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Two novel bufadienolides from the eggs of toad Bufo gargarizans
and their anti-breast cancer activity
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Abstract: To investigate the chemical constituents in eggs of Bufo gargarizans ,the dichloromethane extract was subjected to i-
solation and purification using various chromatographic techniques. Compound structures were elucidated through comprehen-
sive methods such as NMR,MS, and UV spectroscopy, with in vitro anti-breast cancer cell MCF-7and MDA-MB-231activity e-
valuated via the MTT assay. Five compounds were isolated and identified as 3-( 14-hydroxy-7Z-tetradecenoyl ) -hellebrigenol
(1) ,3-(16-hydroxy-9Z-hexadecanoyl ) -hellebrigenol (2) ,3-(14-hydroxy-7Z-tetradecenoyl ) -18-hydroxytelecinobufagin (3) ,
3-(14-hydroxy-tetradecanoyl ) -hellebrigenol (4) , and 3-oxo-arenobufagin (5). Compounds 1 and 2 are novel, while 5 is a
newly reported natural product. The activity test results showed that all compounds exhibited significant anti-breast cancer ac-
tivities. The IC;, values of compounds 1 and 2 against the triple-negative breast cancer cell line MDA-MB-231 were 0. 230 +
0.028 and 0.215 £0. 064 pmol/L, respectively.
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DR AT 5 S DR IR OF TR A A AE S5 HA BT i 1Y
LEATIER RS T EBLIERE b, AR SCak S
HERMERR DR S BE N R Lo EAT 20 B M L JE R
HAU LR IS e TR . ARG RN T
WEREN TR G Y B S5 40 ZRE 1, L oy 5 S iR
B AR TV TE R AL o3 1, R S TR
WE R OF B Al B AL S At 1 B4R
1 w57 Z*

1.1 SEIesH#

BEIR O R AR B VLR AR 2R WE R SR IE St , Bl
IR 2 T 1 DR S DY 432 48 7 Oy PP A R i ( Bufo
gargarizans ) R A QRAF T B R 25 7 B bR A =
(No. BBG-002) ,,

L MR 95 20 Ak MDA-MB-231 (4t %5 : CRM-
HTB-26) J¢ MCF-7 ({it*5 : CRM-HTB-22) J}§ + 35 [E #5:
HEA Y o 0 (ATCC) o Hidr, MDA-MB-231 &
=L R A0 R, MCF-7 S 380 3R A2 A PR £
AR, —E R T B A
1.2 RAF 5|

FEE BT FAE e (200 ~ 300 H, % 5L L
J7) s HEIE GF,s, 1 2 T Al (M & 4k 27 Tk #F 5%
fT) ;0DS Cog 1 JZ B b4 BL (T8 Merck 22 H]) ;5 47
ik AT B IR ST (o pr i, vh [ B i fb e
BA) s O (BT 2, F5 E Merck 28 1)) 5 AR H
BE( 4l 99% , it 5 : 56 RNCQKX , |1 42 i} 35 1k 2
ABRAT]) ; ZF R (L) 98% , 45 D807083, ™
MR A= DB R 5 75 B 2R MRE B 3 B (At
5:243581, £ [H Gibco 24 W] )5 i 4 MLE (it 5
243581, ) INRBIBEAE M RHL 22 ] ) 51640 4i 5 57
H (L5 . C11875500, 3£ [FH Gibeo 22H]) o

(UV) V-550 B4 58 Hhw] WLOG 3% X ( H 4% JASCO
Aa]) s BRUKER AV-300 BIA% g 2 4R 1 ( B+ Bruk-
er /v ) 5 Agilent 6210 LC/MSD TOF & /3 #E i AH &,
TSN ( £ [H Agilent /2] ) ; Varian Prostar | £5 %
R ROR AR (3 R 58 (3£ [ Dionex 4] ) 5 Cosmosil C g
H#&FE (5 wm,20 mm x 250 mm, 3% [EF Phenomenex
23 T)) 3 Spark ZIREREFTR X (Fi+: TECAN A H]) .

1.3 R#IRE5HE

HAE R AERR B 500 g, JiTA 500 mL 95 % B
PR3 U, A IR IBUR, Uk [k £ A9 BIR T,
NG fK IR G, o A Al SR A, 15
T BEERAL (80 g) , LRk B AL IZ M (A1 T k- 2 R
SR ) BB EEVERE R h 6 AN 43 (Fro 1 ~Fr.6) o Hi
2 Ay BB A, WA —F 0. R ODS
Co RERATE , H -7k A6 B R X 4 43 Fr. 3 ~ Fr. 5
75088, 43 AR = WE B N R4 43 Fr. 3.5 Fr. 4.3
Fr.5.3, Fr.3.5 &4 HPLC(65% ZJi§-/K,7 mL/
min) 73 E 15 F LG9 1(2. 8 mg, 1, =16 min) Fl 2
(3.5 mg,t; =22 min), Fr. 4.3 £4]4 HPLC (68%
CHE-K, 7T mL/min) 432515 246 54 3 (3.6
mg,t, =13 min) . Fr.5.3 Z#45 HPLC(72% ZJi-
KW 7 mL/min) 23 B3R A P 4(3.0 mg, 1,
=12 min) #15(2.7 mg,t; =5 min) ,
1.4 HppsiE s

P MDA-MB-231 2 MCF-7 AL R 40 il bk, 4
HL A 7 10% K35 B 48 I35 19 RPMI-1640 K532 3E (&
1% W) #6 37 °C 1 5% CO, N T34 b ks
Fro HUKZ) 10 000 A~ X5 A K A 20 i, 32 R AE 96
LA, BEAL 200 pL B3935 ,24 h J5 A [F) v R
LG9, BHE XS BE 25 W) R ) 2 22t & ((doxorubi-
cin) kL5348 h, 4k ATRR 25 B E WOT A 30
pL MTT/L, 55374 F 4 h 5, BfLInA 100 pL
DMSO, FFRAAE 570 nm FH AR I E & FLIROLEE

IR 1C, fH.
2 RS9
2.1 LEYMMERE
t&W 1 ¥ ¥ K K; HR-ESI-MS: m/z

665.402 8 [M + Nal* (38 {l Cy Hy OgNa™,
665. 402 4) b 70N CyyHy O AEFNEE 10, 1K
Jeit R HAEZ) 298 nm KA F R, 7E'H NMR
e rpa] AL 2] — 2 W 25 PN I 7S JT AN T RN N R ER 1)
BFE(EE5,6.27(1H,d,J =9.4 Hz) ,7.43(1H,
d,J=2.4 Hz),7.99(1H,dd,J =9.4,2.4 Hz) . §,
5.35(2H,m) N —X i &0 {5 %, 84 5. 11 (1H, br
s) N C-3 v S K F L RHAE 25 5,6, 3. 52(2H,
t,/=6.5 Hz) 3% %00 BE(5 5,6, 4. 23 (1H,d,J
=11.4 Hz) f15,3.57(1H,d,J =11.4 Hz) H—%E R
P H 3L (-CH,OH) I 7] il £k 2% A 55 40 P 7+, 8y
1.30 ~1.35 Z RN A AR IR I 24 H A fF
84 0.70(3H,s) Jy 1 M IL(FS . S5HAIER R
(Bin WETE ) ML, AL A 1 A T — 4l
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H H-3 A i B a3, R 5L AT RERR L

/3Hr°C NMR #1 DEPT-135 & Rk ik &1 A
38 MR 5, T B A A R L kY
X, BRUETE N IR 6 AMUFNBRERAM (8. 125.0.150.5
149.3 115.4 164. 8) , R fE7E 1 IS HR SL % (5,
175.0) L IHJE Fy C-17,2 A5 A Z=5k (8, 76.2 .86.
1), U BRI (6. 71.5) ,2 A A Y AR (68,
65.4.63.0), LW 1 kAl W, 2 Mk (8. 131. 1,
130.6) ,HJ& }y-CH = CH-Z54y , 75 /5537 X 48 (5. 20
~40) a] DL HER ) B D F2 ik (-CH,-) Bz 1 4> ff F
(6. 17.2) o Uk, AT DAHERT IR AL 54 1 S WERE N
B 55 AN 0 DU Bl B 19 TR T B I, LI A A A A
C3 (IR,

1 HSQC ARrf LI 5] 8, 5. 11 5 8. 71.5(C-
3)fH3,68,4.23(1H,d,J =11.4 Hz) }% 8, 3. 57
(1H,d,J=11.4 Hz) 5§, 65.4(C-19) 41,5, 3. 52
(2H,t,J/=6.5 Hz) 5 8. 63.0(C-14") #1%,8, 0. 70
(3H,s) 5 6., 17.2(C-18) A&, 1 HMBC th X A[ LA
LM E] 5, 0.70(3H, s, H;-18) 5 8. 41.9(C-12) , 5,
52.1(C-17),5. 86. 1 (C-14) #H3;6, 4.23 (1H,d,J
=11.4 Hz,H-19) 5 C-1(8,20.7) .C-5(5.76.2) #
X )% 8, 3.57(1H,d,J =11.4 Hz,H-19) 5 C-5(§,
76.2) \C-10(5. 43.4) M, MR LER, HEsE
%G B e oy BRI A, mT DAAEWT A5 1 b C-
14 1 C-5 fiAFTE2 MRREE(WE 1) . TEE 1 1Y

Bl L&W1~5MLFEEi

Fig. 1 Chemical structures of compounds 1-5

NOESY jE & o (LI 2) , 55 H4a(5,2.30) 5
H7a(8, 1.30) K HI (5, 1. 60) Z 1], H-8, (5,
1.70) 5 H,-18(5,,0.70) Jz H-19(5, 4.32) Z ], Lk
S H,-18(8,,0.70) 5 H-21(8,,7.43) Z[AIfFTEAHK,
X4 NOE {55 R Wizfb &9 A/B ik . B/C 5
e C/D = i 1% Be A4 8 T 7S Je N R ER 1) 8RR AL
FRARYE H-3 230 S 855, R H3 K a-
R, SEATARER SR, e G 1 BT
PR B 53 4574 S WE AR RE 8 (hellebrigenol )

16'
OH

B2 {k&1F02@xE 1H-1H COSY HMBC & NOESY #HX 55
Fig.2 Key 'H-'"H COSY,HMBC,and NOESY correlations of compound 1 and 2
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AL VU R i 107 R %8 € o £ HSQC 3 b 6,
63.0(Cl14") 56, 3.52(2H,t,J =6.5 Hz) 4 H
5%, "H-"THCOSY i v al LI 232 (8, 3. 52) 5
Sy 1.54 (H,-13") b it T &, H,-13" X 15 6, 1. 34
(H,-12") AbJ5i 11l &, 7 HMBC 3% P ] DUULIN 2 6y
1.34(H,-12") 5 8, 30. 2 (C-11") By R A 56 , ik
Iy FfEfE-C' H,C"" H,CY H,C" H,-OH F B, &
7E HMBC 3% Hhads n] AW 21 e 5 6. 175.0(C17)
558y 2. 34 (H,2") (I AH G, Ifi H-"H COSY j¥th
AT ) H,-2" 5 8, 1. 62 (H,-3") &, H-3"5
8 1. 34 (H,4") MBS &, X UEW] 43 7 h-C" H,-C7
H,C* H,-C" 00- B M FE 4. L4k, 7' H-"H COSY
T PR WL S A T T 8y 5. 35 (2H, m) 73515 6y
2.05 4b W H BE Tl A, 8y 2. 05 Ab i L 8y

1.35 {4, 254 HMBC i % 6, 5. 35(2H, m) 43
5 8 28.0,5.28. 1(CO'F1 CO') MmREAH G, HE T
S F HAFAE-C” H,-CH = CH-C® -3 B 7 B, HLAR
#ii C-6"F1 CO' B Ak (/T 30) , Al DL H XL
SER R RS (Z) . B, R T 8 30. 3,
30. 8 k{5, 7E HSQC Hhh 5 6, 1. 35 AL &AHC, H
J& K 2 S-CH,-(C-5"F1 C-107) o PRIk, %58 NG Wi iR
SN 143235 -7 -+ PU 5 i R ( 14-hydroxy-7 Z-tetrade-
cenoicacid ) , J ¥ 5 AT Z AiRE — 8 . ®AK,
W) 1 5 Ry AR B -3 - 14 -7 -+ DU R R
fig [ 3-( 14-hydroxy-7 Z-tetradecenoyl ) -hellebrigenol ] ,
SRR EY, B HREILE 1, 1k
BN 2 TEANSE 6 S B I 6 1 35 ] AT
B M2 T 28 (www. trew. ac. cn)

£1 E&W17F2 4" HNMR #1°C NMR ##& (300 #1 75 MHz,CD,0D)
Table I 'H NMR and ”C NMR data of compounds 1 and 2(300 and 75 MHz,CD,0D)
1 2

No.

8y (J in Hz) S¢ S8y (J in Hz) ¢
la 2.32(1H,m) 20.6 2.32(1H,m) 20.7
B 1.39(1H,m) 1.39(1H,m)
2a 2.03(1H,m) 28.3 2.03(1H,m) 28.1
B 1.75(1H,m) 1.75(1H,m)
3 5.11(1H,brs) 71.5 5.11(1H,brs) 71.5
4a 2.30(1H,m) 37.3 2.32(1H,m) 37.3
B 1.92(1H,m) 1.92(1H,m)
5 - 76.2 - 76.2
6a 2.34(1H,m) 36.6 2.34(1H,m) 36.6
B 1.53(1H,m) 1.53(1H,m)
Ta 1.30(1H,m) 25.4 1.30(1H,m) 25.5
B 2.00(1H,m) 2.00(1H,m)
8 1.70(1H,m) 41.7 1.70(1H,m) 41.7
9 1.60(1H,m) 39.8 1.60(1H,m) 39.8
10 - 43.4 - 43 .4
o 1.49(1H,m) 22.6 1.49(1H,m) 22.6
B 1.33(1H,m) 1.33(1H,m)
12a 1.57(1H,m) 41.9 1.57(1H,m) 41.9
B 1.42(1H,m) 1.42(1H,m)
13 - 49.6 - 49.5
14 - 86.1 - 86.1
15 2.10(1H,m) 32.9 2.10(1H,m) 32.9
B 1.70(1H,m) 1.70(1H,m)
16« 2.20(1H,m) 29.7 2.20(1H,m) 29.7
8 1.72(1H,m) 1.72(1H,m)
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25% 1( Continued Tab. 1)

2
No.
8y (J in Hz) ¢ 8y (J in Hz) 8¢

17 2.56(1H,dd,9.6,6.0) 52.1 2.56(1H,dd,9.6,6.0) 52.1
18 0.70(3H,s) 17.2 0.70(3H,s) 17.2
19 NI 5.4 AL 5.4
20 - 125.0 - 124.9
21 7.43(1H,d,2.4) 150.5 7.43(1H,d,2.4) 150.5
22 7.99(1H,dd,9.4,2.4) 149.3 7.98(1H,dd,9.4,2.4) 149.3
23 6.27(1H,d,9.4) 115.4 6.28(1H,d,9.4) 115.5
24 - 164.8 - 164.8
iy - 175.0 - 175.0
2’ 2.34(2H,1,7.2) 35.6 2.33(2H,1,7.2) 35.6
3 1.62(2H,m) 26.0 1.62(2H,m) 26.6
4 1.34(2H,m) 29.7° 1.34(2H,m) 29.7°
5 1.35(2H,m) 30. 8" 1.34(2H,m) 30.2°
6' 2.05(2H,m) 28.0 1.34(2H,m) 30.3°
7' 5.35(1H,m) 131.1 1.35(2H,m) 30.9°
8 5.35(1H,m) 130.6 2.03(2H,m) 28.1
9' 2.05(2H,m) 28.1 5.35(1H m) 130.9
10’ 1.35(2H,m) 30.3° 5.35(1H,m) 130.8
1’ 1.34(2H,m) 30.2° 2.03(2H,m) 28. 1
12’ 1.34(2H,m) 27.1 1.35(2H,m) 30.8°
13’ 1.54(2H,m) 33.7 1.33(2H,m) 30.2°
14’ 3.52(2H,1,6.5) 63.0 1.35(2H,m) 26.9
15’ - - 1.52(2H,m) 33.7
16’ - - 3.53(2H,1,6.5) 63.0

T " T8 ] A [R5 A

Note ; * Assignments maybe interchanged in each column.

a2 JTEK A HR-ESI-MS:m/z 693.433 9

[M+Nal " (31814 C, H,O4Na* ,693.433 7) fb2¢
N CyoHe Oy , AMEFNEE 10, OIS 78 7 299
nm A B RIS, HEMZ A S DI R a3 N IR 5 08 D7
FRAUHE . TEALA Y 2 B v AT LIOUE I 21 35 9 TR
AEFNBEA FFRHIEESE S 6, 6.28(1H,d, ] =
9.4 Hz),7.43(1H,d,J=2.4 Hz) ,7.98(1H,dd,J =
9.4,2.4 Hz) ;5, 5.35 bl — X AMEFEAMNES .5,
5.11(1H,br s) 2 C-3 fi i AR H R AME 5, 8y
3.53(2H,t,J =6.5 Hz) ki i B A5 A< v 14 4810
A5 ,8,4.23(1H,d,J=11.4 Hz) fi1 §, 3. 57
(1H,d,J = 11. 4 Hz) Jy [d] i Ak A 5 40 i1, 6
1.30 ~ 1.35 Z i) R R iR 1) I H FE A {5 5,8, 0. 70
(3H,s) N 1 A IAES . 5 IBMERE NERAH L,
tEw 2 b T —dMH 3, H C3 A=
3, RUZ A B RN

SiH°C NMR 1 DEPT-135 % & 8k &4 2 %
A 40 MRIE S A1 22 MR, s
WIS B s — B, BR AN RRT N R PRk 1E S (S
124.9 150. 5 ,149. 3 [115.5 164. 8) 4}, iR {2 1E 2 4~
K (6. 76.2.86.1), 1 4> 3% S I H 3L (6
71.5) 2 MNEA T KL (5. 65.4.63.0) ,1 > H 4
(8c17.2) , 1 AFRBREEmR (8. 175.0) ,2 Mt (S
130.9.130. 8) ., 7£ HSQC Ha] LINgim 5] 5, 5. 11 5
8. 71.5 #12%,8,4.23(1H,d,J=11.4 Hz) }% §, 3. 57
(1H,d,J =11.4 Hz) 5§, 65. 4 HCH(E 5,8, 0. 70
(H,-18) 5 8, 17. 2 82, f HAE HMBC Ha] LWL
5, 0.70 (H;-18) 5 C-17 (8, 52.1) FI C-14 (5,
86. 1) M. MWL LAFE, @S 5hG%1 K&
hellebrigenol &35 T Lt , #EWT 1k 5 %) 2 B9 BEZ IR Ny
hellebrigenol , H Hfigfbth & 4 7E C-3 fiid . 4545 °C
NMR Fil i 3 FRECHE & B, 78 8 26 ~ 36 Z LG
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2 27 24 CH, {55, Bk &9 2 B Ak 197 iR
oy 16 Mk T, 1 XU (-CH = CH-) J¢ 1 4
A 2 5 (-CH,0H ) . i — 25, 78 HSQC ] DL
ME 8, 5.35(2H, m) 5 (5. 130.9,130. 8) f4H
%38, 3.53(-CH,0H) 5 5. 63.0 #15¢, IH )& #-C'
H,0H, 7£'H-"HCOSY ¥ v af L\ i 5] H-16" (8,
3.53) 5 8, 1.52(H-15") &b 2 A~ iR 84, H-15" X
558,y 1.35(H-14") b 2 DA, X UEW 20+
f77E-C' H,C" H,C'" H,-OH H Bt, £ HMBC
ARV 2 Sk 6 175. 0(C17) 5 8, 2. 33(H-2")
B REAOE , 46 H-"HCOSY b 3 A] LWL 1) H-2'
58, 1.62(H3") {4, H3' 5 5, 1.33 (H4") Hif#
£ BE A T -CY H, CY H, €7 H,-CY 00- K B £7
FEo 16 H-"HCOSY 3 rp i n YL 1) — X 45 &0 R 1
8y5.35(2H, m) 5 65, 2.03 4b W H B 5T T &, 8,
2.03 bR EE T+ 5 8, 1.35 ARG 456
HMBC 37 8, 5.35(2H, m) 4> 55 5. 28.1.28. 1,
30. 8.,30. 9 HYILFEAH I, HEWT /3 F H A7 7E-CH,-CH, -
CH = CH-CH,-CH,-X} F§ | Bt . 7€ HSQC [ v 7l
T3 A5 535 8,1. 34 MHE, HJE K 3 4~-CH, -,
VI EBAES Z iRk 3B B9 16-hydroxy-9Z-hexadece-
noicacid —5(*' . 534 e A 2 1) NOESY ¥ [&]
g2 F] H4a (s, 2.30) 5 H-7a (8, 1.30) & H9
(8 1.60) Z ], H-8,(8, 1. 70) 5 H;-18(8,,0.70) %
H-19(8, 4.32) ZIal, DL} H,-18 (8§, 0.70) 5 H-21
(8, 7.43) Z[AIfELEAE DG, iX 26 NOE A 5¢ R Mz 1k
G A/B IR B/C 2 K C/D I i) B 3% 4248
R, RN B A AL (LI 2) o AR4E H-3 2 I 58
HUE(ES R H3 o iR, X LAY 2 K%
SRV AR R -3 -16- 55 3 -9+ 7S B IR 1 [ 3-(16-hy-
droxy-9Z-hexadecanoyl ) -hellebrigenol | , 48 #6; & 1% 4k
GYREACE Y, BRI 8 W 1,

&EHm 3 JLE B K K; HR-ESI-MS: m/z
665.401 6 [M + Na]* (& 4 Cy Hy OgNa®,
665. 402 4) fL2 2 CyHyy Oy, RIS 10."H NMR
(300 MHz,CD,0D)§:8.02(1H,dd,J =9.4,2. 4 Hz,
H-22),7.44(1H,d,J =2.4 Hz,H21) ,6.28 (1H,d,
J=9.4 Hz, H23),5.37 (2H, m, H-7'/8"),5.23
(1H,br s, H-3),3.56 (1H,t,J = 6.5 Hz, H-14') ,
2.57(1H,dd, ] =9.6,6.0 Hz,H-17),2.31(2H,d,J
=7.2 Hz,H2'),2.05(2H, m,H-6"),2.05(2H,m,
H9'),1.77(1H, m,H8),1.74(1H, m,H9),1.22

(3H,s, H-19),0.74 (3H, s, H-18) ;" C NMR (75
MHz,CD,0D) 8:74.0 ( C-1),32.0(C-2),70.8 (C-
3),36.6(C4),70.4(C-5),36.0(C-6) ,24.8(C-7),
42.0(C-8),42.0(C-9),43.9(C-10),22.7(C-11),
41.5(C-12),49.7 (C-13),85.7 (C-14),33.1 ( C-
15),29.8 (C-16),52.1(C-17),17.2(C-18),13.2
(C-19),124.9(C-20),150.5(C-21),149.3(C-22),
115.5(C-23),164.8(C-24) ,175.0(C-1"),35.8(C-
27).25.9(C-3"),29.8(C4") ,30.2(C-5") ,28. 1( C-
6'),131.0(C-7") ,130.7(C-8"),28.1(C9'),30.8
(C-10"),30.5(C-11"),26.8(C-12"),33.7(C-13") ,
63.0(C-14") o LA FHds 5 Sk s — 50, otk
W 3 % & N[ 3-(14-hydroxy-7Z-tetradecenoyl ) -13-
hydroxytelecinobufagin ] ,

&EWm 4  JE I K AK; HR-ESI-MS: m/z
667.418 3 [ M + Na]* (i} %5 {f: Cy Hy OgNa*
667. 418 0) , 45 T3 Cyy Hyy O, R HLFIE 9.'H NMR
(300 MHz,CD,0D)5:7.99(1H,dd,J =9.4,2. 4 Hz,
H-22),7.42(1H,d,J =2. 4 Hz,H21) ,6.28 (1H,d,
J=9.4 Hz,H23),5.13(1H,br s, H-3) ,4.23 (1H,
d.J=11.4 Hz,H-19),3.90(1H,s,H-1),3.57(1H,
d.J =11.4 Hz,H-19) ,3.56 (1H,1,] =6.5 Hz, H-
14’ ,2.56 (1H,dd, J = 9.6, 6.5 Hz, H-17),2.31
(2H,d,J =7.2 Hz,H2') ,1. 74 (1H,m, H-8) ,1. 69
(1H,m,H9),1.62(2H,m,H3") ,1.54 (2H,m, H-
13'),0.72 (3H, s, H-18);"” C NMR (75 MHz,
CD,0D)5:20. 7(C-1),28. 1(C2),71.5(C-3),37.3
(C4) 76.2(C-5) ,36.6(C-6) .25.2(C-7) .41.7(C-
8),39.8(C9),43.4(C-10),22.6(C-11) ,41.9(C-
12),49.6 (C-13),86.1(C-14) ,32.9(C-15),29.7
(C-16),52.1(C-17),17.2 (C-18),65.9 (C-19)
124.9(C-20),150.5(C-21),149.3(C-22),115.4
(C-23),164.7(C-24),174.8(C-1"),35.5(C-2"),
26.0(C-3") ,30.2(C4"),30.4(C-5').30.6(C6")
30.6 (C-7'),30.7 (C8"),30.8 (C9'), 30.8 ( C-
10'),30.8 (C-11'),27.0 (C-12'),33.7 (C-13") ,
63.0(C-14") . LI %l 5 3ckafaE —s0> ik
G4 %55 O AR -3 -14- 75 - DU ik R 1 [ 3-
(14-hydroxy-tetradecanoyl ) -hellebrigenol ] ,

wa™mSs &Ik OK; HR-ESI-MS: m/z
415.210 9[ M + H]* (3155 {f C, H,, O ,415.211
5) 230 Cy Hy O, AN A EE 10."H NMR (300
MHz,CD,0D)5:7.93 (1H,dd,J =9.7,2.6 Hz, H-
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22),7.52(1H,d,J =2.6 Hz,H-21),6.23(1H,d,J
=9.7 Hz,H-23),4.43(1H,d,J =11.0 Hz,H-11),
4.12(1H,dd,J =9.6,7.4 Hz,H-17) ,2.12(1H,d, J
=12.0,H-8),1.24 (3H,s,H-19),0.92 (3H, s, H-
18) ;" C NMR(75 MHz,CD,0D)§:33.2(C-1),40. 4
(C-2),216.5(C-3),43.2(C4),47.2(C-5),38.7
(C-6),22.3(C-7),42.0(C-8),40.6(C-9),37.8(C-
10),74.6(C-11) ,214.5(C-12) ,63.8(C-13),86.0
(C-14),27.7(C-15),29.1(C-16),42.0 (C-17),
18.0(C-18),22.7(C-19),123.1(C-20),151.6(C-
21),149.1(C-22),115.9(C-23),164.5(C-24) ., VI
EE 5 SCERHRE 3- 4 A VD ERORG (3-0x0-arenobu-
fagin) —F ", AL A Y% % Zhang 2510 DL Vb aE iR
K NIEYI h B Alternaria alternate =4 AL 345,
AT RARIBWE IRIP TP AR R IR W)
2.2 FiphdEiE R

FIH MTT 33565 73 2545 20 46 A P e A1 o L i
Fr AR M RGa s PR, 25 R SR 2 R, G 1
~5 X 2 AR FL MR e 40 A 2 2 0 LR AR s B 3 1, L
k&Y 3 %) MCF-7 1 MDA-MB-231 19 410 itd 25 1€
R — € W, 1C,, 4351y 0. 315 £ 0. 156 F
2.685 £0.260 wmol/L,

x2 kEW1-~5 3 IREMEEAIEE
M TEE (5 25,0 =3)
Table 2 Antiproliferative effects of compounds 1-5

on breast cancer cells (x £s,n=3)

1C5o ( umol/L)

14 Compound

MCF-7 MDA-MB-231
1 0.039 +0. 006 0.230 +0.028
2 0.314 +0.018 0.215 +0. 064
3 0.315 +0. 156 2.685 +0.260
4 0.130 0. 060 0.270 £0. 001
5 0.026 +0. 023 0.250 +0. 042
232 [, /& Doxorubicin 6.070 +1.201 4.310 +1.010

3 #r

AWFTENBERRIP 73 B 132 5 TR N IRR AL
Y, PG 1 M2 e a3 g
O, LG S A0 KRR = U E
a1 ~4 1y C-3 (LR SR M , ELIE W
PRAGH A — T MRSk, A &5 A R A A
FERUHE | S RUE T PN R B0 e I R AR5 AT 119, 18 AR AE S

IR AR R B S B W B T RERPIFLIR
FRANMIIE ST P, AL B 3 % = B M L o e i 3R
A —E RPN . AW — W TR NEEE
WA YIRS ISR, O U575 N R A RO AR I 2
P BER (RIS, A5 fF 5 A 3 Y 0 e At 5 A6 s T
REAFTEBT A M 1) WE 2 N ISR R A% ™ 1, (LA ik — 20
W5,

HERT AMER: A B L XBEEET L
ScienceDB 4% # % ( https: doi. org/10. 57760/ sci-
encedb. nprd. 00357 ) ¥ 7 ¥ 3K I,

1 Zhang PW, Jiang RW, Ye WC, et al. Bufadienolides from
venom of Bufo bufo gargarizans[ J]. China J Chin Mater Med
(tpEPpZiZRE) ,2014,39.841-845.

2 Meng LJ, Kong QH, Jiang N, et al. Chemical constituents
from the skins of Bufo bufo gargarizans and their cytotoxic
activities [ J ]. Chin Tradit Pat Med ( 77 5 25 ) , 2023, 45.;
3622-3626.

3 Zhang PW,Tian HY ,Nie QL,et al. Structures and inhibitory
activity against breast cancer cells of new bufadienolides from
the eggs of toad Bufo bufo gargarizans[J]. RSC Adv,2016;
6:93832.

4 Chen Z,Yu Q,Chen J,et al. Bufadienolide-fatty acid conju-
gates from the fertilized eggs of toad Bufo gargarizans :isola-
tion, characterization , toxicity ,and antiproliferative evaluation
[J].J Agric Food Chem,2024,72.17377-17391.

5 Zhou S,Quan J,Li Z, et al. Bufadienolides from the eggs of
the toad Bufo bufo gargarizans and their antimelanoma activi-
ties[ J].J Nat Prod,2021,84 ;1425-1433.

6 Rodriguez C,lbafiez R, Olmedo DA, et al. Anti-trypanosomal
bufadienolides from the oocytes of the toad Rhinella alata
( Anura,Bufonidae) [ J]. Molecules, 2024 ,29 :196.

7 iiveges B,Szederkényi M,Mahr K, et al. Chemical defense of
toad tadpoles under risk by four predator species[ J]. Ecol
Evol,2019,9 :6287-6299.

8 Gambassi F,Lanzi C,Ricci Z, et al. Life-threatening pediatric
poisoning due to ingestion of Bufo bufo toad eggs: A case re-
port[ J]. Toxicon,2022,217 ;13-16.

9 Baranovskii AV, Litvinovskaya RP, Aver' kova MA, et al.
NMR spectra of androstane analogs of brassinosteroids[ J].J
Appl Spectrosc,2007,74 .642-650.

10 Zhang X,Ye M,Dong YH, et al. Biotransformation of arenob-
ufagin and cinobufotalin by Alternaria alternata[ ] ]. Biocatal

Biotransfor,2011,29:96-101.



