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Cytotoxic bufadienolides of skin of Bufo bufo gargarizans
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Abstract: Objective To investigate the cytotoxic bufadienolides from the skin of Bufo bufo gargarizans. Methods Compounds
were isolated by a combination of various chromatographic methods including silica gel, ODS and HPLC, and their structures were
elucidated based on spectroscopic analyses (IR, UV, NMR, and MS) and single crystal X-ray diffraction. The in vitro cytotoxic
activities of 10 bufadienolides were evaluated in HepG2, A549, and Hela cells by MTT assay. Results A total of 14 compounds
were isolated from the skin of B. bufo gargarizans and identified as 3,23-dihydroxy-y-lactone-24-norchola-14,20(22)-dien-21-
oicacid (1), 3-epi-resibufogenin (2), 3-epi-desacetylcinobufagin (3), 3-epi-bufalin (4), 3-ketodesacetylcinobufagin (5), 3-oxo-
cinobufagin (6), 3-oxo-w-bufarenogin (7), 3-oxo0-A*®)-resibufogenin (8), 3-oxo-A*®-cinobufotalin (9), 3-dehydroscillarenin (10),
3-dehydrodigitoxigenin (11), digirezigenin (12), bufogargarizin A (13), and bufogargarizin B (14). Three compounds (6, 9, and 10)
displayed significant anti-proliferative activities on HepG2, A549 and Hela cells with 1Cso values of 0.11-1.67 umol/L. Conclusion
Compound 1 is a new natural product. Compounds 1-14 are reported for the first time in the skin of B. bufo gargarizans. Compounds
6, 9, and 10 show significant cytotoxic activities.

Key words: skin of Bufo bufo gargarizans; bufadienolides; cytotoxicity; 3,23-dihydroxy-y-lactone-24-norchola-14,20(22)-dien-21-oicacid;
3-epi-resibufogenin; 3-oxo-cinobufagin
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ifs Kz s iR Bufonidae i & Bufo Laurenti
¥ HE K% Bufo bufo gargarizans Cantor T
WK, BAERGER . FIKIEMEDIR, EIRHIE.
Jeg B FHARIEAKT, m PR TR AR
L BRI R . AR, W RS
AWK AR WG bE SR A e WA e Jre <5
B A, gy SRR G E . 1
S e TR R R ek S0 KA A&, W bufalin
cinobufagin. resibufagin %5 B4 R iFIHE/E Bl
DA Kz A SRk ) o ) s 2 S0 %o 9 4 A
SANFIER, m AR e e e e, et
— 5 B K (R BB 28 S A, AR ST i
B AL i EAT BT AT, 3600 B ORSE0E 1 14 ANk
SIEREY), 50 5 % 5E 2 3,23-dihydroxy-y-lactone-
24-norchola-14,20(22)-dien-21-oicacid (1), 3-3-[ig
ifs RO R (3-epi-resibufogenin, 2). 3-#-%: W4
ifsidA% (3-epi-desacetylcinobufagin, 3). 3-F-ifEis
R (3-epi-bufalin, 4). 3-% - £ B £ i ik A
( 3-ketodesacetyl-cinobufagin, 5). 3-%(-Mls e R
(3-oxo-cinobufagin, 6). 3-FA-hibiElRKs (3-oxo-
w-bufarenogin, 7). 3-oxo0-A*®)-resibufogenin (8).
3-0x0-A*®)-cinobufotalin (9) . 3-dehydroscillarenin
(10) . 3-% - F Hy 2% % 45 B 5 ( 3-dehydro-
digitoxigenin, 11).digirezigenin (12).bufogargarizin
A (13). bufogargarizin B (14). Hd1, tb&9 1
JGERIRY), HFE IRIRIEH NMR . DL EA
EVE)VE RS R BAR 2. IkAh, X EAS
FI)0  ws ek 68 I RS Wit AT B N HepG2
Y. NAE/N AT AB49 41 & N 5 3R Hela
M G T PR R, SR R BT R R 4E i E
W, Ho 3AMEAEY (6. 9. 100 HAEEMM
Jed 2 i 3 B AR 1, R B HIREE (1ICso) 7E
0.11~1.67 umol/L .
1 UEEHH

JASCO P-1020 Jig 4% JASCO V-550 4£41/T]
L6 1E4C . JASCO FI/IR-480 Plus Fourier Transform
AMEIEC (H A JASCO AH]); Bruker AV-300.
Bruker AV-400 #M 4R (4E[E Bruker A #]);
Finnigan LCQ Advantage MAX Jii 1% (3% [E Thermo
AF]D; Agilent 6210 LC/MSD TOF Jiii{x (SE[H
Agilent 2 7] ); 73 H Y K il £ A v HOBURH i A (36
Agilent A7), CO fHIRKT T4 (3£HE Thermo
AFD; B TAES CGHind Esco 2w 1X51 Y

BB 6 ME (HA Olympus #ki44t); MK3
IR (3E[E Thermo A7) ; Milli-Q #B4i/K R4t
([ Millipore A F]); Hah X EL/KREE (L#E
IS BN A% 22 71 )5 96 FLATMRE 374 (3£ [ Coning
Costar A#]); %W GXE Gilson AF])D; 1
JE K4 (HZA Hirayama 2.

i fie (200~300 H, 7 SiEfL T A5 D; ODS
JkL (60~80 pum, YMC A#]); Sephadex LH-20
(Amershanm Biosciences A @] ); 434174 HPLC il
#EK%FH Cosmosil 5C1g-MS-11' (250 mm X 4.6 mm, 5
um) B & B R R HPLC 43 3R
Cosmosil 5C1g-MS-Il (250 mm <20 mm, 5 um) X
Cosmosil 5C1g-MS-Il (250 mm <10 mm, 5 um) &
WAL, HACEIEATE AR (EE CIL 27D
S b BT AL SR, 38 0 4 i B i Al
RPMI-1640 £57¢3&. fa4-1iE (fetal bovine serum,
FBS). #41fi% (newborn bovine serum, NBS).
JoREE AN, H-RERE R A EE Gibco AF]; EhiR
Z A (doxorubicin, fit5 14023143, 1117582
WAERRAFD; PURBEZMEE (MTT), ZHIEEHH
(DMSO). NaHCO; 2 HiAthis5510y 5 3£ H Sigma 2]

S FH AR I 458 B 4t 2000 K, T ST
Grra R . 22 R R DGR S AR
K W% i Bufo bufo gargarizans Cantor , #5 A
(N0.201112271) IORAF T BE B R 24 LR IR 245
T
2 REESEAE

iRz (4L 13 kg) KRRy, H 3 fifE 95%
CIEFRIREL (80 'C) 4%, FHK 1 h, HIFHEEL
W, RIS 95% L BE S FEHUY) o K 95% LT &
FEE, A 3 LKIREE, SR, HE 4
W, EIFEERIR, BIRRAESFE AL (150 ).
A4 (150 @) ArER A MRS, k-
(100 :0.98:2.95:5,90:10. 85 : 15. 80 : 20.
70:30. 1:1. 0:100) BREEGENL, ZuZEEIEsy
Mr32] 8 MER T (Fr.A~H).

Fr.C (159) &RERFEEIE, & A5-NER (98 :
2. 95:5, 90:10. 80:20. 70:30. 0:100) &
FEVERLASE] 6 MF 2 (Fr. C1~C6). H i /) Fr.
C2 (559) & A ODS H: ol (HEE-7K), 50%H
P e Jit 38 457 B A = 1) 4 & HPLC (55% & Jiis, 3
mL/min) 4itk, HELEY 9 (26.7 mg, k=125
min). 8 (8.3mg, tr=13.6 min); 60% /! EZ i
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AR 21458 HPLC (80% ¥, 3 mL/min) 4k
1k, 35L& 6 (57.3mg, tr=19.8 min). Fr.C3
(1.3 g) £ HH ODS HEtilE, 50% FREsEbi, f&id
it &8 HPLC (55%FEE, 3 mL/min) 4lifk,

B3E16E% 11 (1.1 mg, tr=33.1 min). 12 (2.3 mg,
tr=41.0 min). Fr. C4 (1.5 9) % ODS H:f1i
CHHEE-7KD,  60% H BESE L AL HT G (507 & 1931
th&W 4 (5.7mg). Fr.C5 (3.79) £ A ODS #E
Rk CHEE-7K), 500 H ok Mt 350 368 3 2 ) 2 Y
HPLC (50%Z. /1§, 3 mL/min) 4ifk, 5E{LEY)
10 (9.7 mg, tr=10.6 min); 60% F Bz e e H A7 A
TT i, RELEY 2 (4.8 mg), Hrdha RS
it &% HPLC (55%Z. i, 6 mL/min) 4itk, 75
Ftb &Y 1 (1.3 mg, trR=53.7 min).

Fr.E (11 @) SrERM:ERE, S 5-HEE (100 :
0.100:1.100:2,100:5.10:1.8:2.1:1)
BEEEVEAL /S 3] 9 N> (Fr. EL~E9Q). Hriisy
Fr.E4 (3.59) %4/ ODS #: {03 (HEE-/K), 60%
FH B3 8 A2 R - 1) 2 8 HPLC (40% 1B, 3
mL/min) 4fitk, 19E14LE&4) 14 (8.7 mg, k=205
min). 13 (3.3mg, trk=28.7 min). Fr.E5 (3.09)
28 A ODS Al (FHEE-7K), 30% H e it &5 17
FIFH & HPLC (25%Z. /%, 6 mL/min) 4fifk,
BELAY T (2.6 mg, tr=42.3min), 60% H EEHE
it 248 A5 1 F 1) 46 8 HPLC (45% 2.5, 6 mL/min)
aifh, H5EMLEY 5 (26.9mg, tk=47.4min).

Fr. G (8 g) & /x A ODS H: i, FHEE-/K (10 :
90. 20:80. 30: 70. 40 :60. 50 : 50. 60 : 40,
70 : 30.80 : 20)% FEBEML, 452 16 M 7 (Fr. G1~
G16). A1 Fr. G14 (0.5 g) £ Sephadex LH-20 (&
fi-HEE) 3 EJE, 2458 HPLC (50% /i, 6
mL/min) Ziifk, 5365 3(14.8 mg, t=22.4 min).
3 HHExE

a1 Etshd (FED, FHEB-IRRIR
RN EARE; [a]y —54.65° (¢ 0.5, CH3OH). # ¥
HR-ESI-MS %5 #4575 7% m/z 357.232 6
[M-FH]* GHEAE N 357.243 0), HiEfL &4 1 1145y
TN CxuH0s, AMEFE 8, IR Juilh i /RFedE
(3403 cm™) FI¥RIL (1748 cm™) FIREAE LI .
UV Ao (nm): 205 (4.21) #6240 1 3 tH-NMR (400
MHz, CDCls) Eligd, X BR 2 Mai 155
[0n 7.18 (1H, dd, J = 3.6, 1.6 Hz, H-22), 5.20 (1H, dd,
J=21,13Hz,H-15)]; #. @HXER 1 AEAN

TR T [on 4.82 (2H, dt, J = 3.6, 1.6 Hz,
H-23)], 2 MAFIE 155 [0n0.96 (3H, s, H-19),
0.74 (3H, s, H-18)]. *C-NMR (100 MHz, CDCls) it
t, HEIR 23 MR E S, HARISIX 6 174.6 A
WIER(E S, dc 155.0, 116.4 LA K 5¢c 145.5,135.1 Ay
PILIGERRAE 5 o FF3IX 0c 70.3 1 ANIESE Y F 3
5%, 6c67.2 H 1L NERMNRFIEES . mX éc
23.7,192 A2 MAHIMES . 456 EREER, i
EW 1 BA SR, HEfA 3-FH, HEIER
A MR AR AV RRIE S T A BRI, TREN
C-23 K&, WAV 11 H-H COSY Ay
WML 3H T HEMBEERR (B D, #hiE Sk
Wbt 2 SAERHMZINATAE, [FIB7E 3 AL PRk
R, 14, 15 EAXNEE. HhAh, on4.82 (H-23) Filoc
135.1 (C-20), 174.6 (C-21), 6n0.74 (H-18) Fldc 41.7
(C-12) e ES (B D, #—PHiE 1
B 11 17 ALEFER R AR T H ARS8 1 T
WER. SEUbiE e 1 g (B D, FHt
H-NMR #1 83C-NMR i3 L4 H)E (K 1.

1 k&Y 1 MEEW (@) # H-H COSY K45
HMBC #8% (b)

Fig. 1 Chemical structure (a), *H-'H COSY and selected
HMBC correlations (b) of compound 1

&%) 11 ROESY i U ¢ 21| Me-18 (51 0.74)
A1 H-8 (01 2.05) H-11B (o 1.46). H-22 (6w 7.18),
Me-19 (on 0.97) 1 H-1B (0u 1.43). H-5 (n 1.76).
H-6B (Jn 1.25)« H-11B (n 1.46) E A NOE A%, it
BHIX LA TR . [FIFEE, H-17 (dn 2.94) A
H-12a (64 2.05), H-9 (o 1.42) 1 H-2a (61 1.55)-
H-7o. (04 1.55)« H-120(n 2.05), H-4a (6n 1.96) FH
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=1 &1 1H NMR ¥ (400/100 MHz, CDCls)
Table 1 NMR data of compound 1 (400/100 MHz, CDCls)
A OH Jc BRAL OH oc

1 1.54 (1H, m, H-10), 1.43 (1H, m, H-1pB) 29.9 13 48.5
2 1.55 (1H, m, H-2a), 1.50 (1H, m, H-2p) 28.0 14 155.0
3 4.10(1H, brs) 67.2 15 5.20 (1H, dd, J=2.1,1.3 Hz) 116.4
4 1.96 (1H, m, H-40), 1.35 (1H, m, H-4pB) 334 16 2.49 (1H, m, H-16a), 2.43 (1H, m, H-16p) 34.9
5 1.76 (1H, m) 36.5 17 2.94 (1H,t,J=8.9 Hz) 48.9
6 1.96 (1H, m, H-6a), 1.25 (1H, m, H-6B) 26.4 18 0.74 (1H, s) 19.2
7 1.55 (1H, m, H-70), 1.24 (1H, m, H-7pB) 221 19 0.97 (1H, s) 23.7
8 2.05(1H, m) 35.6 20 135.1
9 1.42 (1H, m) 40.0 21 174.6
10 355 22 7.18 (1H, dd, J =3.6, 1.6 Hz) 145.5
11 1.65(1H, m, H-11a), 1.46 (1H, m, H-11p) 24.2 23 4.82 (2H, dt, J = 3.6, 1.6 Hz) 70.3

12 2.05 (1H, m, H-120), 1.47 (1H, m, H-12p) 417

H-20 (0w 1.55). H-7a (0n 1.55) HA NOE 5%, i
IR L i 740 T 5 — M0, Uk TAR S 1 AR
X (Bl 2-2). e a1 ey, it
FTAED L PR R A X 2R S S, B
iRy (B 2-b). a1 AT S0 240
T i CaHxO0s (fw = 356.49) ; # 7 & R
(orthorhombic), #*[A#E P212:121; a=0.637 842 (10)
nm, b=1.281 540 (15) nm, ¢=2.336 33 (4) nm, a=
p=y=90.00; V=1.909 77 (5) nm?, T=293 (2) K,
Z=4, Dc=1.240 mg/mm?3, F (000)=776. fE 3.78<
0<62.66, FLitE 3073 ML AL, A 2933
AN TR [1>20(1)] - 5505 R 2 7
R=0.028 5, Rw=10.073 1, S=1.076. Flack
parameter=-0.08 (19). Z¢ LAk, EEHAEY 1
N 3,23- 5 Ik -y- N fig-24- 2 1 -14,20(22)- —Ji-21-
TRER , SR LA BT R AR =418, 5 IR A IE I 8 3 NMR
EAE TP

a2 EthE (FED, HFEE-IRIRR
RN RS, [a]r +17.56° (¢ 1.0, CH30H);
UV A (im): 203 (4.68), 295 (4.33); IR v
(cm™): 3437, 2934, 1709, 1642, 1540, 1375; ESI-MS
m/z: 385 [M+H]*, 7> 3N CasH3204. tH-NMR (400
MHz, CDClg) §: 7.78 (1H, dd, J = 9.7, 2.4 Hz, H-22),
7.23 (1H, d, J=2.4Hz, H-21),6.24 (1H,d, J=9.7
Hz, H-23), 0.95 (3H, s, H-19), 0.77 (3H, s, H-18);
13C.NMR (100 MHz, CDCl3) ¢: 33.9 (C-1), 30.7
(C-2), 71.7 (C-3), 36.3 (C-4), 40.1 (C-5), 26.4 (C-6),
21.0 (C-7), 41.6 (C-8), 35.1 (C-9), 35.1 (C-10), 21.0
(C-11), 39.5 (C-12), 45.4 (C-13), 74.8 (C-14), 60.1

2 &1 KIERS ROESY Xk (a) FERLEHM (b)
Fig. 2 Selected ROESY correlations (a) and X-ray crystal
structure (b) of compound 1

(C-15), 32.5 (C-16), 47.9 (C-17), 17.0 (C-18), 23.4
(C-19), 122.4 (C-20), 149.7 (C-21), 147.1 (C-22),
115.4 (C-23), 162.2 (C-24). VA 34 5 ks —
O, HEEEWEY) 2 N 3-FR-RIEIRA .

WEY 3: Lt (FED, HFEBE-IRMER
SRR A RE S [a]? +116.33° (¢ 0.1, CH3OH);
UV A (nm): 208 (4.57), 218 (4.37), 296 (4.46):
IR v (cmiL): 3419, 2933, 1698, 1631, 1535, 1334;
ESI-MS m/z: 401 [M+H]* 4 T3 A CasHOs.
IH-NMR (400 MHz, DMSO-dg) 3: 7.93 (1H, d, J = 9.2
Hz, H-22), 7.45 (1H, d, J = 1.7 Hz, H-21), 6.16 (1H,
dd, J = 9.2, 1.7 Hz, H-23), 0.88 (3H, s, H-19), 0.66
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(3H, s, H-18); 13C-NMR (100 MHz, DMSO-ds) o:
30.4 (C-1), 34.6 (C-2), 69.8 (C-3), 36.0 (C-4), 41.1
(C-5), 26.1 (C-6), 20.4 (C-7), 32.9 (C-8), 39.1 (C-9),
34.8 (C-10), 20.5 (C-11), 38.9 (C-12), 44.4 (C-13),
71.7 (C-14), 62.1 (C-15), 70.6 (C-16), 50.8 (C-17),
17.1 (C-18), 23.1 (C-19), 117.9 (C-20), 151.1 (C-21),
150.0 (C-22), 112.0 (C-23), 161.3 (C-24). L\ F¥¥ 5
SCHERARIE XS L — 300, s et E Y 3 N 33K
T RS

EY 4. K (FED, FHEB-IRRR
N (TLC) B [0]3—19.02° (¢ 1.0, CH30H);
UVAP (m): 204 (4.39), 299 (3.91): IRv o
(cm™): 3421, 2941, 1703, 1635, 1541, 1363; ESI-MS
m/z: 387 [M+H]*, 7> 3N CasH3404.tH-NMR (400
MHz, CDCl3) §: 7.83 (1H, dd, J = 9.7, 2.6 Hz, H-22),
7.22 (1H, d, J = 2.6 Hz, H-21), 6.25 (1H, d, J = 9.7
Hz, H-23), 0.91 (3H, s, H-18), 0.69 (3H, s, H-19); 13C-
NMR (100 MHz, CDCls) ¢: 35.2 (C-1), 36.4 (C-2),
71.8 (C-3), 36.6 (C-4), 27.2 (C-5), 21.4 (C-6), 42.7
(C-7), 41.7 (C-8), 35.0 (C-9), 21.7 (C-10), 28.9
(C-11), 41.0 (C-12), 485 (C-13), 85.5 (C-14), 33.0
(C-15), 30.8 (C-16), 51.4 (C-17), 16.7 (C-18), 23.4
(C-19), 122.8 (C-20), 148.7 (C-21), 146.9 (C-22),
115.5 (C-23), 162.5 (C-24). @it H-'H-COSY.
HSQC. HMBC. NOESY % —Z:il f #% ii Kdia 34T
THE, Sty 4 3-R-gikR0,

&Y 5 Ltk (FED, FHEE-IRIRER
SN L, [a]? +24.61° (¢ 1.0, CH3OH);

UV e (nm): 204 (3.55), 294 (3.48), 215 (3.46);

IR v (cmiL): 3452, 2936, 1716, 1698, 1540, 1423;
ESI-MS m/z: 399 [M+H]*, 4> F3 A CasHaoOse H-
NMR (400 MHz, DMSO-dg) &: 7.94 (1H, d, J = 9.2
Hz, H-22), 7.46 (1H, d, J = 1.7 Hz, H-21), 6.17 (1H,
dd, J = 9.2, 1.7 Hz, H-23), 0.96 (3H, s, H-19), 0.69
(3H, s, H-18): °C-NMR (100 MHz, DMSO-dg) o:
36.1 (C-1), 36.7 (C-2), 211.8 (C-3), 41.7 (C-4), 43.1
(C-5), 25.4 (C-6), 19.6 (C-7), 38.6 (C-8), 32.6 (C-9),
34.8 (C-10), 20.7 (C-11), 38.8 (C-12), 44.5 (C-13),
716 (C-14), 62.2 (C-15), 70.6 (C-16), 50.9 (C-17),
17.1 (C-18), 22.1 (C-19), 117.9 (C-20), 151.2 (C-21),
150.0 (C-22), 112.1 (C-23), 161.3 (C-24). LA E¥i¥5 5
SCHRRE — 312, WS E S 5 v 3£ LTt
HEME IR o

AW 6: Lfha (FED, FREE-IRIRER
RN BARSG D, [a]d +0.06° (¢ 1.0, CH3OH);
UVAIM (nm): 203 (4.49), 294 (4.19): IRV
(cm™): 3490, 2938, 1717, 1642, 1540, 1374; ESI-MS
m/z: 441 [M+H]*, 73 30N Ca6H3206. tH-NMR (400
MHz, DMSO-dg) &: 7.87 (1H, d, J = 9.8 Hz, H-22),
7.47 (1H, s, H-21), 6.24 (1H, d, J = 9.8 Hz, H-23),
0.96 (3H, s, H-18), 0.73 (3H, s, H-19); 3C-NMR
(100 MHz, DMSO-ds) 4: 36.0 (C-1), 36.7 (C-2),
211.7 (C-3), 41.6 (C-4), 43.0 (C-5), 25.2 (C-6), 19.4
(C-7), 38.3 (C-8), 32.5 (C-9), 34.7 (C-10), 20.7
(C-11), 38.7 (C-12), 44.7 (C-13), 71.8 (C-14), 59.5
(C-15), 74.5 (C-16), 49.0 (C-17), 16.9 (C-18), 22.0
(C-19), 116.0 (C-20), 152.2 (C-21), 148.5 (C-22),
112.9 (C-23), 160.8 (C-24), 169.4 (C-25), 20.2
(C-26). DA &4 5 ScikdioE — 82, ek
B 6 3G -TRIE IR

WEWT: TR, BRI S
# it [af—27.77° (€ 1.0, CH:0H): UV A (nm):
205 (3.96), 292 (3.44); IR v/ (cm™): 3436, 2940,
1715, 1629, 1541, 1386; ESI-MS: m/z 415 [M—+H]*,
ﬁ%ﬁy\] CZ4H30060 1H-NMR (400 MHZ, DMSO-de)
5: 7.63 (1H, dd, J = 9.7, 2.6 Hz, H-22), 7.53 (1H, d,
J = 2.6 Hz, H-21), 6.22 (1H, dd, J = 9.7, 2.6 Hz,
H-23), 0.99 (3H, s, H-18), 0.84 (3H, s, H-19); 3C-
NMR (100 MHz, DMSO-ds) J: 36.5 (C-1), 37.1 (C-2),
211.6 (C-3), 42.1 (C-4), 43.6 (C-5), 26.7 (C-6), 20.2
(C-7), 39.4 (C-8), 455 (C-9), 36.7 (C-10), 213.9
(C-11), 82.0 (C-12), 53.9 (C-13), 82.1 (C-14), 335
(C-15), 27.2 (C-16), 45.4 (C-17), 18.2 (C-18), 22.7
(C-19), 119.7 (C-20), 150.9 (C-21), 148.2 (C-22),
113.2 (C-23), 161.2 (C-24). VL E¥d 5 kg —
S, MU AY T N 3-SR

&Y 8: b (HED, FHE-IRRR
N ER ;s [a]y +61.87° (¢ 1.0, CH3OH);

UV A (nm): 208 (4.47), 238 (4.48), 299 (4.21):

IR v (cmiL): 2941, 2864, 1717, 1667, 1539, 1360;

ESI-MS m/z: 381 [M+HJ*, 4T CauHosOu

IH-NMR (400 MHz, DMSO-ds) : 7.76 (1H, dd, J =
9.8, 2.6 Hz, H-22), 7.55 (1H, d, J = 2.6 Hz, H-21),
6.28 (1H, dd, J = 9.8, 2.6 Hz, H-23), 5.64 (1H, 5, H-4),
1.17 (3H, s, H-19), 0.74 (3H, s, H-18): *C-NMR (100
MHz, DMSO-ds) d: 35.0 (C-1), 33.6 (C-2), 198.0
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(C-3), 123.3 (C-4), 170.1 (C-5), 31.3 (C-6), 26.4
(C-7), 33.1 (C-8), 52.0 (C-9), 38.3 (C-10), 20.6
(C-11), 37.9 (C-12), 44.5 (C-13), 73.5 (C-14), 59.4
(C-15), 31.5 (C-16), 45.9 (C-17), 16.5 (C-18), 17.1
(C-19), 121.9 (C-20), 150.7 (C-21), 147.3 (C-22),
114.2 (C-23), 161.1 (C-24). VL E¥d 5 kg —
;04 B EEY) 8 v 3-0x0-AO-resibufogenin.

WEY9: TETEM AR, T EE-IRE IR I B
Kith: [o]2 +38.40° (c 1.0, CHaOH): UV A (nmy:
203 (4.37), 237 (4.46), 292 (4.01); IR vy o (cm):
2939, 1726, 1665, 1540, 1375; ESI-MS m/z: 439 [M+
HI*, 4+ F2H CasHa006 H-NMR (400 MHz, DMSO-ds)
0:7.85 (1H, d, J = 9.8 Hz, H-22), 7.48 (1H, d, J = 2.0 Hz,
H-21), 6.25 (1H, d, J = 9.8 Hz, H-23), 5.65 (1H, s, H-4),
181 (3H, s, H-26), 1.17 (3H, s, H-19), 0.77 (3H, s,
H-18); 1*C-NMR (100 MHz, DMSO-ds) &: 34.9 (C-1),
33.6 (C-2), 198.0 (C-3), 123.4 (C-4), 169.8 (C-5), 31.2
(C-6), 26.2 (C-7), 32.6 (C-8), 515 (C-9), 38.3 (C-10),
20.5 (C-11), 38.4 (C-12), 44.5 (C-13), 71.4 (C-14), 59.3
(C-15), 74.4 (C-16), 488 (C-17), 16.8 (C-18), 17.1
(C-19), 115.9 (C-20), 152.4 (C-21), 148.4 (C-22), 113.0
(C-23), 160.8 (C-24), 169.3 (C-25), 20.2 (C-26). LA I3k
P 5 kb — 2, WS E AT 9 N
3-0x0-A*®-cinobufotalin.

tEY 10 TLETEM AR, F EEE-IRIRER XM
B [a]f +19.61° (¢ 1.0, CHsOH): UV A (nm):
202 (3.97), 239 (4.27), 299 (3.74); IRvi> (cm):
3461, 2941, 1715, 1654, 1540, 1369; ESI-MS m/z: 383
[M+H]*, 4T3 CaaHz006. H-NMR (400 MHz,
DMSO-ds) &: 7.92 (1H, dd, J = 9.7, 2.6 Hz, H-22),
7.53 (1H, dd, J = 2.6, 0.8 Hz, H-21), 6.31 (1H, dd, J =
9.7, 0.8 Hz, H-23), 5.64 (1H, s, H-4), 1.11 (3H, s,
H-19), 0.66 (3H, s, H-18); “C-NMR (100 MHz,
DMSO-ds) d: 35.1 (C-1), 33.6 (C-2), 198.1 (C-3),
123.0 (C-4), 170.8 (C-5), 32.4 (C-6), 27.6 (C-7), 41.2
(C-8), 48.9 (C-9), 38.3 (C-10), 21.0 (C-11), 39.5
(C-12), 47.9 (C-13), 83.0 (C-14), 31.9 (C-15), 28.4
(C-16), 49.8 (C-17), 16.6 (C-18), 17.2 (C-19), 122.6
(C-20), 149.3 (C-21), 147.3 (C-22), 114.3 (C-23),
161.4 (C-24). DL E#l 5 CRAiE — 3, W E
&%) 10 S 3-dehydroscillarenin.

EY) 11: TR R, F HEIE-ARR R S

Bt [0S +29.60° (c 05, CHsOH): UV A (nm):

217 (4.19); IR v o (cmY): 3451, 2938, 1747, 1625,
1541, 1384; ESI-MS m/z: 373 [M+H]*, 27N
CasH3204. H-NMR (500 MHz, CD;0D) J: 5.93 (1H,
s, H-22), 5.06 (1H, dd, J = 18.4, 1.6 Hz, H-21a), 4.95
(1H, dd, J = 18.4, 1.6 Hz, H-21b), 1.06 (3H, s, H-19),
0.93 (3H, s, H-18); 3C-NMR (125 MHz, CDs0D) §:
38.0 (C-1), 37.9 (C-2), 216.0 (C-3), 43.0 (C-4), 45.5
(C-5), 27.8 (C-6), 22.2 (C-7), 42.5 (C-8), 37.5 (C-9),
36.4 (C-10), 22.4 (C-11), 40.7 (C-12), 51.1 (C-13),
86.2 (C-14), 33.4 (C-15), 28.1 (C-16), 52.1 (C-17),
16.4 (C-18), 22.9 (C-19), 178.4 (C-20), 75.4 (C-21),
117.9 (C-22), 177.3 (C-23). LA ¥l 5 CikikiE —
08, Wk b &4 11 4 3-dehydrodigitoxigenin.

aEY 12: JTLEBHMAR, FEEE-IKERIR XN
B [ +30.13° (¢ 1.0, CH:OH): UV A" (nm):
212 (4.02); IR v o (cm): 3403, 2936, 1748, 1647,
1541, 1377; ESI-MS m/z: 373 [M+H]*, /3TN
CosH304. H-NMR (400 MHz, CDs0OD) 4: 5.89 (1H, s,
H-22), 4.95 (1H, dd, J = 18.7, 1.6 Hz, H-21a), 4.84
(1H, dd, J = 18.7, 1.6 Hz, H-21b), 1.03 (3H, s, H-19),
0.98 (3H, s, H-18); *C-NMR (100 MHz, CDs0D)
30.7 (C-1), 28.5 (C-2), 67.6 (C-3), 34.1 (C-4), 37.4 (C-5),
27.0 (C-6), 21.7 (C-7), 40.5 (C-8), 34.7 (C-9), 36.5
(C-10), 22.0 (C-11), 39.0 (C-12), 465 (C-13), 75.2
(C-14), 60.3 (C-15), 31.7 (C-16), 47.9 (C-17), 16.1
(C-18), 24.2 (C-19), 176.9 (C-20), 75.7 (C-21), 119.0
(C-22), 1769 (C-23). il H-'H-COSY. HSQC.
HMBC. NOESY % 4z Ediidtir 7 )&,
HEAEY) 12 24 digirezigenintt T,

EY 13: TLEBM AR, F - XN
AT [0 -22.15° (¢ 1.0, CHOH): UV ie"
(nm): 204 (3.70), 217 (3.58), 296 (3.68); IR Vi
(cm™): 3420, 2936, 1724, 1601, 1535, 1377; ESI-MS
m/z: 463 [M+Na]*, 731y CosH300g. H-NMR
(400 MHz, CDsOD) 8: 8.07 (1H, d, J = 9.8 Hz, H-22),
7.42 (1H, s, H-21), 6.30 (1H, d, J = 9.8 Hz, H-23),
552 (1H, d, J = 8.9 Hz, H-16), 3.68 (1H, m, H-3),
3.86 (1H, s, H-15), 1.91 (3H, s, H-26), 0.90 (3H, s,
H-18): 13C-NMR (100 MHz, CDsOD) ¢: 34.0 (C-1),
32.3 (C-2), 70.8 (C-3), 54.9 (C-4), 209.9 (C-5), 64.5
(C-6), 26.8 (C-7), 37.8 (C-8), 58.0 (C-9), 81.4 (C-10),
21.4 (C-11), 41.7 (C-12), 47.0 (C-13), 73.5 (C-14),
60.8 (C-15), 76.6 (C-16), 51.0 (C-17), 17.9 (C-18),
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118.3 (C-20), 153.6 (C-21), 150.8 (C-22), 114.1
(C-23), 164.0 (C-24), 171.6 (C-25), 20.3 (C-26). LA I
Boim 5 ocwkioaE — 08, M EEY 13 A
bufogargarizin A.

WaY 14: TLEM AR, FEEE-IKRERIR XN
BT [0]2-18.35° (c 1.0, CHiOH): UV A"
(nm): 203 (3.59), 217 (3.48), 294 (3.68); IR v/
(cm™): 3421, 2938, 1714, 1629, 1536, 1380; ESI-MS
m/z: 459 [M—+H]*, 73 30N CasH3008. tH-NMR (400
MHz, CD30D) &: 8.05 (1H, d, J = 9.8 Hz, H-22), 7.43
(1H, s, H-21), 6.29 (1H, d, J = 9.8 Hz, H-23), 5.56
(1H, d, J = 8.9 Hz, H-16), 4.43 (1H, ddd, J = 15.9, 9.3
6.9 Hz, H-2), 3.82 (1H, s, H-15), 1.91 (3H, s, H-26),
0.92 (3H, s, H-18); 13C-NMR (100 MHz, CD30D) §:
35.6 (C-1), 71.7 (C-2), 51.9 (C-3), 79.8 (C-4), 39.7
(C-5), 22.4 (C-6), 39.9 (C-7), 58.1 (C-8), 212.7 (C-9),
62.7 (C-10), 24.3 (C-11), 39.4 (C-12), 46.5 (C-13),
72.3 (C-14), 61.0 (C-15), 76.4 (C-16), 51.2 (C-17),
17.5 (C-18), 118.2 (C-20), 153.7 (C-21), 150.7 (C-22),
114.2 (C-23), 164.0 (C-24), 171.6 (C-25), 20.3
(C-26). PALEHE 5 SCikx b —ghlel, e b &
¥y 14 Ay bufogargarizin B.

4 {KRSNEREEEMESIE

KA MTT ¥, AN E 1. 2. 4. 6~
12 R[FIKE T4 HepG2. A549 K Hela 4 iy
FAAMHE . S0 2 2 R (dox) N BHPEXTHE
&Y, ZiRkES L DMSO VAR, Scih BkiElES
B SCHR T RRTHEA T, LA ICso ARFRIVFN AL B
MG TE. SRERY, BRED 1 s, i
B o s e £ 0 A B D TEAS RV R 5 HepG2-
A549 J Hela 413 R BLHEFEHIHIER (& 2D,
Hdr, 3 MRS IERNEY (6. 9. 100 X 3 Fh
iR 200 30 LA Y 2 RS A AN A YE %, 1Cs0 {E 331
>4 0.40. 0.63. 0.78 pmol/L, 1.02. 0.76. 1.67 umol/L
#10.21. 0.11. 0.30 pmol/L.
5 i1ig

AHIFTE NG B o BT T 14 MR AR
WEY), BIE RN R e sl o, tham L
RN, BRI TC A BRI S AA[21- Bk,
AD@)], Ly UL R0 (S G R [23- R,  AD@R
[, AR UARIEHIEIE TAEY) 1 NMR £,
FFH L XA VRRf e LA . AR
IR i 43 2545 2 sarmentogeninidl, k&
V) 1 ATREMAE BRI 3 Fm.

R 2 MERDEOER G EYIXT HepG2. A549 B Hela BU4AREEM (x+s,n=23)
Table 2 Cytotoxic activities of bufadienolides on HepG2, A549, and HeLacells (x +s ,n=3)

ICso/(umol-L 1)

Ew

HepG2 A549 HelLa
dox 0.18+0.02 0.21£0.07 0.260.08

1 >100 >100 >100
2 6.20+1.43 16.11+1.73 16.74+3.84
4 2.78+0.33 1.614+0.32 2.46+0.60
6 0.40x0.06 0.63x0.15 0.78x0.16
7 2.80+0.47 5.19+0.44 5.85+1.14
8 29.92+6.91 20.20£5.35 17.53+5.71
9 1.024+0.34 0.76 +0.08 1.6740.26
10 0.21+0.01 0.11+0.01 0.30£0.09
1 7.88+1.82 10.6740.33 9.25+1.45
12 12.07+2.48 5.8210.26 15.28+3.00

sarmentogenin

O
(0]

_

3 a1 ARNEYERIER
Fig. 3 Proposed biogenetic pathway of compound 1
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AR E IRIRIE THAEY 1. 4. 7~9, 11, 12
Xf HepG2 4ffi. A549 4ffL LA & Hela 2 1) 4
BRETE, SRR, W R R sk SR R S
X HepG2. A549 K Hela 41 g R I & 2 i A4 MY
FEANEIE o W2l BI LU R RO R: 3 fI
N o-FREE, 3 R EA R, A HGIAN aB-A
VOFNER , 14,15- I F RIS HERRAR, 5 CHRk
H 8P, [ERFEERE, DR RN S4B
¥ 17 A2 H GNP A i 1 0 20k 124,
&Y 1 5469 11, 12 MLk, 554 HIeA AN
MBE, (HREEA B, EW 1 (21-FIERR)
Etb&Y) 11, 12 (23-BRAEmilie) vt~k 1 3
Zest, AT, ERELAT B IR N BREAE i 1
BRI R 2R . DA F TN R 8 I S Bl 43 1)
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iy 4y Jo i ) e B SR AL TR

RBAR FAVEHFEARGEAZFR

SE

[11 HEXRBEHERR(PERE) RS HHEEAE [M].
g BHERL A EOR B, 1999: 360-361.

[21 Z4EER, PhEE, 29, . PARORUEER K AL OO B
R [J]. *EEZ, 2007, 38(2): 183-185.

[3] Zhao HY, Wu F K, Qiu Y K, et al. Studies on cytotoxic
constituents from the skin of the toad Bufo bufo
gargarizans [J]. J Asian Nat Prod Res, 2010, 12(9):
793-800.

[4] Wang D L, Qi F H, Tang W, et al. Chemical constituents
and bioactivities of the skin of Bufo bufo gargarizans
Cantor [J]. Chem Biodivers, 2011, 8(4): 559-567.

[5] 7Rk, FUUA, WA, 5. =M iR AR
SMMC-7721 il BEL-7402 A JFFe 48 A A (bl 4
[]. 2B ZEBE RS2, 2003, 24(4): 393-395.

[6] EZARZE. RIERGUTEA RN 1T e K AE L
HlWEsE [D]. BrE: AR K%, 2010.

[71 Qi FH,LiAY, Zhao L, et al. Cinobufacini, an aqueous
extract from Bufo bufo gargarizans Cantor, induces
apoptosis through a mitochondria-mediated pathway in
human  hepatocellular ~ carcinoma cells [J]. J
Ethnopharmacol, 2010, 128(3): 654-661.

[8] Yoshii E, Koizumi T, Mizuno S, et al. Studies on the
synthesis of cardiotonic steroids. Il. Synthesis of
17B-(3-furyl)-5p,14B-androstane-3p,14p-diol [J]. Chem
Pharm Bull, 1976, 24(12): 3216-3219.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Xin X L, Xie X H. Selective 3-OH isomerization of
resibufogenin by cell suspension cultures of Ginkgo
biloba [J]. J Chin Pharm Sci, 2005, 14(1): 10-12.

He X J, Hu H, Wu Y X, et al. Urinary metabolites of
cinobufagin in rats and their antiproliferative activities
[J]. Nat Prod Res, 2012, 26(6): 489-499.

Toma S, Hirai Y, Sugimoto C, et al. Metabolic fate of
bufalin and cinobufagin [J]. Yakugaku Zasshi, 1991,
111(11): 687-694.

He X J, Tang J S, Qiao A M, et al. Cytotoxic
biotransformed products from cinobufagin by Mucor
spinosus and Aspergillus Niger [J]. Steroids, 2006, 71(5):
392-402.

Zhang X, Ye M, Dong Y H, et al. Biotransformation of
arenobufagin and cinobufotalin by Alternaria alternata
[J]. Biocatal Biotransformation, 2011, 29(2/3): 96-101.
Ye M, Han J, An D G, New cytotoxic
bufadienolides  from  the  biotransformation  of

et al.

resibufogenin by  Mucor  polymorphosporus  [J].
Tetrahedron, 2005, 61(37): 8947-8955.

Zhang X, Ye M, Dong Y H, et al. Biotransformation of
bufadienolides by cell suspension cultures of
Saussurea involucrata [J]. Phytochemistry, 2011,
72(14/15): 1779-1785.

Habermehl G G, Hammann P E, Wray V. 3C-NMR
spectra of 5B, 14B-hydroxysteroids [J]. Magn Reson
Chem, 1985, 23(11): 959-963.

Hofer P, Linde H, Meyer K. 140,15a-Epoxy-«p»-
anhydrodigitoxigenin und 14(,15B-epoxy-«pB»-anhydro-
digitoxigenin [J]. Helv Chim Acta, 1962, 45(122):
1041-1044.

Tian H'Y, Wang L, Zhang X Q, et al. Bufogargarizins A
and B: with
unprecedented skeletons from the venom of Bufo bufo
gargarizans [J]. Chemistry, 2010, 16(36): 10989-10993.
Li B J, Tian H Y, Zhang D M, et al. Bufadienolides with
cytotoxic activity from the skins of Bufo bufo gargarizans
[J]. Fitoterapia, 2015, 105: 7-15.

Niklaus H, Dobrila Z, Horst H A L, et al. Weitere
cardenolide aus Ch'an Su. Uber Krétengifte 37.
Mitteilung [J]. Helv Chim Acta, 1970, 53(8): 2051-2059.
Kamano Y, Yamashita A, Nogawa T, et al. QSAR
evaluation of the Ch'an Su and related bufadienolides
against the colchicine-resistant primary liver carcinoma
cell line PLC/PRF/5(1) [J]. J Med Chem, 2002, 45(25):
5440-5447.

Two novel 19-norbufadienolides

WAERE SR



