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The toad poison bufadienolides having novel steroidal A/B cis and C/D cis str-
ucture exhibit a variety of biological activities. To carry out systematic stud-
ies on the biological activities of the chinese traditional crude drug "Senso”
(Ch'an Su), we investigated its cytotoxicities against cell line of human liver
cancer PLC/PRF/5.

OQur research was extended to studies on relationship the bufadienolide structu-
res and PLC/PRF/5 activities, since the extracts of Ch'an Su and the major bufa-
dienolide showed strong activity for PLC/PRF/5." Natural bufadienolide exhibited
a potent cytotoxicity against PLC cell than their isomers and related compounds.
Hellebrigenin was most active( ICso [.6X10"*xg/ml ). Other compound at J0 " ‘ug
/ml level were bufalin-3-acetate, gamabufotalin, bufalin, sillarenin, bufotalin,

telocinobufagin, bufalin-3-succinate-tert-butylcarbazoate, cinobufagin, bufalin-
3-suberate, desacetyl-bufotalin and digitoxigenin. The 148 -hydroxy derivatives
showed the higher activities than 148,158 -epoxy, l4a, 15 a -epoxy and a -pyrone
ring opening compounds ( Table 2 ). We discussed about (])activities for the co-
Ichicine-treated cells( Table 2 ), (2)dependence of activity with concentration
of compounds( Fig.1 ) and (3)characterization of activity on classification of
compoumds ( Fig.2 ). On the other hand, the bufadienolides and related compoun-
ds were classified into the five groups, A~E. Relationship between structure
and activity on each group was discussed in section II. Importance of both D ri-
ng structures and 3-substituent structures was found.

As a summary, on the relationship between structures and activities, the effec-
ts of substitution to the model compounds, e.g. bufalin and resibufogenin were
discussed and the results were shown in Table 9 and 10. The most important fact-
ors were found to be the a -pyrone ring, 148 -0H or 148,158 -epoxy, 19-CHO, lla
-0 and 168 -0Ac groups. Activities of cardenolides were more week than those of
bufadienolide. In general, the C/D cis compounds showed higher activity than the
C/D trans ones .

Finally, we discuss about the antineoplastic activities of bufadienolides such
as cell line of the KB and HelLa-S3., and the P388 and L1210 lymphocytic leukenmia,
in the comparison with PLC/PRF/5 activities, in Section IV( Table Il ). A ten-
dency of results was similar to those of the anaesthetic action®’ and antiviral
activity*’. — 37 —
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Bioassay :
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MR A B EEXH, M2 5X [04cells/nlOMMBEFTE L THELL, HRikingx A ¥
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PLCKIFE (PLBS) BIUZD AL F UMM (REB) K I2EREBE TOLEF
T oMk E S~ b (%) TEHL, £R2%5Table 1IKRET, -7V, BltAFVL U E
JUBBRLFASMEBYCEOBRAREENED N, 1IEA LD bufadienolidedt s
—UkELT, chooihiceET5 2 EhoiEEARKE IR bufadienolideTdH % &

MEE U72e  Table 1 Cytotoxicites of Ch’an Su extracts for PLC/PRF/S.

extracts rate of survived cell (%)
P R
50 £ g/ml 50 g g/ml
X1 XB62 X63 X1 X62 X63

hexane 0 44 101 8 90 94
ether 0 0 0 0 0 0
dichloromethane 0 0 0 1 0 0
ethyl acetate 0 0 0 0 0 0
methanol 1 0 0 3 1 2

. “bufadienolide®PLCiE ¥
(1) PLCTE®E O -

KRB bufadienolided % O ¥k H & Feardenolide® W L HB O EMIIOWVT,
bk FS B e BPLC/PRF/SIC B+ 2 B M IEE A2 RET Lc. 2L 8P OEEERZIC A
(pg/nl) THE5 L. Table 25T, B&kayic. £ vHICE&HF T 5 KRB bufadienol -
idelt., OB BHRBKPCEMEBICH~, ICs VK E RN, FTH. hellebrige-



ninld FE LB ORMBEE AR U, [Csoff1.6X 107w g/ml, R Thufalin-3-acetate
'2.0%10*, gamabufotalin 2.3X 10°%, bufalin 2.8X 10°*, sillarenin 3.1X107*, bu-
fotalin 3.4X10°*, telocinobufagin 3.5X10°*, bufalin-3-succinate-tert-butylcar-
bazoate 6.2X 10°*, cinobufagin 7.4X 10" *, bufalin-3-suberate 7.5X 10~*, desacet-
yl-bufotalin 7.8x 10°%, digitoxigenin 8.7X 10 ‘D IFIC 12D L&MW HI0 ‘A - ¥ - D
EW AR LA, IRWT cinobufotalin, a mixture of A2 and 43-bufalin, resibufag-
in | bufalin-3-suberate methylester. 3-keto-bufalin’Z & 5 D{L&YH. - ONEFE
KW F - -oEHERLE. WA -7 -0iE#H 2R L&MW EZTOMEMIZ. cin-
obufagin-3-suberate, cinobufagin-3-acetate, 3-keto-cinobufagin , 0COC(CHs)=CH:
ester of bufalin, gamabufotalin-3-acetate. periplogenin., bufalin-3-succinate, B
-chlorohydrin, 3a -hydroxy-bufalin, resibufogenin, 15-oxo-bufalin-3-acetate, 3a
-hydroxy-cinobufagin. desacetyl-cinobufagin-3-acetateTd - fz, & L. i 146
OHE2FT 2L, 14, 150 iCepoxyEX2HFTHHOL D bIERNIE, ORI
bufadienolide D R BIEA D v A VA{EAY OFRLFIE—-H LTV, £hbu-
fadienolideit, cardenolided b b i EHER LI, 51T, BWKH D I LiTid, 1T
-a -pyronelROME L {8 HEHOK T2 LT b e N ETRBOEEERLALZIET
0. a-pyroneROGFERFEURBICH T E2LAZFHETREOI ENG -1t T HIE
bufadienolide® & Fcardenolide@#FH IcH T, —MIZ146 -00{K X148, 158 -epoxytk
bLUZORMKTH B14a,15a -epoxylf L ) bMWEHEER LTS, o, &M
FEKROBEHIBEHREICLID, PEDARESHEVERLTOLE I ENGD B, THbL,
T DEB#EEDMIERE#EDE ., TOMEEHOEENPLCHEIIC BT 5B
EURKE(FELTWLI I ENTFREIN S,

ok F UHEEBIICR LTI, BEALSOLEYMERER LS EL, LD, 107°
pg/mll N )bdbufalin, sillarenini & Fcinobufagini3fi A FOFEHEERL. 1077
rg/mll XV DJa-hydroxy-bufalind resibufogeninb AHFDFEMER LI, —F. 1077
pe/mll X J)L®d15-0oxo-bufalin-3-acetate¥ & Fdesacetyl-cinobufagin-3-acetateld, ©»
Th —REOLUANLETEELZRL I,

(2) PLCEH OB EIKTFIE -

ER®D X S5 ICPLCEHIZ T X TIC o THM L 228, {L&WIcH 4 2PLCEHOBEKRF
MoBFENAEEZRE, 250, (LEPOBERIINTIRERLZA SN S, £EIT, &
DI S5306L (1072 zg/nl) FTOEMOENS 148 -00k TH[Fie. 1(ad], 148,
158 -epoxyfk 6 [Fig. 1(b)]%4:2C, ThZho{t2YOBEIC L 2EHMED Y 7 7 %1E
Blt. 5 7THBBY, BEAEOLEYEENOBBEEER., BEOEMIC/IZ L
MItERHOREHBE Xhi, Ld L. conobufagin(No. 13) & 3-keto-cinobufagin(No. 20)
ik, BELEHOMENMIZITERETR L, —F. 48 -00FTIX, EHEIREOIEHEOHE
X0V EN S B, o, bufalin-3-acetate(No. 2) I T QMMM . BENFH (A
Zizoh, BHOBIEBBEL R ENah ) BIENFELLN S,



Table 2 [Cso of Bufadienolide and Cardenolide for PLC/PRF/5.

compound I[’C:,u(,ug/nl) ; compound 1Cso( mg/nl)
P
1. Hellebrigenin 1.8x1074  5.3x10°4 48. Cinobufagin-3-succinate 8.5x107! 9.6x10"!
2. Bufalin-3-acetate 2.0%10°4 9.0x10-2 49. 3,16-Diketo-cinobufagin 8.5x10°! 5.6
3. Gamabufotalin 2.3%10°%  8.0x107* 50. Acetyl-arenobufagin 8.7x10°! 6.8
4. Bufalin 2.8%1074 2.8x10°4 51. Desacetyl-14 a,15 @ -epoxy
5. Scillarenin 3.1%X10°*  3.2x10°4 cinobufagin-3-acetate B.8§X107! 1.0
6. Bufotalin J.4X10°4 2.8%10°3 52. 16-Keto-cincbufagin-
7. Telocinobufagin 3.5%10-  2.6%107? 3-acetate 2.4 7.6
8. Bufalin-3-succinate-tert- 53. Al-3-keto-resibufogenin 2.6 7.8
butylcarbazoate 6.2%10-*4 5.6X10°®  54. 3-Epi-l14a,15a-epoxy
9. Cinobufagin T.4%1074 9.2x1074 resibufogenin 4.7 6.4
10. Bufalin-3-suberate 7.5X107*  3.8%1079 55. 3-Epi-l4 a,15 @ -epoxy
11. Desacetyl-bufotalin 7.8x10°*  B8.0x10°2 resibufogenin-3acetate 4.7 43
1. Digitoxigenin 8.7x10°* 9.2X1072 96. Ald4-3-Keto-bufalin 4.9 1.8
13. Cinobufotalin 1.0x10=  B8.0x10°? 57. Al4-Bufotalin-3-acetate 5.0 7.3
14. A mixture of A2 and 98. Digitoxigenin-J-suberate 8.7 8.6
A3-bufalin 8.0x10® 9.8x10°2 59. 3-Keto-resibufogenin 5.8 9.7
15. Resibufagin 8.9x102  7.5%x1072 60. l4a,15a -epoxy resibufogenin
16. Bufalin-3-suberate -3-acetate 5.9 7.3
methylester 9.0x10-3 9.4x%10-2 61. Bufatrienolide-15-0 B.2 21
17. 3-Keto-bufalin 9.3x1072  6.1X107! -nitrobenzoate®’
18. Cinobufagin-3-suberate 1.0x107°2 6.0x10"! 82. Cinobufagin-3-cinnamate 6.4 9.8
19. Cinobufagin-3-acetate 4.0x102  9.2x10°2 63. Isobufalin ethylester
20. 3-Keto-cinobufagin 5.6x10°2 7.7X10°! -J-acetate 6.4 41
21. 0COC(CH4)=CH, ester Bufalin 5.9%10"2  9.7x10°2  B64. Isobufalin methylester
2Z2. Gamabufotalin-3-acetate 6.0x10°2  6.6X10"! -J-acetate 6.6 41
23. Periplogenin 6.1x102  7.5X107! 85. 16 @ -Nydroxy-resibufogenin
24. Bufalin-3-succinate 6.6x102  5.0x10°! -3-acetate 8.7 7.5
25. P -Chlorohydrin 7.0x102  §.2x10°! B6. .A41,4-3-keto-resibufogenin 8.7 10
26. 3« -Hydroxy-bufalin 7.6%1072  7.7x1072  67. 3-keto-14 a -artebufogenin 7.0 10
21. Resibufogenin 7.1%x1072 7.6%10°2 68. Isobufalin ethylester 1.5 9.5
28. 15-Oxo-bufalin-3-acatate 7.7%10°2 6.4 69. 14« -Hydroxy-bufalin-
2%. Ja-Hydoroxy-cinobufagin 9.8x10°2 9.0x10"! 38,16 B-diacetate 1.5 21
30. Desacethyl cinobufagin- 70. 7-0xo-bufatrienolide-15-0 8.0 30
3-acetate 9.8x10°2 3A -nitrobenzoate®’
31. Resibufagin-19-oxime 1.0x10°! 9.0x10™! 71. 14 @ -Artebufogenin 8.2 12
3Z. 3-keto-sillarenin 1.9x10°Y  8.2ZXx10~"  72. 3-Epi-resibufogenin 8.3 43
33. Resibufogenin-3-acetate 3.2x10°¢t 9.5x10°! 73. 14 B -Arte-HK" 8.4 >50
34. Resibufogenin-3-formate J3.4%10°" 3.6 74. 3-Keto-14 a,15a -epoxy-
35. Al4-Digitoxigenin 3.6x10"" 7.3%10°! resibufogenin 8.7 43
36. Marinobufagin 5.2x10°! 4.9x%107! 75. Isobufalin methylester g.1 45
37. Desacetyl-cinobufagin 5.2%10°t 1.8 78. CHKAS? 9.5 >50
38. Digitoxigenin-3-methyl 77. 1sogamabufotalin-methylester
-suberate §.3x107! 9.8x107! -3,11-diacetate 9.7 20
39. 14 p-Artebufogenin- 78. 20,21-epoxy-resibufogenin 9.7 30
3-acetate 5.5x10°! - 1.8 79. Isobufalin 10 >50
40. Digitoxigenin-3-acetate 5.5x10°"  5.0x10°' 80. 14 ,15a -Epoxy-resibufogenin 20 26
4]1. Resibufaginol 6.1x10"" 8.2 81. 148 -Arte-Et-K-Ac? 22 33
42. Desacetyl-cincbufotalin 6.7%10°"  6.4%xI07'  82. CHKB® 26 >50
43. 15 -Hydroxy-bufalin- 83. 15« -llydroxy-bufalin 35 30
3-acetate 7.1x10°! 5.8 84. Desacetyl-cinobufagin-3-
44, Cinobufagin-3,5- acetate-20,21-epoxide 44 >50
dinitrobenzoate  7.8X107! 9.8 85. Isobufotalin methylester
45. 3-Keto-gamabufotalin- -3-acetate 49 50
11-acetate 7.9x10°" 5.60 86. Desacetyl-cincbufagin-3-
46. 14 B -Artebufogenin 8.2x10°" 12 acetate-16-succinate 50 >50
47. Al4-Bufalin 8.3x10°! 9.0x10"! 87. RRA-1T? >50 >50

1)14 B -arte-KK: Hethyl(Z)-3 B -hydroxy-15,21-dioxo-58,14 B -chol-20(22) -enoate
2)14 B-arte-Et-K-Ac: Ethyl(z)-3 B -acetoxyl5,21-dioxo-5F,14 B -chol-20(22) - encate
3)Bfatrienolide-15-0-nitrobenzoate:3 B,15 £ -Dehydroxy-5 f,14 £ -bufa-8,20,22-trienolide-3-acetate-15-ortho-nitrobenzoate
4)7-0xo-bufatrienolide-15-0-nitrobenzoate:
3B,15¢ -Dehydroxy-T-oxo-5p,14 & -bufa-8,20,22-trienolide-J-acetate-15-ortho-nitrobenzoate
5)CHKA: Hethyl-3 8 -hydroxy-148,158;160,22¢ -diepoxy-2l-nor-58,14 B -cholanoate
B)CHEB: Hethyl(E)-3 8,16 8 -dihydroxy-14 8 ,15P -epoxy-21-nor-chol-20(22)-enoate
7)RRA-1:14 8,15 B -Epoxy-5 £ -chol -20(22) -en-3 B, 21-24-triol
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M. bufadienolidetf ik & PLCIEE D AHY
(1) W& —7EvEEE -

WEBES K Dgroup A~EIZAB L., #HT 5,

MELFEHEoHMEEFEEVIMET S0, KR Tbufadienolide® #EF & L TL2{LE

A. bufalin, bufotalin& TN 5 OFHE (145 -008%2FH T 5{LE4% - itk - FHH)
resibufogenin, cinobufagin& TN 5 DFHK (148,158 -epoxyH, lda,lba-
epoxyEEH T (LY - REE - BHED

C. cardenolided & @ F# K
T I B FEHES LT A b bufadienolide& cardenolide (A, B, CEL# @ bufadieno-
lide & cardenolide)

E. a -pyroneBfl %k

[ Group A ] 148 -00{k T & 5 bufalin, bufotalin’i &¥® [Csoffi 2 Table JICEH L 7z,

O\
CcO
Table 3 PLC/PRF/5 Activities of 148 -llydroxy Bufadienolides(A)

No compounds substitution Inhibitory activities Ratio of

1Cso (pg/ul) activities

1 Hellebrigenin R=0I,R1=ClI0, R2=I, RI=01 1.6X10°4 1.0

2 Bufalin-3-acetate R=0Ac,R1=Clly,RZ=R3=H 2.0x10-% 8.0x10"!

3 Gamabufotalin R=0M,R1=Cll5,R2=R3=ll,11 & -OH 2.3%107* 7.0%10°!

4 Bufalin R=0H,R1=Cliy, R2=R3=I 2.8x10°* 5.7x10°¢

5 Scillarenin R=0H,R1=Cll5, RZ=R3I=H, A4 3.1x10°* 5.2%10°!

i} Bufotalin R=01f, RI=CH4, R2=0Ac, R3=Hl J.4x10-4 4.7x10°"

7 Telocinobufagin R=0H,R1=Cli 4, R2=H, R3=01l 3.5%10°4 4.6X10"!

8 Bufalin-3-succinate-tert R=CO0(Cli ;) ,CONHCI,CO0CI 5, R1=Cll, 6.2x10°4 2.6x]10°!

-butylcarbazoate R2=R3I=H

10 Bufalin-3-suberate R=CO0({Cll;) sCOON,R1=Cll5,R2=R3=H 7.5%10°4 2.1x107!

11 Desacetyl-bufotalin R=0Il, R1=CH,, R2=01, R3=H 7.8x10°* 2.1x10°17

14 A mixture of A2 and A3-bufalin A2 and A3 §.0x1073 2.0%x10°2

16 Bufalin-3-suberate methylester R=C00(CH ;) 4CO0CH 4, RE=Clly, R2=R3=II 9.0x10™? 1.6x10°2

I7 J-Keto-bufalin R=CO,R1=Cll5,R2=R3=H 9.3x10°2 1.7%x10°2

21 OCOC(CH,)=CH, ester of Bufalin R=0C0C (CH4) =Cll 5, R1=Cll5, R2=R3=1I 5.9x10-2 2.7x%10°2

22 Gamabufotalin-3-acetate R=0Ac,R1=Cily,RZ=R3=1l, 11 a -OIi 6.0x10"2 2.7%1072

24 Bufalin-3-succinate R=0CO(CH ;) ,CO0H, R1=CH,,R2=RI=H 6.6%x10°2 2.4%10°3

26 Ja -Hydroxy-bufalin R=a -0li, RI=Cll4, R2=R3=II 7.6x10°2 2.1x1073

28 15-0xo-bufalin-3-acetate R=0Ac, RI=CH,, R2=R3=Hl, [S-ketone 7.7x1072 2.1x%]079

37 3-Keto-sillarenin R=CO,R1=Cl4, RZ=R3=N, A1 1.9x10°! 8.4x10°4

43 1Sa -Hydroxy-bufalin-3-acetate R=0Ac, R1=Cli5, R2=R3=ll, IS« -0l 7.1x107! 2.3x10*

45 3-Keto-gamabufotalin-11-acetate R=C0O,R1=Cil5, R2=RI=NR, 11-04e 7.9x10°" 2.0x10°4

50 Acetyl-arenobufagin R=0Ac,R1=CH,,RZ2=R3=I, 11 a -OH, 12-ketone 8.7x10! 1.8x10°*

56 3-Keto-14-dehydrobulalin R=CO, R1=Cil,, RZ=R3=H, A1 1.9 3.3x10°%

68 14a -Hydroxybufalin-3 §,16 B -diacetate R=0Ac,R1=Cll5,R2=0Ac,R3=l, 11 a Olf 7.5 2.1x10°%

43 15 a -Hydroxybufalin R=0Il,R1=CH5, R2=R3=H, 15 « -0l 15 4.6X%10"°




bufalinE EAME L EZ 2 &, 19ZCHOR DE A, 1la-0HD 8 A ITENE % 5 o 2 A5,
16 8-0Ac, 58 -0H, 168 -0RDE A FiEHE 2L T x ¢, HIZ1ba-0IZEDBEAIZE L (EH:
FETXIEIZZENS D5 I, 16 8 -OL& (Zacetated © b X S Il AHE L,

scheme |
S4IDBARF. BEALAUBHRR L, 42/4308ARE®EET 45, 0D
oxoft (keto) RBiEMEETFT &, - T. Ad@fﬁébA4—3—ketn¢®?£ﬁti{&TLre\
50 3a-00{tblda-0ML bIEHEEET & H5,

LI 2L TH, FS0Dacety L IFIEWEAEH 5 M, fiDesterld T NTIERAET &
#72, TDesterO MM ENAGIIE3-succinate-tert-butylcarbazoate> 3-suberate> 3-
suberate methylester > 3-succinate T - 7=, succinatek b & tert-butylcarbazoate®

AEENER LTI EFERICET 5,

[ Group B ] 148,158 -epoxy{& T & S resibufogenin, cinobufagin’i E@ICsofﬁ’E’Tz‘ibIe
4B L UFSITEH L -,

Table 4 PLC/PRF/5 Activities of 148,158 -Epoxy Bufadienolides(B-1)
No compounds substitution Inhibitory activities Ratio of
ICso (g/ml) activities
15 Resibufagin R=0H,R1=CHO, R2=H,R3=H 8.9x10°2 1.0
27 Resibufogenin R=0H,R1=CHg, R2=H,R3=H 7.7x10°2 1.2x10°!
33 Resibufogenin-3-acetate R=0Ac,R1=CHs,R2=H,R3=H 3.2x10°! 2.8x10°2
34 Resibufogenin-3-formate R=0CHO,R1=CH,,R2=H,R3=H 3.4X10"! 2.6%x10°2
36 Marinobufagin R=0H,R1=CHa4, R2=H, R3=0H 5.2%10°! 1.7x10°2
41 Resibufaginol R=0H, R1=CH0H,R2=H, R3=H B.1X10°! 1.5x1072
53 Al-3-Keto-resibufogenin R=C0,R1=CH3, R2=H,R3=H, A1 2.6 3.4x10°2
54 3-Epi-14 @, 15 a -epoxy-resibufogenin R=a OH,R1=CH3,R2=H,R3=H, 14 a , 15 & -epoxy 4.7 1.9x1072
55 3-Epi-14 @ ,15a -epoxy-resibufogenin R= & 0Ac, R1=Cli5,R2=H,R3=H, 4.7 1.9x10™2
3-acetate 14,15« -epoxy
59  3-Keto-resibufogenin R=C0,R1=Cli;, RZ=H,R3=K 5.8 1.5%102
B0 14« ,15 @ -epoxy-resibufogenin R=0Ac,R1=Cll3,R2=H,R3=H,14 ¢ , 15 a -epoxy 5.9 1.5x10°3
3-acetate
65 16 @ -Hydroxy-resibufogenin-3-acetate  R=0Ac,R1=CH,, RZ=0H,R3=H 6.7 1.3x1072
66  Al,4-3-Keto-resibufogenin R=C0, R1=Cily,R2=04c,R3=H, A1,4 6.7 1.3x1073
72 3-Epi-resibufogenin R=c O,R1=CHs,R2=H,RI=H 8.3 1.1X10-3
74  3-Keto-14a,15a -epoxy-resibufogenin  R=CO,R1=CHs,R2=H,R3=H,14 o ,15 @ -epoxy 8.7 1.0x1072
80 14 @ ,15 a -Epoxy-resibufogenin R=0H,R1=CHs, R2=H,R3=H,14 ¢ , 15 @ -epoxy 20 4.5x10°4




Table 5 PLC/PRF/5 Activities of 148,158 -Epoxy-16 8 -Acetoxy
Bufadienolides(B-2)

No conpounds substitution Inhibitory activities Ratio of
ICsqg (g g/ul) activities

9  Cinobufagin R=0H,R1=CH3,R2=04c,R3=H 7.4X1074 1.0

13 Cinobufotalin R=0H,R1=CH4, R2=0Ac,R3=0H 1.0x1072 7.4%X107!
18 Cinobufagin-3-suberate R=COQ(Cll2) sCOOH, R1=CHa4,R2=0Ac, R3=H 1.0x10°2 7.4%1072
19  Cinobufagin-3-acetate R=0Ac,R1=CHa,R2=0Ac,R3=1 4.0x107% 1.9x%10-2
20 J-Keto-cinobufagin R=C0,R1=CHa4,R2=0Ac,R3=H 5.6X1072 1.3x10°2
29 o -Hydroxy-cinobufagin R= Ol R1=CH5, R2=0Ac, R3=H 9.8x10-2 7.6%10-3
30 Desacetyl-cinobufagin-3-acetate R=04C,R1=CHg,R2=0H,R3=H 9.8x10°2 7.6x10-3
37 Desacetyl-cinobufagin R=0Hlt,R1=Cli5,R2=0H, R3=H 5.2X107" 1.4x1073
42 Desacetyl-cinobufotalin R=0H,R1=Cli5, R2=0H, R3=01 6.7%x10°! 1.1x10-3
44 Cinobufagin-3,5-dinitrobenzoate R=0C0C4H 4 (NO3) 2, R1=CH 4, R2=0Ac, R3=H 7.8X107! 9.5x10°*
438 Cinobufagin-3-succinate R=0CO(CH 2} 2COOH, R1=CH 5, R2=0Ac, R3=H 8.5x107! 8.7X10"*
19 3,16-Diketo-cinobufagin R=C0,R1=CH5,R2=C0,R3=H 8.5%107!' 8.7x10°4
51 Desacetyl-14 ,15 @ -epoxy-cinobufagin  R=0Ac,R1=CH,R2=04c,R3=l, 8.8x10°! 8.4x10°4

3-acetate 14 a,15a -epoxy

52 16-Keto-cinobufagin-3-acetate R=0Ac,R1=CH,R2=C0,R3=H 2.4 3.1x10-4
62 Cinobufagin-3-cinnamate R=0COCH=CHC&Hs, R1=Cl4, R2=0Ac, R3=H 6.4 1.2%10-4
8¢  Desacetyl-cinobufagin-3-acetate R=0Ac,R1=CH,R2=0C0(CHz) -COCH, R3=H 50 1.4X10°%

-16-succinate

resibufogeninZ HAHE L EL 2L, HiRD 148 -0MEDEALFU <. 1947 CHOX: o 34
AREREEH5H. £hoxine(t U7z Y -CH,0IK iz 4 3 ECHsE LD b 0PEWE(KT
EHL, TOMIZKROBEY TH > 72, 19-CHO> 19-CHs> [9-CH=N-0H> 19-CH,0H

mﬂﬁmaAuowru‘%umﬁﬂmﬁmﬁku\§b<%ﬁéﬁw%,f&bz‘
resibufogeniniZ ¥f 4 5 cinobufagin, marinobufaginiZ 3t 4 Z cinobufotalindZ h T 3,
LdL, IBﬁ-OH:Eib‘ctUlﬁa-Oﬂﬁwﬁ)&#iiﬁi&’&ﬁﬂ?éﬁé:&fﬁﬁ}:b\b (scheme 2) .
HIZR D148 -0l (Group A) DBELBRE LS BER LB, —F. resibufogenin-
3-acetate, cinobufagin-3-acetated k Fdesacetyl-cinobufagin-3-acetate® t 214, 3
BLICOACEEF T 2LEMITI68 -OIEOBAIK L DSt A LT 5, C DRI, 38 -
OHEDZThENTH B, £, BEEHla OIEkDEL. KRB D148,158 -epoxythk & b
Ma,15a -epoxyBERD T AP PRNER AR LT B ER%S 20 TH 3, BEDC
E 5. LB LTI BBE L, TEHE LA BHECELECHESE5Z T2 b0 LE
bhd,

SB-0HEDBAR, WTFhoBEKLLTHERL*RL x ¢ (resibufogenin> marino-
bufagin;cinobufagin>cinobufotalin) . = 7z 3{L/kEEE D &Pk ik (a k) & FepoxyR
Pefk (14a., 15a -epoxyik (scheme 2)) i vFh LIEEMNFLIIETLTL S,

K7 Ol
ty, ’O o

scheme 2



MIOHD i b ik, LW h bIEREIM L. €03-Ketolkic B3 2 410BA, 4], 403E
Ald. RO TEMEIET L/ (scheme 3) .

CH:{ CHa CH3 CHQF
HO (¢} : \ { 0] : l f (0]
H H H
scheme 3

MNKBEED L A7 VL. WIh biEM A KT & #7- (scheme 4) ,

3-0H> 3-suberate > 3-acetate, 3-formate> 3-(3, 5-dinitro)-benzoate
> 3-succinate> 3-cinnaminate

scheme 4

F/, B¥E{K14a, 15a -epoxy-resibufogeniné 16 @ -0-succinatedi b IE W EHEET L
el EIREB LI, |

[ Group C ] cardenolided & @D %Mk D ICsoffil % Table GICE ¥ L 720

@)
g
CcO
CHy
CH,
OH
R
Ry
Table 6 PLC/PRF/5 Activities of Cardenolides
No compounds substitution Inhibitory activities Ratio of
ICso (pg/ml) activities
12 Digitoxigenin - R=0H,R1=H 8.7x104 1.0
23 Periplogenin R=0H, R1=0H 6.1x10°2 1.4x10°2
38 Digitoxigenin-3-methylsuberate R=0CO(CH>) sCOOCHS, R1=H 5.3x107! 1.6x1073
40  Digitoxigenin-3-acetate R=0Ac,R1=H 5.5x10°! 1.6x10-3
58 Digitoxigenin-3-suberate R=0CO(CH ) «COOH, R1=H 5.2 1.7x%10"*

cardenolideitf U X Fu4 FE¥ %A F >bufadienolided b {EMI1Z5F L o Group A. B&
MU, 58-0IEDEARFEHEEZBL. MMM AFNVREBEILEREZIETEE 2, = A7 /VO
5 B, ‘3-suberatet ® & 3-methylsuberate® HFAUEHENE <. HkEL,

[ Group D ] 14-0Hf{k & 14, 15-epoxy{k A2t /- Group A~CIZ A & 4 L bufadienolide &
cardenolide® ICs ofi # Table TIZE¥H L 7=,



CO
CHs Z
CHs
NOo
W o—@
HO
X
Table 7 PLC/PRF/5 Activities of 14-Non-Oxygen Bufadienolides
o compounds substitution Inhibitory activities Ratio of
ICso (mg/al) activities
25 B -Chlorohydrin’ R=0H,R1=BC1,R2=a OH,R3=H 7.0%1072 1.0
35 Al4-Digitoxigenin R=0H,R1=R2=.414,cardenolide J.6x107! 1.9x107!
39 14 B -Artebufogenin-3-acetate R=0Ac,R1= AH,R2=C0,R3=1 5.5x10°! 1.3x10°!
16 14 B -Artebufogenin R=0H,R1= A H,R2=C0,R3=l 8.2x10"! 8.5x10°2
47  Al4-Bufalin R=0H,R1=R2=.114,R3=H §.3x10™" 8.4x1072
56 Al4-3-Xeto-bufalin R=CO,R1=R2=114,R3=H 4. 1.4x1072
57 Ald-Bufotalin-3-acetate R=0Ac,R1=R2=.A414,R3= B OAc 5.0 1.4x10-2
61 Bufatrienolide-15-0-nitrobenzoate R=0H,X=H2, A7(14) 6.2 1.1x1072
67 3-Keto-14 a -artebufogenin R=CO,R1=a},R2=C0,RI=H 1.0 1.0x10-2
70 7-0xo-bufatrienolide-15-0-nitrobenzoate  R=0H,X=C0, A7(14) 8.0 8.8x10°3
71 14 a -Artebufogenin R=0H,R1=aH,R2=CO,R3=H 8.2 8.5X%10°3

1)3 8,15 -Dihydroxy, 14 B -chloro-bufa-5 B i, 20,22-dienolide(14 A Cl, 15  OH{E)

B -phlorohydrine(ltlﬂ -C1, 15a -00)M7.0x 10" & v 9 resibufogenin® £Hh (7.7X
10°%) k0 MOEEERL. 51146 -1, 15-oxofk & A 4EMI0 " A —F —DEHER
LicZ &S, BUHORBRICLTUDBUUIKEEIEELTOACTHROLI LGN
too A14EIZHB T, cardenolide A% bufadienolidek VWV iIEHE%E 5 X 1o 2 & b Bk
TBH, £/, 148 -1, 15-oxofk (148 -artebufogenin) &, ZDE¥&14a -1, 15-oxofk
(14 a -artebufogenin) £ 9 bIEEH L. Z O RMEEKIZEH ) 2B8{F26roup A (14-0H) .
Group B (14, 15-epoxy) ICHE WL THRLTHH, ChooEEM S, C/DER cishitrans
FOBICHOWEEEEZ L ICBbNE, 251, 3-0Acko A, 3-00k L b H2PiE
MM, 1da -HETIiX, iketoneD B A TIHEHOMERL /2. ketoneE DB A TiFH
BHARKLIEDIR, COFNBHIDOATH -1,

[ Group E ] @ -pyronel@%kepoxyfb L. #£EREEZEZ (LAY L a -pyronelREB B L /4L
LY D4 T ATable BICEE U1,

— 47_.



COooR
COOCH, o\c0 oo COOCH;
O QHC,
CHq & ~ CH,0H =
° Ly H Yo
CMKB Isobufalm 20,21-epoxide RRA-1 14 8 -Arte-MK
R= CHgz , C;H;5
scheme 5
Table 8 PLC/PRF/5 Activities of the Epoxy a -Pyrone
and a -Pyrone Opening Compounds
No compound Inhibitory activities Ratio of
ICso( pg/ml) activities

63 Isobufalin ethylester-3-acetate B.4 1.0

64 Isobufalin methylester-3-axetate 6.6 9.7x10!

68 Isobufalin ethylester 7.5 8.5x107!

73 14 B -Arte-MK" 8.4 7.6X107",

75  Isobufalin methylester 9.1 7.0x10°!

76 CHKA2? 9.5 6.7X107!

717 Isogamabufotalin-methylester- 9.7 6.6X107!

3,11-diacetate

78 20,21-epoxy-resibufogenin 9.7 6.6x10"!

79 Isobufalin 10 6.4%x107!

81 14 B -Arte-Et-K-Ac® 22 2.9x10°!

82 CHKB#? 26 2.5x1071

84 Desacetyl -cinobufagin-3-acetate 44 1.5X107!

20, 21-epoxide
85 Isobufaotalin methylester- 49 1.3x107!
3-acetate
87 RRA-1% >50 <1.3x10°!

1)14 B -arte-MK: Methyl(Z)-3 B -hydroxy-15,21-dioxo-58,14 B-chol-20(22)-enoate
2)CHMKA: Methyl-3 B -hydroxy-148,158;,16 8,22 £ -diepoxy-21-nor-5 8,14 B -cholanoate
3)14 B -Arte-Et-K-Ac: Ethyl(z)-3 B -acetoxy-15,21-dioxo-5 8,14 B -chol-20(22) -enoate
4)CHKB: Methyl(E)-3 8,16 B -dihydroxy-14 8,15 B -epoxy-21-nor-chol-20(22) -enoate
5)RRA-1: 148,15 B -Epoxy-5 B -chol-20(22) -en-3 8,21,24-triol

% & % scheme 5iZ/R L7, 20, 21-epoxy-resibufogenin® i #:iL. resibufogenin® &

NEHLELIFEL. b a -pyroneBl B Rk D 4~ T A5,

BEAFE UL LRV TCEREEE

UCEETEHETHB, UL, HOANS bEWERFLALE,. a-pyroneBROFELEIRL. 1F

BHRMOEELRFTH 5,

EREREROTXTTREVWIEERRLT LA,



(2) DREHtEELEHEEY

UEDHEGroup AR T2E, a-pyroneBRNWFEET IDRWBEFA X (FEHRICK
BEBEZTWHIENGID, £ T, DERESHEELIL -0MK, 38 -0Acth®t L UF3-Keto
ForhZhii > TEEORWIFEL TR UK,

[ 38-00fF ]
0\00 [ 0“co l o\co O~co %<co | O~co I o‘co
A s A / — A A
% ore > ore oH > > > >
oH OH (8] OoH OH Cl H o]
COOCHs COOCH;,
O\CO O\Co O\CO O\CO O\CU e
e 1 e / .,—_—J r A
> oH > > >j; > > i >
= a Vg ) "M o o‘
“~co ©~co ~co
o 1
A i
> >
- = N scheme §
[ 38 -0Actk ]
0. o._ (0N g o. N N o
co I co | Cco \ co ] co co _“co
A F Z P 7 ===
> ore > > oH > > >
OH o OH O © o H Yo OH
< co O~co i co
p ’ g
OM:> OH >
oH "\OH \O‘H °

COOCH3

(]
7 | ~co
A
/ 0CO(CHZICOOH
j; OAc > scheme 7
o
(o]



[ 3-Ketofk ]

(ro(yr Lo Lr
OH o ° © "9

scheme 8

DHER. ROLITARNKEG oI, bbb, (1) a-pyroneBORELEZZ &
(I ZE, epoxy{tPHR) FLEMENBL TS, (2) C/D cis #kit, C/D trans & &
Db, BREHEIEL (FAIE. lda-00, lda-BB L Flda, 15a -epoxyii &) o (3)
I4ALICBRFENREALTWLELTD (FIAIE, 14a /148 -artebufogenind L U 4 144%) ¥
NWRERFEIH D, Fi2 (4) 148 -01FH148 -C1E T - 12{,E&% (148 -Cl, 15a -0H{E)
BEENRE L. (5) 15a-0lFEDHAR, FHEZFLI(BLEE. rhrict s EiEti
EAFTS5, (6) 1P THDH. 168-00%K&Z/x 27 )(succinate) 2§ 3 LiEHIRE
LABPTB, BEDQDIENh T,

(3) SMEHE (AR) LiGMEAHEA -
AGroupil B M BMEIFEHICEZ 2HBERF L1, 3&&?&&?)*5152‘%&%
EUOHOMICENRS ERD LI ICE -1,

C/D cis 148 -0Hfk : 38 -0Ac> 38 -0H> 3-Keto> 3 a -0H

148 -tk : 38 -0Ac>3 B -0H

148,158 -epoxyfk : 38-00>38 -0Ac> 3-Keto>3a -0H
C/D trans l4a -H{E : 3-Keto> 35 -0H

l4da,15a -epoxy{k : 3a -00>38 -0Ac> 3-Keto>3 3 -0H

THbE, OC/D cisOBE. 38-00iF3a-00k H iz IiIciEHENK <. C/D transd
BA. 3a-0EM3B8-00& Y $EHNRL, BvicHIcHE > T3, @14-00F & 14-Hk D15
e "“LBE -0AcO A H38 -00L Y HIEHENM { . 14, 15-epoxyfk D4, epoxy a /BT &
D3-OHEZ-0AcEAR L Z2FEUNEH T I L0 S5 BRI GRANE SN,

ML XFNIZDWTIHE, bufalin@ = A F NWIZ DO TEBEICHT R Lice £ OMEM 2 {hD
GroupODZh LHBK L, ROLIHITHRMWE SN,

148 -0H{k : 3-0Ac> 3-succinate-tert-> 3-suberate> 3-suberate- > 3-succinate

(bufalin) buthylcarbazoate methylester

148,158 : 3-suberate> 3-0Ac> 3, 5-dinitro-> 3-succinate> 3-cinnaminate
epoxy{k benzoate
(cinobufagin)

C/D transfk @7 —$ F4 WA, (1) 148 -0k OHE 4. 3-0AcHi3-suberated b biE#E
MEES . 148,158 -epoxylk DB 4L, FOFOERENBE S, —4 (2) 3-succinateld.
WORGEHIEOAS, (3) £OFEEK3-succinate-tert-butylcarbazoateiZ i L iE ¥
NHEDEBEELRARLE S I,




(4) BBmEHE :

- EHEHEO -2 L LT, REMNLEEGY EP LI TOBBEMEMYHREERE L,
FOER 2 Table 9 (bufalin® A9 .(») &Table 10 (resibufogenin® AP .() K79,
4 HbbH, bufalin~d58 -08/19-CHO (hellebrigenin) ®# A, 1la -0 (gamabufot-
alin) O# A, MLKBEDacety LG A&, ThUNAIIXTHEEEZRD 2 H,
¥ic15a -0HO B AIIEENBE Lic. /. resibufogenin® B EFE U (. 19-CHODH A
BEEE LR, ¥I2168 -0Ac (cinobufagin) &£58-00/168 -0AcDH A T WGEHED LA
NE SNt 3-suberate/168 -0AciEYE LI LY, X 542, 38 -0Actk, 3a -0HE. 58 -0H{F.
168 -0Actk. 168 -0H{&, 3-ketofk i} J Fcardenolidefk iz DI THMAICHER L7z, car-

denolideid. #1249 % bufadienolidek DIEHMFENC L b LM &L - 2,

Table 9 Relationship between Structures of 144 -llydroxy
Bufadienolides and PLC Activity.

substtution relative activity

Bufalin 1.0
56-01,19-CHO 1.8 23
3B -0Ac 1.4 1.0
11a-OH 1.2
ya; ) 9.0x10"!
16 B -0Ac 8.2x10°! 1.0
58-0H §.0x107! 1.0
J-succinate-tert- 4.5x0°"
butylcarbazoate
J-suberate 3.8x107!
16 B -OH 3.6x10! 4.3x107
AU A3 3.5x1072
3-nethylsuberate J.1X10°2
3-keto 3.0x10°2 1.0
0COC(CH3)=CH; ester 4.7x10™2
3B-0hc, 11 e-0N 4.7x10-3 J.4x]10°3
J-succinate 4.2x10°3
14a-0H, 154-C1 3.9x1073
Ja-0i 3.7x1072
3 8-0Ac,15-ketone 3.7x1073 2.6x10°2
A4,3-keto 1.5x10°2 5.0x10°2
3B-0Ac, 14 B-I1,15-ketone 5.1X107* J.6x]10°*
3B-0Ac,15a-0H 3.9%x107* 2.8%10°4
3-keto, 11 a-0Ac 3.5x10°* 1.2x%1072
3B-0Ac,ll@-0l,12-keto 3.2Xx107* 2.3x10"¢
A4 . 5.7x10-5
3-ketone, A14 5.7%10°% 1.9%107°
3P -04c,16 B -0Ac, Al4 5.7x1073 1.1x10-3 7.0%10°3
148 -H, 15-ketone 5.7x10-5
3-ketone, 14 -H,15-ketone 4.0 X103 1.3x10°3
14a-00,3 8,16 B-0Ac 3.7x10°3 2.5%10°% 4.5x10°5
142 -H,15-ketone J.4%10°8
150 -0H 8.0x10-°

cardenolide 1.0x10"°2 1.0
5B8-0H 4.6x1073 1.4x10°2 5.8x102
pa)t 7.8%107% 2.4x1072
3-nvethylsubarate 5.3x107% 1.6%x107?
3B -0Ac 5.3x10°* 1.6X107® J3.8%x10°*
J-suberate 5.4x10°% [.7xX10-*




Table 10 Relationship between Structures of 14, 15-Epoxy
Bufadienolides and PLC Activity.

substitution relative activity
resibufogenin 1.0

19-CI0 8.3

3 8-0Ac 2.3x10°! 1.0

3-formate 2.2x10"1

58-01 1.4 %10 1.0

19-CH,0H 1.3x107!

Al,3-keto 2.8x10°2

Ja-0, 14da,15a-epoxy 1.6X102 1.7 §.2

Ja-0Ae, 14a,l5a-epoxy 1.6X1072 1.7 i.2

3-ketone 1.3x10-2

3P-0Ac, 14,15 -epoxy 1.3X10-2 5.7x10-2 3.2

3B -0Ac, 16 -0 1.1x10°2 4.8%1072

Ja-0H 9.2x10-2 1.0

3-ketone, 14,15 -cpoxy 8.3 %1073 2.2

14,15 o -epoxy 3.8x107° 1.0
cinobufagin 16 8 -0Ac YA 1.0

58-01, 16 B-0Ac 12 7.4X107! 86

3-suberate, 16 B-0Ac 1.2 7.4x10°2

38-0Ac, 168-0Ac 3.1x10°" 1.9x102 1.3

3-ketone, 16 8 -0Ac 2.1X107" 1.3%10°¢

da-01, 16 8-0Ac 1.2X107" 7.6%X10-° 13

3P -0Ac, 16 B-01 1.2x107" 7.6X107? 5.2x107! 5.5

18 8 -0H 2.2x107% 1.4x1072 1.0

S5B8-0d, 16 8-01 1.7x1072 1.1%1073 1.2X107" 1.2%107" 7.7x10"!

3-succinate 1.3x1072 8.7x10-4

3,16-diketone 1.3x1072 8.7x10-4

3B -0Ac, 168-00 1.2X107% 8.4X10°* 5.2x10°2 3.2 5.5x107!

14,15 a-epoxy
3A-0Ac, 16-ketone 4.4X1072 3.1x10°% 1.9x10°2
3-cinnamate 1.7x1073 1.2x1074

3F-04,16-0-succcinate 1.0x10°* 1.4%x10°% 4.3x10~4 i

IV. bufadienolide® i & 5 14

bufadienolide D PLCIEYE %A, fOMEBEN S L& L, # ~vFFbufadienolideiztf LT
SETHREZN TS0}, & b ERKBYIR., Uelaifo & L OF & 1% M1 O P388 & L12104c
DT THB, PIBLELI2ZINCDWTIE, HEWRE L TLHAthe US National Cancer
Institute( NIH )T ->2ETH 2, L L. BMEEEIcH 4 2EHIET L, —F4. KB
Mife & Hela-S3Mifa iEtEix. L TPLCIEM B LT3, KBHIBRICS LTl EfE 4
AL (107°DF+ =% —) Dix. hellebrigenin, scillaeninTd » . HeLa-S3iz%} L Tk
WiEHE (1074 — % —) 2R ULADIEbufalinTH -7, ChSD{EEYWiT3h HPLCE
PEAGE L (1074 =4 —) , —F, P388ictf L Tid, resibufogenink 4 14-bufalindi—&F
MOEEERUVLSHERBECAR TH S, LULEOZED S, PLCERE—HBoREBERD
Wt LTERTE 5,



Table 11 I1Cso values of Bufadienolide and on PLC/PRF/5, KB,

Hela-S3, P388 and L1210 cell
compound ICs0( st g/ml)
PLC/PRF/5 KB cell®) 2 Hela-S3® P388" L1210
Hellebrigenin 1.6X10-4 1.0x10-3 1.4x10-2 .
Bufalin-acetate 2.0X1074 2.0%X1072 38
Gamabufotalin 2.3x107°4 2.2%x1072~6.3X10"! 1.4X%1072 41
Bufalin 2.8x10°4 1.0x1072~1.0x10"! 6.2x107°4 20 42
Scillarenin 3.1X10°4 - 1.0x10°3
Bufotalin 3.4%x10°4 2.6x10-2 2.0x10°2
Telocinobufagin 3.5%1074 3.0x1072 3.7x10"2
Cinobufagin 7.4x10~4 1.0x10°2 2.1x10°2
Cinobufotalin 1.0x10°3 2.4%10"! 1.1x10°!
Resibufagin 8.9x10°° 6.3xI10°! 5.5%10°!
3-Keto-bufalin 9.3x10°3 1.9
a -Hydroxy-bufalin T.6X1072 2.4
15-0x0-bufalin- 7.7x10°2 33 100>
J-acetate . _
Resibufogenin 7.7%x10°2 3.4x10°! 15 38
Marinobufagin 5.2X107! 8.6XxX102~2.5 29 43
Desacetyl-cinobufagin 5.2X107! 1.0x10! 2.5%10°2 22 24
14 B -artebufogenin- 2.5x10! 4.5
J-acetate
Al4-Bufalin 8.3x10"! 28 16

1)The data of Cancer Research Institute, Arizona State University(USA), which evaluated
by the US National Cancer Institute.

2)Toshiro Suga, "An extra edition of Taisha(metabolic)”™ Harch, p.100(1973).

3)Chen. Pharm. Bull. 39(8)2135-2137(1991).
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Bt /Chan SuDANFH V2R, =T, BlkAFLY, BERRZFIN, A5 )
— i EOMEYWIC. b FITHEBEMIBPLC/PRF/SICHMWER 2 E Y., TOREN <
bufadienolideTH 5 L E2H -7, EYMORMBEEBEHORBHO—R L LT, bufadi-
enolidetfif LPLCEHEDOHMERA S, UTEHBIKRAOh 2L ) UEREHB .

1. 7XAM2T-7-0R38THETHY. ZDH b5FD cardenolided 13#E D a -pyroneiR
HEIFGEFNTLE, (L&D H B, 12810 ee/nlt —5 —, SENI0  ug/nlA—%
—. 13@H 10 2 pg/mlt —F —DBHiEEER L, BbM{LE&(dhellebrigenin
1.6x10°* ug/mlTH b, R\ Thufalin-3-acetate 2. 0X 10~*, gamabufotalin 2.3X
107*, bufalin 2.8X10°‘TH >, BOILEWHIL. Table LM U, T, FEI
aAEFUOMBHEBICODVWTHLRIL. WINLELEEEFOSINBFRELEEER L,

2. £fk& LT, bufadienolide, cardenolide. a -pyroneBREZEEDIEF TiEtk &b M
Rohi, a-pyronel@fEE L. FLAUAXSLFEREBFLTWAEI M5 a-pyronelROD
FENEERB LOLBAEFHETELOI ENG T, BN, KRB bufadienolideld.
TOFHEEL OEHIFE,



3. BEEIC148 -OHEILIE LT < . 148, 158 -epoxyik, cardenolide, 14{7ic B8 % &
AL T8 -artefk, 14da, 15a -epoxytk., l4a -artefk, a-pyroneBRHEREDOIET
EHEMMET T rEMICH e COBRIT. ERRBIEAYSLUTRVANVAERY O
REBEHL T3,

4. PICIEFHOBEXREEARET Ui, 148 -00E & 148,158 -epoxylk TRBEOE AR
S, 148,158 -epoxy@ I BEIC L 2 EHE A EBHEH TH O, EECH I 2 EZH
M ERDbhd, —F. 4B -0HKEF, BBEIKEIIL2h, EHEEALIWIPHENS
FHEMEH Shi, #ic. bufalin-3-acetateld, “OMEANE L, BhII2EETH 5,
(Fig. 1(a), (b))

5. {LEMOBRICLZESRAOEBEOERET Ui, 148 -00%F ¢4 Sbufalin, bufotal-
inE T DOFEEEDIC ofHIZI0* g/nl D LEMEKBEICHEF L T B —K. a-pyroneiRff
ZUEIZ10°~ 102 ng/mlOBEBEICEFR LT, cinobufaginB U FDFEBE D ICsfHIT
LEHHBEYRL. ALZEHICLIMBENLCEHATHFETEZL NG -1 (Fig. 2) .

6. MMEBE-—EHAHME] 0o—2& LT, k&M ECroupl i), BEHICERL 2 HAIE%:
BE Ui, SegrowpD LAY OFEH:R 1 L LT, LAY DM iEYE % & TableiZ Bt
il O

[ Group A ]: 48 -OHEXF T 3{&Y. Ettk. FHE (Table 3)

D19-CHO, 1la -OH, 3-OAcOE AR FEAET /4, @168 -0Ac, 168 -0H, 15a -
OH, lda -OHOHBAZFEHEZETEHEHL, @22/430FB AL, 440BA LY HiEHEEIE
TFTaH#7, 51T, I~ Dketonefk, esterfkiZiFEH AP & &, i 3-succinate-tert
-butylcarbazoate>3-suberate>3-suberate methylester>3-succinateDJEIZIEHEIZ{E { &
>
[ Group B 1: 148,158 -epoxy#. l4a,15a -epoxyEA2HF T 54, Bk, FH8L
(Table 4,5)

D19-CHO>19-CHs>19-CH=N-OH>19-CH . OHDO M ICTEHIZIE T L, @3-0HE Ti., 168 -
OAcO M A TIEMIZFWIN L /24, 16a -0H, 16 8 -0H, 16-ester® B A TIEHIZET L 2. 14 e,
15a -epoxyfkiZ Bk L D I HNITEWERE SR U, 3-0AckTIF, FIT16-00DHF A
FOEMEIEM LU, 3a-0l&ETid. 1da,15a -epoxythkD H45148,158 -epoxyfE L b
IMEHEER LI, COXHIZ, MMBLUIMBERICLZERLOHEMENFEET S
EVHOSMER 5T, @58 -0I0BARFEHEZBL I, OABR~D2EES (41,4
4) BEEESLEE, X523~ 0Dketone, ester{ltOBA HEWHEET 2 €1,
3-suberate> 3-acetate, 3-formate> 3-(3, 5-dinitro)-benzoate> 3-succinate> 3-cinna-
minate® EICIEHEOE T AR Sh i,

[ Group C ]: cardenolide& & D F &k (Table 6)

@58 -0HO M A 3. bufadienolidet A& ICIEMEZE T &4, @3MNrDester{biziZ ¥

%@V X H, suberateiimethylsuberated ¥ &iEHE KL,

LLEEmm—ISTERT oE N P> it



[ Group D ]: Mf7icBEENHE S L T I bufadienolide& cardenolide (Table 7)

148 -Cl1%%E 9 % B -chlorohydrinid. HEMMEHEEER L2 EM S, C/D cisthdi,
C/D transtF & D I Z2MICTEWLERERT I 050 - 1o,
[ Group E ]: a -pyroneXzfBiZi{k (Table 8)

a -pyroneRBAHHE LA ERLAHERE2FTH2HO0FUVUNSERER LI,

7. [HE—EHMHE] 0—2 L LT DRESL P EREBENEFHICEALREELR
AL, TOHKR Eschene 6, 7. 8IZ/R L7, MWEKR T, C/D cisDIFE&. 38 0033 a
0HL 0 HiEENE <. C/D trans®3F &, 3a -0HA3B8 -00L ) bFEHENEMN - 7o

8. THE—EZEHMEE 0O—D LT, kYT LoBBREYHREERIT L (Table 9,10) .
148 -0B4& @ bufalin& 148,158 -epoxy{E @ resibufogeninZE A L LT, HXMIEE (GHE)
#K$Hie EHIC, 36 -0Actk. 58 -0HEk, 168 -0HK, 168 -OActk, 3-ketoftk, 3 a -OH{E,
14, 15 -epoxyfk 5 & Fcardenolides B #HE |- L /- EHE b MRS, ETERBRLC
HERAERMETR UERE L,

S R

1). £H@EWE, MM, B EF, SHEE. #HIBE, ZHEF

[# < #bufadienolided H§ 3 & b I JF ¥ H 6 40 BSPLC/PRF /51 %f 9 B B B i ¥
HE{F¥LE6 5 EETFEL, FHEPHEDT, p.504, No. 2 HI 12(1993).

2). BWEH, MMXT). R EFE. B)IEE, SHEF

[ # < #bufadienolided i & b b P B2 KA HEPLC/PRF/5IC 34 4 2 BB it (2) J
HALFLE6 THEBELS, HEFPHED, p. 848, No. 2 EI 16(1994).

9). Siichiro Yoshida, Yoshiaki Kamano and Takeshi Sakai, Chem. Pharm. Bull., 24(8)
1714-1717(1976).

4). Yoshiaki Kamano, Norio Satoh, Hiroshi Nakayoshi, George R. Pettit and Cecil R.
Smith, Chem. Pharm. Bull., 36(1)326-332(1988).

5). BAFIE, B2 B, SHRE, BESE, SUOHFAEZLBERAIXBALAHEESR.
P. 79« 1998



