 (2H,
d, J=8.4 Hz, H-3, 5); '*C-NMR (150 MHz, CD;OD)
5:120.8 (C-1), 131.1 (C-2, 6), 114.1 (C-3, 5), 161.4 (C-
4), 168.1 (C-7)o 53CHk NMR i EasUs), #Etk
HE 13 AXTRER AR .

&Y 14: AR E. (+)-ESIMS m/z187.3 [M+
Na]*, 70 73U N CeHi20s. 'H-NMR (600 MHz,
Pyridine-ds) 6: 4.38 (1H, dd, J = 12.0, 4.8 Hz, H-6a),
451 (1H, dd, J=12.0, 2.4 Hz, H-6b), 3.68 (1H, t, J =
10.2 Hz, H-1a), 4.30 (1H, dd, J = 12.0, 5.4 Hz, H-1b),
4.17 (1H, m, H-2), 4.12 (2H, dd, J = 7.2, 2.4 Hz, H-3,
H-5),3.83 (1H, brs, H-4); '3C-NMR (150 MHz, Pyridine-
ds) 6: 82.9 (C-5), 80.4 (C-3), 71.8 (C-4), 71.2 (C-2), 71.0
(C-1), 63.1 (C-6). 53CHR NMR Hd Ebao), #f e ik
E 14 iz EERE

&Y 15 Ao ERE K. EI-MS m/z 380
IM]*, %+ T34 CasHaigOr. 'H-NMR (600 MHz,
CDCl3) &: 1.83 (2H, t, J = 7.2 Hz, H-2), 1.09~1.14
(2H, m, H-3), 0.74~0.83 (8H, m, H-4~7), 1.48~1.51
(2H, m, H-8), 4.82~4.84 (2H, m, H-9,10), 1.48~1.51
(2H, m, H-11), 0.74~0.83 (26H, m, H-12~24), 0.37
(3H, t,J=8.0 Hz, H-25); '3C-NMR (150 MHz, CDCls)
8:179.3 (C-1), 33.5 (C-2), 24.2 (C-3), 28.6 (C-4), 28.8
(C-5), 28.8 (C-6), 29.1 (C-7), 31.4 (C-8), 129.2 (C-9),
129.5 (C-10), 31.4 (C-11), 29.0 (C-12), 28.9 (C-13),
28.7 (C-14),28.5 (C-15),28.6 (C-16), 28.5 (C-17),29.2
(C-18), 29.2 (C-19), 26.7 (C-20), 26.6 (C-21), 24.2 (C-
22), 29.2 (C-23), 22.2 (C-24), 13.6 (C-25). 4% H-
NMR F1 BC-NMR H115 5 #AL T m ez &4
FMWT G, ARG T 6 179.3 (C-1) 1%
SCHERARIE RO B, BEA S 15 v - F kPR

&M 16: AETEMHAR. (+)-ESIMSm/z
677.3 [M+H]", 7 73RN CasHz6017S - 'H-NMR (600
MHz, Pyridine-ds) 6: 6.15 (1H,d,J=7.2 Hz, H-1),4.21
(1H, t, J=10.2 Hz, H-2), 4.39 (1H, t, J = 8.8 Hz, H-3),
3.98 (1H, t, J= 9.0 Hz, H-4), 4.52 (1H, t, J= 10.8 Hz,
H-5), 5.16 (1H, dd, J = 11.2, 2.4 Hz, H-6a), 4.54 (1H,
t,J=10.8 Hz, H-6b), 7.67 (1H, brs, H-2'), 7.55 (1H, d,
J=18.4Hz, H-5"), 7.44 (1H, dd, J = 2.0, 8.4 Hz, H-6"),
5.63 (1H, d,J=7.8 Hz, H-1"), 439 (1H, t, J = 8.4 Hz,
H-2"), 438 (1H, t, J = 8.8 Hz, H-3"), 4.05 (1H, t, J =
9.0 Hz, H-4"), 4.42 (1H, t, J= 8.8 Hz, H-5"), 5.27 (1H,
d, J=11.4 Hz, H-6"a), 5.17 (1H, d, J = 11.4 Hz, 6"b),
7.88 (1H, brs, H-2'""), 7.52 (1H, d, J = 1.6 Hz, H-6""),
3.56 (3H, s, 3'-OMe), 3.91 (3H, s, 5""-OMe), 3.47 (3H,
s, COOMe); 3C-NMR (150 MHz, Pyridine-ds) &
165.9 (C-1'), 165.7 (C-1""), 155.0 (COOMe), 154.4 (C-
3%, 153.0 (C-4"), 151.1 (C-5""), 139.2 (C-4""), 125.8 (C-
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3", 122.9 (C-6'), 115.0 (C-5"), 112.7 (C-2"), 108.2 (C-
2'"),107.4 (C-6""), 103.0 (C-1), 101.2 (C-1"), 78.6 (C-
3), 78.4 (C-3"), 75.4 (C-5"), 75.2 (C-5), 74.9 (C-2),
74.3 (C-2"), 72.6 (C-4), 72.2 (C-4"), 66.0 (C-6), 65.3
(C-6"), 56.3 (3-OMe), 55.9 (COOMe), 55.3 (3-OMe).
53R NMR ## LE R, HiE a4 16 A
rhamnakoside B,

WEW 17: AT EIH K. EI-MS m/z 426
M]*, 43 F30N CioHso0. 'H-NMR 37 X 45 H 1
ANXE TR TS5 0 4.71 (1H, brs, H-30a), 4.59 (1H,
brs, H-30b); fEmiglX, w7 ANHERTFES o
1.27 (3H, s, H-23), 1.05 (3H, s, H-29), 0.99 (3H, s, H-
28), 0.96 (3H, s, H-24), 0.85 (3H, s, H-26), 0.81 (3H, s,
H-25),0.78 3H, s, H-27); [FIN7E 6 1.05~2.04 %R
Y EEMZ AW FIER (8 KRR FRLE
A5 5. LAY 17 1) BC-NMR &4 1 4U5RmE
5 K 6c 150.1 (C-20), 109.4 (C-30), HAHZIE5V%
£ dc 14~60, HEMESHILERGSEM. KFE 13C-
NMR %idis (£ 1D 5k, & eth &y
17 2P e B

EY 18: AETEMMAK. EI-MS m/z 442
IM]", 733N C3oHs002. 'H NMR ##{K37 X 25 H
1 MR 7155 6 4.08 (1H, d, J= 10.8 Hz, H-30a)
F13.66 (1H, d,J=10.8 Hz, H-30b); 7EFEZX, &R
6 ML 7155 0 1.76 (3H, s, H-23), 1.22 3H, s,
H-29), 1.03 (3H, s, H-24, 26), 0.98 (3H, s, H-25), 0.84
(3H, s, H-27); [AITE 6 1.05~2.04 ZoRE85 EEMH
Z/NHEFM (8D KFERTFRIZEEES . s
Y18 ) BC-NMR &4 1 4RSS 5 M dc 151.0 (C-
20), 109.7 (C-30), HAEEZE TIELE dc 14~60 TG
P, IS A IR g . S FTE BC-NMR #dli (R
D 53CHkELER, RAKENEY) 18 NEHEIRRE.
3.2 EMARBU AT EEEIE MR R

KA MTT V55 B3 210 18 Pk & 4itAT
HepG2 M B PESLES . 45 R 2 Fow, a2,
3. 16~18 X} HepG2 4Hf &7 H Wil iE P, 1Cso H
N 5.87~47.29 umol/L, HARMEYIEMEESES (ICso>
50 pmol/L) . Horft, b AW 2 MG (ICs=
5.87 umol/L) o it — P R HUH U Bt &4 2. 3.
16~18 WK XT ) — ¥k N 40 Hep3B FIAIE
RPN LO2 Mg, g5 R, X&)
X Hep3B 4Hfd 78 BAT M, 1Cso 1N 6.42~
40.87 umol/L, Tfi%} LO2 [ ICso ¥ KT 60 umol/L,

#z1 LAY 17. 18§ BC-NNR #iE (150 MHz)
Table 1 '3C-NNR of compounds 17 and 18 (150 MHz)

Wl 17 18 . 17 18
(CDCls)  (CsDsN) (CDCl3)  (CsDsN)
1 38.7 39.0 16 35.6 30.0
2 28.0 28.4 17 43.0 48.1
3 79.0 779 18 48.0 48.3
4 38.9 39.3 19 48.3 48.9
5 55.3 55.6 20 151.0 151.0
6 18.3 18.8 21 29.7 30.2
7 343 349 22 40.0 344
8 40.8 41.0 23 15.4 15.3
9 50.4 50.5 24 29.7 29.9
10 37.2 374 25 16.1 16.2
11 20.9 211 26 16.0 18.5
12 25.1 25.8 27 14.6 147
13 38.1 37.2 28 18.0 59.2
14 42.8 42.8 29 19.7 20.8
15 275 28.1 30 109.4 109.7
F2 LAY 1~18 MAMSE
Table 2 Cytotoxicity of compounds 1—18
s ICso/ (umol L.71)
HepG2 Hep3B LO2
2 5.87+0.47 6.424+0.32 >60
12.17+0.68 18.14+1.72 >60
16 32.84+1.21 28.82+1.56 >100
17 47.294+2.87 32.15+2.85 >100
18 41.23+1.36 40.87x1.54 >60
I 374+036  4.88+0.25  3519+243

WO IR R A A B R B BH ) B 24 i
X Hep3B 40 Al LO2 4Hif1) 1Cso 43 AN (4.88+
0.25). (35.19+2.43) pmol/L. SillikiL &AL,
IR T8 P40 R I B K P 24 o
33 EY21FS HepG2 AMUAT
Rt R A 2 x4 R T R R
N, K Annexin V-FITC/PI X4 N 4ifo A, X
HepG2 4 i i) B T2 5 W B T2k ik AT 8 =
e a1 R, SxPEA R, a2 Tl
AN HE S HepG2 4l & BT ; BELA 259k
FhE, iSRRI TR T |
13.61%5% % ETHE 73.92% (P<<0.001). “4L&9)
2 WFEN 10 pmol/L B, AI 73755 61.36% )51
P12 (P<<0.001) 5 12.56%FI M AR T (P<<0.01).,
EREE R SHTT S8, UESKLEY) 2 RE
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A
0210-5-1-2:P1 5-3-1:P1 6-3:P1 5-3:All Events o
10Tammam aroma sl O Tar oo 2m) o | L 0% arm o Q1R 08 Q1-UL(0 70%) Q1-UR(12 56%) 807 = AT o
Sl = MR T ey
105 R 103 104 5 =
: A1
= 40
Pl 10° 109 10° = -
g 20 o
BT oo 1 y i *%
-LR(8 79%)) 0 arar | Ol s my Q122 56%) 0 " Qi-LR(61 26%)
I L Tt R (N 1 R (T e e
of e B g1 -1 AR 1 S5 10
o HE 1 umol-L 5 umol-L 10 pmol-L (B 2ol L)
Annexin V
EXERAFIEAE T " P<0.01  *"P<<0.001.
P <0.01 ""P<0.001 vs control group at the same period.

1 L&Y 2 208 HepG2 AAVAT (X+s,n=3)
Fig.1 Effects of compound 2 on apoptosis in HepG2 cells (X £ s, n=3)

WE S HepG2 4T,
34 LAY 2 3 HepG2 MAVEAT-HAELRIEN
EEER

B Western blotting Wl T-AH ¢ 8 138
ko RWE 2-A B s, SXRALLE, &1k

15 N, TR TIE E Bax MERA B, H
EIRERM. /£ 25 umol/L WK R, Bax HHARE
ERFEFE (P<0.001), 1M Bel-2 EAREEH
FEfIK (P<<0.001). 5K, &Y 2 v Re@ET
i Bax ik, Nl Bel-2 £iAKFE S ME T,

H90 2 hH S, HepG2 i HLIHT-EE Bel-2 RIEPIFEIEE.
1.5 =3 Bcl-2
= Bax
N
ﬁ?} ek
Bel-2] e s e we | 2.6X%104 ® 107
{0
Bax| "= = s-— o gum 2.0X 10* %‘Ej o fr *okok
‘_‘_ _E 05_ dokk
3.6%10* = — s
W 1.5 10 25
2/(umol-L™")
0 1 I 1 I
pagict 1 5 10 25
2/(umol-L™")
Sxt A LLE: “P<0.01  *"P<<0.001.
"P<0.01 ""P<0.001 vs control group.
B2 &2 HepG2 ARCATHXEBRIENEM (Xts,n=3)

Fig. 2 Effects of compound 2 on expression of apoptosis-related proteins in HepG2 cells (X + s, n =3)

4 e

AT TEN T0%  FEFEHUY) (1) B R £ g A
IE T EER AL AL 22 B AT T RE L, M 5
T 18 MLAEY . B EVIEALIER, R
W BLEMEENEARS T, ST HEN. 1
HHALHE 3 NZRESRA . 1 NSRS 4 R
NEZR BRI 3 NSRS« 4 MRBRIE K LA
3ANHANE SRS, A 2~5. 7~9 Al 14~16 ¥
NERNEEEY B S E. Ty
I, KA MTT %0 T35 SR RIS
X} HepG2 11 Hep3B i ¥y 34 SEAMHI1EH . S5 5%

N, TR SRS AR S B BER
PUMREETE, RIERBUEW AR BRI E
o HrbaY) 2 TR ZE 0| HepG2 AT Hep3B 41
MssE, HICso E 7N 5.87 6.42 umol/L. ##—
HAE AL RS 2 v 355 s 40 i
(HepG2) T, AT AHRER (Bax. Bel-2) |
Tk VLSS R R T ) SRR R EY)
2 BRI RRSy  Sh A A A
IRSNEIEESE, FIERDT T2 U s R
LS. EIRFARAERFE T EmrM eSS, HiR
T B BA B AE U O s .
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AW T H AT 32 B AR P AR Sh R R R ST
JEIH, BAYREWIE 7 AGEY 2 BT E AL,
EARANE RS R S5 A SEBR U R R Z 18] AT BEAF
FEZE . Bl RS Sk it — L s B R E L &
Y 2 BANAMERPLEIFET, 02 i 4
S REL it A B R A A R 5 o R, BT R 2
BRI TT, TR AR IR oA L AR AT HEE S A,
NG SRR S IR R AT AR SRR .
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