AT HZIFOMNERTE 1 NIZET 558

S&g: jpn

HhRE
~EH:2017-10-05
*F—7— K (Ja):
*—7— K (En):
YER

A—=ILT7 KL R:
=R

http://hdl.handle.net/2297/16250




K % BT ®
£ # A H

& E PN T

¥ 4 o & H Bt ()
¥ L RE B BZ%185%

RRB5ORM  FRIFIALH
FPUBREORHE gL (EARRAIE4REIR)

2HEBSOEE AAEFHIINFOBELMERT O RICBET D%

RXEEZER ( £ & ) BH #R
( Bl & ) KH BA K BH KB R, ®KE &%

FUNRBXER

Summary Sixteen novel and fifteen previously described bufadienolides and bufadienolide
derivatives were identified in the organs and tissues of Bufo marinus (L) SCHNEIDER. The
purification was performed by reversed-phased HPLCs, and the structures were determined by
NMR and mass spectrometry. A novel form of bufadienolide conjugate, fatty acid esters, were
found in toad ovary. Novel glucuronyl bufadienolides which are first naturally occurring were
isolated from the bile. Bufadienolide-3-sulfate and bufotoxin were identified in the plasma. In
addition, two novel compounds named marinosin and marinoic acid were identified in the skin.
Marinosin and marinoic acid differed from typical bufadienolides in having its B ring in a boat,
rather than chair, form, and in that its C and D rings, respectively. A novel bufotoxin and a
bufotoxin homolog were obtained from parotid gland.

The inhibition of Na',K*-ATPase enzymatic activity, and of [*’H]ouabain binding activity were
tested. Bufadienolides fatty acid esters were potent same as bufogenin; marinosin and marinoic acid
were less potent; and glucuronyl bufadienolides were very weak inhibitors. When the abilities of
bufadienolides and of ouabain to induce apoptosis were studied, there appeared to be a correlation
between the ability to induce apoptosis and Na*, K'-ATPase inhibitory activity.

These finding may be useful for the identification of a physiological role of bufadienolides in the

toad, Bufo marinus, as well as to develop the new drug.

XAV (F2) IHEEERBEL X ATV (Bufo) HICE L, ##REICECERL TS,
ZOETBEUEERILICOSWHIL, BEEL YV ELTEH(LALROLFMRELLTAVLGRT
WA FRICEVWTYEOESHRIERICIT b, BETTCUEBL4DRBRLEATOAL FTH 5
TPV )RS EE - BERESLL. LAL, ThALOHRIIVTRIE TR KER

(EH) »50MBWENRELLIDOTHY MORBEICBFE2T 7771/ FOFERT
BLTIE BHEODWTETFORESMEAONTVAIBE THo . ¥4, 7779/ FD
EF A IVERICBTAEBRNEIE —RODPELARCHHBRERLELALONLTVELOD,
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FMIEZBEL2IEAT R, BRI, ZOEERBHRCBLTO RADT I TH S,

7777/ ) FOZBICHh2EBEROFTH, EEZDORIFIYRAOZTHEBHED M
CERTHA. DF VARV TX L VKRB ENDIESORLERE (AVFT/UF) 285
LB, DALOBEREEL L TRBEZINLTWS,. 77772/ )F, ANVF/VF wFhoW
GAER S Na’, K'-ATPase ¥ M LEATAEELOLN, TOHBE LT Na', K'-ATPase %
EMXIERBEEAND [PHlouabain binding M BEBIA VLA TV S, LA L, 20 9 L
R FRBOR SR ENERER 2 ECOMBREZAL, HILVHELEOHRESYEIA TV S,

B, RE® 7779/ ) FTHAH bufalin 2%, ¢ FEHIMFEREFERYIIHIE, 7R b=
AFEBTH2L00 PEFMBICIIEELS X 2VEOREN 2SN, FLOBLEREEL L
THEROEBEZROTVS. Lol B ERELXET IO T AT = R REAR VS V
F/UFOEFNRICHTA2HRIEITFTCRR2L, ThoDETELARTHEIER, LV ERF VI Y
VOBVCEEROHRBIZIOLRXE2bDE LTHFEEINRAS.

DEoHmRY &I, FER 77792/ VRO H VB 5 £ BOBE, £0REHO
B, SOUHLVERLCERVBCEREEOHMRBELRBOERN L LTUTOMRLTo 7. B
RRHBRELTHSCIDHVWLORT WAL F v F H I )V [Bufo marinus (L.) SCHNEIDER| 2B D) &
T RERPOBRESNTVEIETR, ERBROATR2 L, B8, BHRULBICBITSLA T 77V <
JYVFRHIVIEZONBPEREOFEETEHEL:. ¥EAV B2t HBHR o YOV R
HED 300 nm ORNEHZICHEAR HPLC 2FFELCHBEL, £ NMR MSOF —% % &
KELOLOBEBNEZT-7. TORER BRRVOBCIBT A 77772 Y FOFELZDD
THOLPITHEHIC, 16 HOFHRNEAWESUF 3L BO T 7702 FORE, HER
EWBRY L7 (Fig. 1). 72, #05 D Na*, K*-ATPase HEEM, [*Hlouabain binding FEE
HOBMELITY, HEESHEBICRIE ML, S5, 7RV AFEEBEDVTHHRF
LA MR 2B/

1. PO Tr77Ix /9 F

BEPLET FF 12807772/ F (1,3-9,15,16, 22, 24) THE L, £hb
"OFT TR = 3 [11a,19-dihydroxytelocinobufagin (1), 1la,19-dihydroxymarinobufagin (15),
11a-hydroxymarinobufagin (1 6) |, FREF B AR 77 7 V. / U ¥ 3 # [11a,19-dihydroxytelocinobufagin-
3-(12-hydroxydodecanoic acid) ester (7), 1la,19-dihydroxytelocinobufagin-3-(14-hydroxy-7(Z }-tetradecenoic acid)
ester (8), 1la,19-dihydroxytelocinobufagin-3-(14-hy droxytetradecanoic acid) ester (9) | D&t 6 B I FHBAL &
THhol. ETRID T 77V /) REDHNEUBON—T AT VBB IS - HER D
50, TNRBFRFICREFELT ROV ICEARBIIHERNZIDL LTEROBHR A7V
HEBEGPRVWE IR BRIVSEEROT 779/ Y FHEEE BES NI ERUER
BASEKOFELBLPEL oI EREBINS.

2. BEHdorrrvxr/y ¥
B3 FR7 V0 Y BREET 77 V2 / ) F 2 # [3-O4B-glucuronopyranosyl)-12f-
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hydroxy-3-epimarinobufagin (30), 3-O«(B-glucuronopyranosyl)-3-epimarinobufagin (31)] % Bilf, # &R E L
7. 7779 )) FORBBEAERIIOVWTIE, BHPREBT 2 FEXEOTEHELOHBENIZ S
NTWBL00, ZVWI70BOFRIEOWTRPADTTHY, 7770/ Y FEZOHEDOR
EHbFFHLIDELTERBENS.

3. m@Etroosr7 vy I F
me & ) FHEHEIIEATH 5 telocinobufagin-3-sulfate (12) LMD T 77V T/ Y F 2

Rs Ré Ry
R1 Rz Ri Rs 15 CHO0H OH H
1 CH20H OH OH H 6 CHs oH H
2 CHO OH OH H
3 CHs OH OH H 17 CHO H o H
4 CH2OH H OH H 18 CHs HoH
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s cHo W oH H 19 CHa H  CO(CH2)sCOArgOH
v 0
6 CH M OH 2 oHe 1 coEnmeoamon
3
7 CH20H OH OH CO(CH2)10CH20H (CH2)7COArg
8 CH20H OH OH CO(CH2)6CH=CH{CH2)sCH20H 22 CHa H 803"
9 CH20H OH OH CO(CH2)12CH,0H
10 CH20H OH OH CO{(CH2)sCOArgOH 0.0
11 CHs H OH CO(CH2)sCOArgoH ° | P
12 CHs H OH soOs HO,,,
13  CHs H H H
14 CHs H H  CO(CH2)sCOArgOH N
RO
Rs
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0O 23 OH H
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Fig. 1. Structures of Compounds 1- 31
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(22, 25) 2Bl RAIELZ ChOLUAKRENBETH 2 26 DHEEDHER SN-25 B+ 2
ITINREL Dok, ZOIHI, SEMOTLI NI AOMBRITT Ty ST Y FEEE
THIEZHLIZLT.

4. BEARUETBRYO T 77/ F

ETH ERICOVWTOHDTRERL, BAOT7 772/ F 128 (3—6.11, 13, 14,
18—20, 24 250 M, SRR AFICOHFHELA 28 (1, 16) YA 3 HOFH 77 = >
1la-hydroxyhellebrigenin (2), 19-oxomarinobufagin (17), 4-dehydrobufalone (29) BRI FE 7+ 3 o
11a,19-dihydroxytelocinobufotoxin (10) I USIZH ] 7 & b ¥ & 5k £ O &/ marinobufagin-3-azelaoylarginine
ester (21) T HBE MEBEREL. R, 7 F VOB I VK VBRI C,~C, & SR TW
A EECDLVDFRRENAI LT, FRIDDT~9 ORRLEEZEbY, SHRIEHR
DX HTINVERARLFET LI EERLTV S, 500, HEFEOHWEL AT % marinosin (27) &
U" marinoicadd (28) DEEIC b RI L. 27T H—B DT 77 I/ FERLIZ A/B cis, C/D
cis TiXHBH, ARIFREL, BRIF - HOTABEELAFH LTV, 28 13C/D BES I B
WTACOREFBHELTEY, 77792 Y FORBIIRBES 20 ta8ThHo7. DL S
KERDPLR(RH SN TOVAHENRLY, FRSBMTFRRUASBEIE NMR 2BET 3
SET L BELOBBH RS RS RETs2 L0k L.

5. T77Tx) ) FOEBENM

BEDIH W LTHE BERELLHR 77702/ ) FOERLDICOWT, F DHAEA% Na',
K™-ATPase, ['Hlouabain binding FREFRAEHBL LTKBKRLE . 2ORE, BB 27 L H
ERRIABTL =V EABEOERMEAEL, RO 7772/ ) Pl s RE (R
295 27T RUF28 bWMHBLLOEREETHAIELGHBLE LaL, L bHoR TS
T77IVL) FIZEX, FLAFEREOBRVS ORROAT, I-BEESEMNIEROGR &
BRETET 2D TH-o. %, 2EEEHAVIERESEZLOBRFEMI 220, FlLug
RyBons b0 L HiFEN5E. £72, bufalin (13) FRFT TR P~ AFBERICOREF M
ZMOT 77T ) FRHI VT /) FTHB ovabain bEREA R RT I LEE2Wo DI L.
SHOREDTH M- AFBEAIL, Na*, K™ ATPase HEEEA L IZIZHM T2 RVH L
7z,

BEDII X HINVDOERNIEL T 7727 ) FHESHBLTVEZ AL hERD,
BEMEELLTORATELRL, ERBBCHEIS T L2004 BERYWRE LT 77V ) F
PHERALTVEIENFEZLNS. SEABLNMRE, 77702 ) FOABNEENEN
HLEVEFLVEEGRFARO DO MRV BI O LHFEIRS.
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FURNEERRORE

BERCEBC2ADEEEZRERUBRKERLITV, UTORBMER.

AR, HLOBOERCTESE LA EOMEXBNL LT, A4 ed o romy, Bit, 5
B EERUETEREOBRORTEZREL, 16EOFRLENESLIIEOTT77Ix )/ ) Fe 8, H
FLI-bDTH3, P, HEISHHPLC, HEREGNMRP MS 28 L TiTbh/s

Rk, LI HLLOBELBAWERRZON R THZEEPETRENRE LTHIAT LY, T
ECRF I, SRTCBI2EARAOFEELHLhE L, EXHTUVBRTHL2OEBIERZRT
B LERRLEAIERS NG, 7, FREGHKALATIREGR IV 7Y/ Y P2 —T B
PHTHEELEMEELLE LA L RESNS, S5, JALDMMEAPRIERINTVST
HN— AFEEC bR AMA T, BONIHMRRBEROHMRICHBE U O FTICRELLLDY, £D
WEHHIBII-bDEVZ B,

37, BEZOWRICHT 2ER, ZORKEPLERCOVT S OEAMOERL Yt LTS i,

DE#EA, FRX2EL G CHETEHDLRDL,
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