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Contemporary Problems Relating to the Nature of Human Language

Koji FunimoTto

Kyoto University of Foreign Studies, 6, Kasame-cho, Saiin, Ukyo-ku, Kyoto 615-8558, Japan
(Received October 23, 2008)

In this paper we will reconsider, by looking at the 50-year history of Generative Syntax, some important problems

relating to the nature of human language. As is often the case with other natural sciences, linguistic theories too must

be able to stand up to empirical evidence from areas other than linguistics itself. Hence, we must pay more attention to

the study of language and mind.

Key words——merge; legibility; the origin and evolution of language
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AN EEOMENETO NGB Z 55 LT %
ROt L 725 C LICfiEWVIE RV, Tid, AR

BclF ED KD TG & L TORREMED
MHENTNT, EDOKI%EAEERT S a—F )
FHETBTHAS M. SEZDL DDORRER
3, BEBATHS [EK) LZ2OBEIEATSH
% &l ZLTZOmMEZRIENL LTOE
N, DFEOE Wk H5. UNSEEF L3,
—fRIC T O TEk], &1, T35 ZH NS
MR EHZL, ThzI7umicimd s, —
Ji, SraihENE, ARTEEHICHEICNBET ST &
N5, ANEOOHERHEEE), H5 0, SVERE
HE X ENDIGHL EFEOMIEHRICANS TX
Sl OfFELBHT IR,

L LENS, EOXS3 7 Tu—Fze->7T
SR Z1TE 5 & L AN ERITIT RN 7%
WEIIIZES. BELRLE, WINOMIEEE (%
N, SEOERHCLEHAIMTENEDRRWVAY)

KBWTE, NHOSHEORMEHRETE L
THHEMHT.

ZTOHICRLERYZIEIEF, WIXTEREL
W5 CTd 5 AN (HIR) SEENOTEREOVSE]
WTHD. R, TOBSEHNENERFATEEF
R ZNEICEIER L, BHANET 22 EMRDS
ns.

HREEY, FICHRmSHE 22T 0E T2 HR
SmEHRREOEME LTEDL X, RENT T
O—FIC K> THASHEDOAHZIHSMI L LS
L3570 I LT, tMoPRRF L
Bk, NS ORRENTHANKR 2B 1 R
JRRNDOFRAMNER TN TV S.

=L FaLAF—ICEoTIRBEEIN T4
BOCEMER) &£z, INEEFOPKIRETH
25 1 REFEERICHT B REOMIRSS, i
RTINS 3813 2 slilb I BIRIAR D5l & Z DIAR 2
ATREICE LTV 3 R R oD 3 RIS A [ hd 722 7
WTET.

ARETWE, ERCOERERZITIC, WL RS
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ff, BROEEOBIR D S HIASAEDOMTILEZ
REL, SEMRICBT a2 M & Rl
ICDWTORMEZIGEY % & LB, FiEIED
JERATRIE 5 6 T P SRR A BT %5 HINRRE
R IR RB ORI REM 2R L TV E T2,

1: &G EE

ANHEFRICR O NS RGHG TREEELL D
W, Wi (displacement) HHETH A 5. TN,
BIZIE, BBENRICKRZZ—7 v bal, #is
BHITHZBICBEITAHEGICULTOXS &F
T 5.

TypeA Bla] ...... Vo, alt]
TypeB  aft] ...... Vo Bla]
Type C [aB] ...... Voot e, [P/a]

Type A D, SEOXRBERIEICHBWNT, Ml
DEFED, LML > TWVWd T & &R
LTWa. LT, Type BIZBWTIX, #=BH/LE
MHEEHMNKEI 2T EZ2/RLTWS. Type Cli,
a MRN—ZODONMEIC, M aDMEICEEEI N
TWAZ EZRLTNA.

WINDO 2 A TOHEE, 2 BEEMORFTED
RALE NI D FEEARAZMEE, [a L B
IZ, TS0 2 BRZBHRAT 28850 y BEEL,
Mo, ylkaFXizld, BOEMLTFHTIEE
THo>TIVWIFEWV] L0552 L THS.

HARIICIX, Type A BX U Type BiX, IRAES
PR HEIME L L TIRA HEDO X S 55 iE
IZ, —77, Type B3, B4 SaEvRez BifikgdE &
I BHHAGED X S5 SREICHEICHNS.

Type A: Who do you like ? / Tom was kissed by Mary.
Plo] Blal

Type B: I sent to him the book he had wanted for
Plol

a long time.
Blal
Type C: Watashi-ga taro-wo sukida. /

a p

Taro-wo watashi-ga sukida.
p a
ERCCETIE, TS DEBROREEBB X7
1
PUMICRgRBaI gt & UTHUE LTz,

1) iz # & PH I B 9 % M & (Condition for
Subjacency )
FaMBICEER TS5 6, ak BRICKESE N
MMAES 856, RIEIRE L)
i) *;[Who] do you think that [a] will love the hero?

2) Wn ¥ ¥ 41 B3 9 % Bl & (Condition for
Governments)

Fa W BICHER T 556, MERNLZICED
Mo b, 2 BHAEMOBRZIRET 2 72D DR
MHNCEED BN B 56, RBIEAEETH %

) [Who] do you think that the hero will love [o]?

1), 2) EBICHFEDOHTHSH, 1)ICDNT
&, HDAHHO—HTH % that HBFEED faA &
LT, 3 who ICTId 2 2 Lh SR
AfREL R B, WLT, 2) BV TiE, [EITC< who
I that W T RICENNDET, HEEBIEATRET
HBHTEMRREING. ThbEx 2 KoTic KR
L33 FDOLSICKRS.

1)/ 2) /N 3) "\« barrier
B/ B N B 9O
VAN v /" \\¢ barrier /\
v ./ \¢ barrier
o o}

o o) a

1. TTCORAIRMIE, [TRHEOSEM], THHR] OBERIHED R,
DWTIE, Chomsky(1981) ZBED T L.

ZTNHARDEZRZRA L TWIRV. TS DREGER L FIC
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C CICBISENZIEFMER, ERERTDH
% a OthiE L BEFENSH 5. BAMICES &, 1)
L2 ML THET % L, 2) DR, ad
MR 2 (AL 2 EIE L LT 6 DIFEMNHRE I N
%. SO, 1. MOTERTHBT L&, 2.4
OFEMNCFET S T &, 3. 8w iEsEk
ZROT L, DT ENS. TN OEEEEN,
a DRNDIEBZHEFET 2yl Xd 3050
D fERE (barrier)2 IZizo>TWasEEZLNS. &
LZHTHNE, TOXI %S DIFENERE
NZEETHNIZE, aBXUBHITOERIL 3)
WORENDXDICHAGRLD LRSS, HFRIC, T
OFMOIEY X, TYPE C ODHAGEICH SN S
N EEFBIG (scrambling) I X > THFHE 1 5.

GB B & P N 2 A2 i C DR BIGI T
T B fEMTHR 3 K CEE R ORI, U ED XS
BENTE. LM LEND, T TITERMR
DOREEMENREIN TV ZRUE, BEE
NI EENERRIC, ZOMEICBV TR
WEOBEWE UTREL, BB EDBfRIcE
W ENTECIicH 5. DFD, GBH
FCOT Tu—F T, IBEZRMIT, 8%,
RN EZBELTLE I DO E NS RICER S
TEMTERL.

e, BMBZOEDICELTE, BROSH
NG Z RO DD, HEWVIE, SEOXAT
&5, NOMEZZEFTLAEVnonen
IENICEBFA DN T WM Tz

TNSDOREMICOVT, HFEDOIZIVU X
ke 7 a—F1F, a¥—HHEEEN S ER
ZMIEEREVRIEZREL TS, HBOH
3HITIE, TOIE—HERZMAEL, HBICH
95 R B MR S RRE 2R LT,

2 UBRHDH DRE+SFE

MREIC RS9, SREDMBYIE & LB

BTG, TORMKOERNEALE, 2 DL
THhaHTLEHETHS. HASHED, HHlisE
BRUEETFRE UTHERMNICREE SNE K
B X 2DTHELEDNS. UEDIE, K
KW THO, LS50 LDFTNZAHELT 2
HACHA. IEREICIE, B2 RZENICE
JERELAEU DI BMERTHS. TIHHEXT,
S LB, BERNIC 2 DOERM (DH) M7
ELTEINETTHS.

| BE K

Logical Form < Phonetic Form

CEBRFRF) AR

LA LHRSHEORD, EHARROEM S #&
2%, TO—R—FISOMBEEDOHTIE, R
RPN RRDEC 5. HBHED, G
ZRIZELLTHWLN, XEAOENEUZE
TEKEHETDFTHOENAIRETIE, AR
WD B D SAT ISR - ERIZEL -
DIFAETIEIR L TH 13750, ARSEEORHIE,
ZFD &S HHMEHETOXICK B RIGEHZT| &
BT TDOTIERL, EHEEEDRABROHIEE
IR T 2 T ZEA T LICHS.

Bl Z 1 E = BEEmvE (A=B, B=C, .. A=C)IcH BN
%&957%, RAGHENHEGEHEE A\MSHEOR
R ZE Z % L TRYNCEZ->TL %, 9595
&, HIC 2 DOBERZNE, MEIE572000
HTIE, AT Ths T ENEGICHNEINS.
o T RO XS HHEEREIXE S TH A S M.

4) 5)
L3:B F1:{A=B}
N le<?
L2:A B F2:{B=C}
N
L1: B C

2. TTTO [FEEE (barrier) ) (&, Chomsky (1986) THEIN TV AEE L IZRRS.
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4) &, ERICHE=BGERED K 5 HRAGTED L
H & ENB5E ONPRKEE %2 fied T HLAGC XA L
L7z DTH5. 5)1%, BFEME (WA Kid
HETH2BM, oS, BREOME LTRA
HEITZD, 7+4—Za P17+ —ZaT
2 OHBERfR, FETDEMMREEE sV, —/'T,
4) 1%, BEXU COUDEE 2 HIMTOWET
BRGNS, BIZIEBIC CZNE, BHh5 CEZEE
95T EENREICT .

EHIC3-2=1LWVIEHEMEICBNT, Al
DEZWIRERTz2-31F, -1¢%EZ->TLESC
END,X-Y=Z2ILBWTXMFHELDEAL TS
TVWBTENghD. DFD, X &Y ORRAE
X, EX-oTHEDL, XEYDANEZIX, FAlhHE
HHVE, FOFARICEZ->TLES T &I
L7z, i, 3LGEIROLBALETCTHS.

6) aa2-3+1=0
b.3-2+1=2 c¢f3-(2+1)=0

DXL, R, BBRLEL2E0DRETHD,
DIHIFEEENELS TR ASRNENS T LT
HB. INEAHEHNZSHEER R - ) I

BEHA TELRROBERD, #HEEIN5.

7) a. John + kissed + Mary = John kissed Mary (It
is not Mary but John who kissed not John but
Mary.) (X kissed Y: X = John, Y = Mary)

b. Mary + kissed + John = Mary kissed John (It
is not John but Mary who kissed not Mary but
John.) (Y kissed X : X = John, Y = Mary)

EHIC, X(2)-Y () =Z (-1) OFVEHRARZ (/1
$2HDRENDORMEZSL 5D UL ATHE

>

D.

8) alk, IEOHRMZF - 2HME, BT 21U T,
BOEN R 7 -3 Z/e nE) Lzt
DTH5. Zhckb 8 alx 12-3) &HUHF

BRRZEFOC IR, HOmHER, mEsv
SH—DHFOFHEICKX>TEEIHINBZ N
AJREIC/R . T TCHEHINREZWE, 28 -3&0D
EFZ RN & THS (cf. 8) b). DXL, 7
BT, X+£Y=Z WS HOGEIEZM S [
IR METRD ) &, EFZRDEN @X) + (=Y) =
ZIHMETE (RLE, /G ) DMFET 2 2 &icin 5
4) [3HEOREICHY T 5.

8) a. 2+ (-3)=-1
b. -3+ (+2) =~
c. ((3)+(-2)=-5

SHESTEINERUTL, FBIENEBOMR
ELTHRKT ZMEHR (LOER) IEWZETZ5
EHRVWEDNDH L. EHITNEE, FHREHICHES
I (FEE, HWEE M, ZhZThiniLTHS
TXH T OBRERNEZ /R348 2 B O THEfE
SHETWVWBZETHS.

9) a. Watashi-ga kare-wo sukida.

b. Kare-wo watashi-ga sukida.

R, A+B+C=DDFHERICBNT, ADX
IZBA, H2WVIiE, BODORIC CHRZRMEND
BEBEICODVTEARINEEERWV. Thbb,
SEEE EORFRO I Ay FRELEEYS % AT
TEZEZINL, H28) o lciEaiEn L,
F Rl OB BICEHEMNHWEEE LT d
BiCEhhbbd, ZOMIFFINENE H>HRE
ZHHTE R,

10) a. I go to school.
b. Iread a book
c. *1Iread to school.

d. *1go abook.

ZOEBOVEODMREL LT, £A55b
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ONaBXT, BAMIHREE L TXFTEH
73 —ZERANHTET S L TH 5.

11) a. a+X
b. p+Y

EHIC, ah, FOEZERT ZHE (I
BUI3FEEOLSEED), ald Mifikgo X
& ERE (2) OXBIEREMNICITZ 2 5N
BA5%0. TORICBVWTE, BT 4) T
FERGEDOFIMIEREV. DFD, aldZ O/
b, XBXUY LOBFRZS %, 2 XL TRL,
a £X, alYOMEZHRT B2 TIEERL,
a T Lz X &Y OB%RE 2 RN T/RY
TEeMNARELZ>TWVA. T, a, X, YZ
iFMEE L UTHS X0 &5z EH T 5 555
OFHEDFIICENITH . DT &% GB Hiim
T, MEEKEME (constituent-command) & L
TRL, TNThOMMES KT, HiREE
Z HIRE R OR DB RS O BBt D U &
DELUT, fkEEHA X N—#t e UTHE
L7z

RETTIE, N5 DZYME L BERIRIRTEIC
DNTHGETT 5.

12) XP (WD)
AN
fREA X
AN
X
(TEEB - AR

3 : SEAE LR

il 5 s r D HIF I RRIMNEE, AHSEE
cHtE g 2 B R ANA R ORLR D TER &,

ZHUCHES FICHERR 2L E UTcRk4 12 558
BHEAORENFIATH 5. UL, BRI
MWARER 2T ThNE, EOFMFEAMARDOFER

FiE RE7E. mEES, REARNEIADNEE
ARECH B HAZBEL ENHZVDNLTH 5.

AR, BEMEZRafpiR e UTHR
Y B, HIANIORICENT, ZOMIEs
DAKFFORERAZICONWTEZ E NIFT T &
i<, AR RS & Y EREIc Bz N D
NTLESERMELH 5.

K, EmAD GB Mam & MHEN 5 ERCGEIC &
2770—FE oMb L. HlAE, Jic
R7IEE & W S BEX ARG 2 BUE 9 % X N—H
MMTNTH . HARPECBO TR ARYIAC
X, IERDIGETH . B SE, FHCEK
HERIE, TOWRNSRZ HARSEICBIS S N5
NHSIHESRZYT, ZhzT7—2 & LTHW,
RtZ3L T, FHZIT>TE. TTIKERER
M 3DH 5.

UEDlE, T—2OEEETHD. DFD, 4
T —ADNAEICEHEHSZ LIk LIz ONE
IMENSTLTHB. SibT —XDEHMER,
(REHEGE) 5 afahE OSGETE P AR IEICH 2 & D
BV, i, T, IEREREEEEICIE T — X
DZYEMHMWT LICS L, o feT —4H 20
X, BEDRWT—ZDRH%Z il U TR &L T
ZIEBEND 5.

STeDHIC, ZDRFMORBGEETENETENS.
BT — X AT 7D T HNTARGEOM
AEFEED, MUK FRET—2TH3L0I 85
Ry 7 ATH%. DFb, oaRRE, flzE
YiepsgcOESJOFENS, YEOE T GRE, N
) LW TeEE 3 HIMGEEEDMFES B DI L
T, PGS BRI Z DMERE AR FEDME(E LR
»

ZLUTHRIRIC, ST —2Z#HT2ICELT

3. XD EEICIE, BEMPEING EET 2RSS, 2720, THUIREKD s(emantic) seleciton DX S 2 ED LIRSS, features &

BHINRNETHLLEXD.
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DABERIHDORSARTH 5. N i) D%
UEORR ST, ZTOHGHMN S B OMZIE 2
T, ML LU TOANHDORHEZFAT 5D FFEIC
B9 % AR AR B MY L OBESIC RoEIC A8
TEMEVIHTHS.

TTT, 5, HASHECBIZ0H LN
ol () DIFRICOVWTEEDTHES.

13) DB HRICDOWNTIE, oD BICHERT
56, TOEELERD y N> TEHIT RN
HBHNE, TOaDIEBZRET Sy DFIEL
BINIESENT &R LTV, —/7, 14) 13,
y WXBIOY 2> THEEZKRT & X, yI,
XH2WIEY EHSDOEFROAELT, XL YD
BMRBIRRET B T L AR LTWV5.

TCTT, BEX, YrRra L TRAETHA,
W& DHEED D TR LTV DE T gk <.
Z T T, COMEDHIEZ RS 5 HmDiRd: (4
) HiEzBEATHD T EICT S.

flRic, 12) TR S Gtz 5 &,
MRETHZa®p, HH2VIFXRYIEZENH
HTE, MEZERT 51075 <, S3MGEE
THTL—LZRDICHELT B LICIES. )R
ICE L, TNHOMEERNKED, TONICKH
WaHKERE, WMET5D0FEREEFDETEEH
X, BEET 2T L, MRED TElE (Merge)
DHTHB. DFD, yBzZMEIRIEGS,
HWTHANGRWREZRDHE, 2 OREI
U, MBREDNEET L, Bl aiE 6
L UCHATENS C LItk 3.

IHIC, FileaEmsicx LT, @azlT

IBRICIE, aZMESEZFIRE, B 2—77

FTHBSDMIMHKTHDyDHBNIE B2
2=y MG S ETEME LoZRITET 5
TV, 2L, BHAZVEFYFDOEDESMD
WROMTELESDOMEZHEIRTLESD
THFENRV. 29958, WENsnReMtid,
B BBHNEy DAC—EEDIEEL

AR C O 7 a—F Tl, el Bz 8Em LA
E LT DEEF) 0o RERGHERZEE Uk
7%, Fiz, XN—BGEmCTHIZ 32 7o 385
DA (1) EE-oA7dV =g B8
ELRHEE LRV, DD, @iad 5 2 BEIRICxH
L TORIREMN%EL< 750, FIROBHENERENS.
CORMREIZ, £8BbAA, HEHRAZEIICTEET
B XD ENE I,

COFRBICH T ZEMEEER, H2H TR 8)
O FMEHE) L LTEENOFERENE LT
REEE NS 5. e, MkEZHEL, B2
BT 25GEICKT oz, NG ZHRT S 2 &
DTEZVIENREE Merge) DREGEHLRIEM
(Extension Condition) I X > CaHANAIREE 72 5.
rerel, #METRR, HoEHIEZR DRV &
Mo, SMlcBVWTELRBIEZRDELZD LD
BIEE GA TS L L HETEH S,

HRORY S TR ARG LR, D
MEE ) k27 a—F0, MERED7 7a—
FICEHART, FHHNZYEZEDICMA T, 5k
A E LA O O FRAIE BB B IC HEL T 510y
o TRERIVEZR > TWVENhENS T ETH
5.

MAICKB 7 Ta—F1F, DL EESERE
I BT B BRI & SR 2 9 B IERIC Y
VIV, SCFIBRIC B Bt E AR 2R T %
flih s AT L2 WS %.

4. Merge IZ & % agreement DREIEIE, fiERTD Spec-Head BIGDEKICES AV ED LT 3. K DL agreement & RS BBEDH, Ft
78 Spec (IEAND & | M B E#2 5. L <, Fujimoto (2005) ZBIEDC &.

5. Chomsky (1995) Z&DC &.

6. CTOREICDWT, Chomsky (&, FHllEIE PF THULY ZRIEZE LTV 3.

Vol.3 (2009)
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TN, SEICEbDB, HEVIEFHEDOAIC
B0 2 Kk 7% > A 7 I (Computation for Human
Language) Z2M3. L THIESEBICLTE, £0D
HARGED, S ULHMBEDLSRVDTHN
X, EHREAR & UTIRIERICa X FOFELA
RFERV AT LTHEEVAS. VWDAR, T0
VAT LMD Y AT L EF CRETE K D TH
Nz, 25507 7a—FHRE0FELY, HB
W FaE TH2HMIEHDOHE TH 5.

REITE T OFBICOWVTE S D U THk
AN

4: SEOEREELDRERELS

Fa LAF—1E, ANBEOSFEOHFROES, H
WEDEDDIENR, LT, ZOMH%ZSEZ
DFEICHEE, FHCHTHE 2 DS e U TRt
Liz. LAL, ZNHICIMAT, BRSERAD
LR B0lE, SHOELTHSESICES. D
F0, HADFHENVSTENED K S Izt
TBHEDRICKBICE ST EVS N TH 5.

B % SREDER T E>M O FFE L DRID D
UDOE 2 LBFICBO TS T LI RATHETR
<, R, BHREHEAL, TOFEER-> TV,
UL LZEDS, BEhZl>7RIichsE01E, ®
X0, SREOFELEFEOMETH .

SEEEE ARBIZO - ERZ 5551, C
ORTEIZMD THAZED LIRS, ¥ 5IE,
9, MAENGLE2BH7T2T—XZDEDON
2L, FIRICZOX > HREDER-EL, Wik
VLTI & TAT, MEEDYIRR AT I AN AT
HETHEHINLTHS.

CONHDHEIICE D 2 FREDERIRICH T S
IRE, s 258 LT LY — (J.J. Rousseau) X —
7 ¢ (CR. Darwin) HICX>TEMLEOLNTE
Fo. Fi, WS (1994) FSREORIFICEIT S
RO K S EEH, a2 LT,

« 77Vt (bow-wow theory)

HAROYERHYOREH2H L2 ki
Ko THRAELRETZHEE (F) i #is (H)
MHAEUTREN D 5 DIIHEMNIEN, TORIID
THTHHO, BRFICEMEZ L TRVWEYE
Riids. InszZXKIEPEER, BEdke
NEORMMD SFE LT LIdFEZ S NEW.

« A + 7 Vi (pooh-pooh theory)

BRI E ORMO PRI, EE S & ORI
HICK > THRICHEE SNICHENFEEDORRT
bd LI BMKGEEH. COXIBFEEILEDSF
ICLROBNED, TOHIIZ TV, B
ICHT ZE, Sy nzoiisnics
CIFEMNICHES.

- U Y Vit (ding-dong theory)

TRTOEYNIEADOEEZNE L TNT, A
IS S DR 22T 5 &, EHBICHHAD
HYMONKT 2 BB Z KM LUIFRZHRL, C
NMNSHBORKETH S &3 2 KEIH. SR
(sound symbolism) HJEZWEEHEN, FiElC
FZEDEXSITEENFERT 5D, SHEEELRH
RIFTHDIL> TWVE DT TREAEW.

+ KWWT 5 L &# (yo-he-ho theory)

ANEZEE > THBZT B L&, HIFFEENDT
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On the Possibility of “an Ethics of Gender Equality”
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This article examines the possibility that ethics can discuss “gender” and that there can be an “ethics of gender”
relating to gender equality. Up till now, gender studies and feminism studies have concentrated on problems such as
“sex” and “love.” However, these problems have seldom been examined from the point of view of ethics. Various
reasons have been advanced to explain why “gender” up till now has been left behind by ethics without being
discussed. The conclusion is that problem recognition should be shared by all genders and we can learn from gender

studies in order to build an “ethics of gender.”

Key words——ethics; gender equality; feminism
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Coaching for Beginners in Water Polo 2
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The sport of water polo includes the different important movement components of swimming, jumping and throwing.
Body contact is also allowed. Water polo matches are so strenuous that water polo is sometimes called “martial arts
in the water.” The ball can be handled with one hand and points are scored by a variety of shooting techniques. Ball
sports flourish in Europe where water polo matches rank among the most popular sporting events. Water polo is well-
established among the people of Hungary where it is the national sport. European water polo players are imaginative
and flexible. Why does Europe turn out these players in such numbers? It is probably the difference in coaching
techniques while the players are still at the junior stage. In Japan there is a tendency to control players, emphasizing
words such as “basics” and “tactics,” whereas European players are coached from an early age in such a way as not
to spoil opportunities for them to move and think for themselves. This is no doubt where the important difference
lies. There is a wide range of training techniques. I hope to see the emergence of more coaches who train players by
encouraging originality and flexibility.

Key words——coaching for beginners; footwork; defense; pass; shooting
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Synthetic Study of 4-Aza-4-deoxypodophyllotoxins
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The diastereoselective Michael addition of aryllithium to novel quinolines bearing oxazolines as chiral auxiliary

was examined for the possible synthesis of the chiral antitumor compound 4-aza-4-deoxypodophyllotoxin (PDX).

Unfortunately, most of our trials resulted affording undesired product formed by oxazoline ring opening with

aromatization of C-ring in the 4-aza-4-deoxyPDX skeleton. Only successfully obtained Michael adduct, which had

a methyl group at C-3, was also aromatized to 4-aza-1,2,3,4-tetradehydro-4-deoxyPDX during transformation to the

target molecule.

Key words——synthesis; antitumor; 4-aza-4-deoxypodophyllotoxin; chiral oxazoline; aromatization

INTRODUCTION

Because of their strong antifungal or anticancer activity,
a number of studies on the isolation or synthesis of
lignans, which are compounds consisting of two
phenylpropanoid molecules, have been conductedl.JWe
have been engaged in the isolation and synthesis of
cytotoxic lignans from Okinawan Hernandia ovigera L.
since 19767._15

The most popular lignan is podophyllotoxin (PDX)
(1), the major compound in Podophyllum sp. However,
PDX 1 could not be used as a drug because of its
excessive toxicity.1 After natural PDX was chemically
modified, it was developed into clinical anticancer
drugs etoposide (2) and teniposide (3), as shown in

16,17
Fig. 1. Interestingly, the anticancer activity of 2 and

3 is due to DNA topoisomerase II inhibition, whereas
the cytotoxicity of mother compound 1 is effected
by inhibiting tubulin formation. Another promising
candidate for phase II clinical trial is GL-331 (4])8.
Clearly, the synthesis of PDX analogues is important for
new drug discovery. Recent synthetic targets receiving
great attention are azapodophyllotoxins (azaPDXs)
(5-7) since of the potential as new anticancer drug
candidatesl?JSCompound 5 had almost same cytotoxicity
against P388 leukemia cells as 13.0And compound 6 was
elucidated to be extremely cytotoxic on various tumor
cell lines by inhibition of microtubule assembly like 13.5
Therefore we are also interested in the chiral synthesis
of az:axpodophyllotoxinsz.9

In 1999, Takeya and co-workers reported the
successful synthesis of chiral 4-aza-4-deoxypodophyllo-

*e-mail: usami@gly.oups.ac.jp

This paper was written on the occasion of the retirement of the first author, Professor Masao Arimoto, from Osaka University of Pharmaceutical

Sciences.
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Our early attempt at the Michael addition of
phenyllithium to 12a gave not the desired imine-type
product but enamine, as observed in the '"H-NMR
spectrum of the crude product. The enamine was

so unstable that it aromatized easily into 13 during

NO2 1) FesogHp.cHCl 0O NH
< TNROH <o cHo

purification by silica gel column chromatography or
exposure to air, as illustrated in Chart 2. The 'H-NMR
spectrum of crude enamine had two broad signals
around 5.14 ppm corresponding to two H-1 protons of

the diastereomers.

o

COOEt

piperidine
76 % 9
Rz
HoN
o N o N 7 \]/LOH
( T R KOH or NaOH/H,0 % X R
kbl R
o =
coo8 COOH PhyP*C ClyHCI
10a: R = H (93 %) o
10b: R = OfBu (85 %) 11a:R=H (35 %)

NBS|  1pc: R =08Bn (91 %),

11b: R = OfBu (82 %)

4-aza-2,3-didehydro-4-
deoxypodophyllotoxin 6

4-aza-4-deoxypodophyilotoxin 5

Fig. 1. Structures of podophyllotoxin and analogues

4-aza-1,2,3 4-tetradehydro-
4-deoxypodophyllotoxin 7

R 11c: R=0OBn (90 %)
10d: R = Br (83 %)
A\ OHL, fg6 R = O-allyi

11d: R = O-ally! (56 % in 2 steps from 10d)

toxin (4-aza-4-deoxyPDX 5) using natural 1 as the
starting material?OOther reports of 4-aza-4-deoxyPDX
synthesis, including 5-7, are racemate synthesis or
synthesis of compounds without a stereogenic centelf.h35
Then, we attempted to perform the chiral synthesis of
4-aza-4-deoxyPDXs 5 or 6 using the classic Meyer
method36and oxazolines derived from amino acids
as chiral auxiliary. Herein we report our synthetic
study for chiral 4-azaPDXs and also show that the
aromatization significantly stabilized the resultant

molecules.

RESULTS AND DISCUSSION

Our synthetic approach to chiral 4-azaPDX followed

Meyers’ successful asymmetric total synthesis of 1
36

in 1988 using diastereoselective Michael addition to

naphthalene derivatives with oxazolines as the chiral
auxiliary. The introduction of 4-nitrogen to C-ring
seemed very attractive as it might allow many chemical
modifications, such as N-alkylation or N-acylation.

The synthesis of novel chiral quinolines is
illustrated in Chart 1. Commercially available
6-nitropiperonal (8) was reduced to 6-aminopiperonal
(9) by adding aqueous ammonia with catalytic
ferrious sulfate and c-hydrochloric acid with vigorous
agitation at 90"C3.7 Amine 9 was reacted with
[-ketoesters via Friedldnder synthesism:o afford ethyl
quinolinecarboxylates (10), and these were hydrolyzed
to quinolinecarboxylic acids (11). Chiral amino
alcohols prepared from amino acids were condensed

40
with prepared 11 under Vorbriiggen conditions to yield

desired chiral oxazolines (12).

HN\('\OH

R,

O Ny R <O N\ R
<o Z g0 Ro o 2 & R>
e

<0 N\ R
—_—
o 7 | Q

N\z— R
Ry R4
. 12a: R = H, Ry = CH,OMe, R, = H (47 %)
12b: R = OBy, Ry = CH;0Me, R, = H (62 %)
12¢: R = OBn, Ry = CH,0Me, Ry = H (49 %)

12d: R = O-allyl, Ry = CH,0Me, R, = H (48 %)
12¢: R = OfBu, Ry = CH,OMe, R, = Me (53 %)

/O\"P'Ph;,

Chart 1. Synthesis of chiral oxazoline-quinolines via Friedléiinder's method

o Ny
< aryllithium
e} = | o

12a

diastereomer mixture of enamines

13a: R =H (29 %)
13b: R = OMe (5 %)

Chart 2. Michael addition without CICOOMe
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Then, we attempted to trap electrons on the nitrogen
atom neighboring the piperonyl ring by adding methyl
chloroformate in order to inhibit aromatization. The
results are summarized in Chart 3 and Table 1. As seen

in entry 1, Michael adduct 14, which was a mixture of

N
<°<IKR CICOOMe
v
(o] ] MeO
| Ry €
N
MeO Li
OMe

MeO

12a;R=H,Ry=H

12b; R =0'Bu, R; =

12¢; R= OCH,Ph,R; =H
12d; R =Oallyl, Ry =H
12e; R = O'Bu, Ry = Me

Chart 3. Michael addition with CICOOMe

14 diastereomeric mixture

inseparable diastereomers in the ratio of 78:22 as shown
by NMR analysis and whose relative stereochemistry
could not be determined, was obtained only when R = H.

But all other trials gave complex mixtures. Most of

materials were lost in purification process. Structures

o) N\ R OMe
< O — ov( _,COOMe
O Y N
S
MeO

OMe OMe

15b; R=0'Bu, R, =H
15¢; R = OCH,Ph, Ry =H
15d; R = Oallyl, R, =H
15¢; R = O'By, R; = Me

OMe

Table 1. Michael addition of aryllithium with CICOOMe

entry  substrate product yield, %
1 12a 14a.b (78:22) 71 (combined)
2 12b 15b 6
3 12¢ 15¢ 1
4 12d 15d 1
5 12e 15e 2
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of undesired products 15, which were purely isolated
with poor yield, were determined by detailed 2D
NMR analysis as summarized in Fig. 23.5 Their
formation was explained by oxazoline ring opening.
A plausible mechanism for the oxazoline ring
opening is illustrated in Chart 4. Electron trapping

might occur not at the desired nitrogen atom (N-1) but

Fragment B Fragment C 15a

Fragment A

{\ HMBC correlations
= COSY corrrelations

Fig. 2. Structural determination of the reac

at the nitrogen atom in oxazoline during the Michael
addition of aryllithium. The tentatively formed adduct
might be easily attacked by a hydroxyl anion because of
its instability to afford more stable product 15.

From the results described above, we altered our
initial plan of preparing Michael adducts with C-3

chiral oxazoline on C-3 and protected hydroxymethyl

OMe :>

A} NOESY correlations

tion product 15a

MeO Q
M ; Li cl
e
MeO
N\ R MeO '0 R
4 CICOOMe o Ny 0 NoR

= Q

R = OtBu, OBn, Oallyl ArLi

oo COOMe MeO mia e
© OMeOMe Destruction of oxazoline ring to

exclude the phantom molecule

' <o o o
e AR 2.

Chart 4. Plausible mechanism for oxazoline ring opening
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Chart 5. Transformation of 14 to 7

group on C-2 in the quinoline ring. We chose to
examine the transformation of successful Michael
adduct 14 into 4-aza-4-deoxyPDXs, as summarized
in Chart 5. A mixture of Michael adducts 14a,b was
treated with NBS in the presence of a catalytic amount
of benzoylperoxide to give bromide 17 in 38% yield.
Then, 17 was hydrolyzed with TFA followed by
cyclization. However, the sequence of reactions resulted
in loss of chirality to afford aromatized 7. We supposed
that the aromatization was due to the significant
stability of 7. We reconfirmed that the chirality on the
C1-C1’ axis in the trimethoxyphenyl group of 7 did not

remain based on its specific rotation value of 0.

CONCLUSION

We have synthesized novel quinolines bearing
oxazolines as chiral auxiliary and examined the
diastereoselective Michael addition of aryllithium to
them for the synthesis of the chiral antitumor compound
4-aza-4-deoxypodophyllotoxin (PDX). Most of our
attempts at diastereoselective Michael addition resulted
in ring opening of oxazoline with aromatization of

C-ring in the 4-aza-4-deoxyPDX skeleton, as a result

17a3,b

MeO l OMe

OMe

of significant instability of the desired adducts. Only
successful Michael adducts with a methyl group at C-2
of quinoline were hydrolyzed and cyclized to afford 7
with loss of the chiral center at C-1. We will continue
trying to separate 14a and 14b, and will look into other
approaches to retain the chirality in 4-azaPDXs once

formed.

EXPERIMENTAL

IR spectra were obtained with a JEOL FT/IR-680
Plus spectrometer. HRMS was determined with a
JEOL JMS-700 (2) mass spectrometer. NMR spectra
were recorded at 27°C on Varian UNITY INOVA-500
and Mercury-300 spectrometers in CDCI; with
tetramethylsilane (TMS) as internal standard. Melting
points were determined on a Yanagimoto micromelting
point apparatus and are uncorrected. Specific rotations
were measured on a JASCO DIP-1000 polarimeter and
[a],, values are given in 10™' deg cm” g, Liquid column
chromatography was conducted over silica gel (Nacalai,
silica gel 60, mesh 70-230 or 230-400). Analytical TLC
was performed on precoated Merck glass plates (silica

gel 60 F,s,) and compounds were detected by dipping
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the plates in an ethanol solution of phosphomolybdic
acid, followed by heating. Dry THF was distilled over

sodium benzophenone ketyl under nitrogen atmosphere.

Synthesis of quinolines 10 using Friedlinder method
Typical procedure: To a suspension of 9 (6.4 g, 38.8
mmol) with ethyl 3-oxo-butanoate (13.9 mL, 108.8
mmol) in EtOH (100 mL) was added piperidine (13.9
mL, 140.6 mmol) dropwise under nitrogen atmosphere.
The reaction mixture was stirred at 40-50°C for 2 h and
refluxed for 30 min. The reaction mixture was acidified
with d-HCI and the solvent was removed under reduced
pressure to afford a residue that was extracted with
CH,CL,. The organic layer was successively washed
with d-HCIl, water, and brine, dried over MgSO,,
filtered, and evaporated to give a crude mixture that was
purified by silica gel column chromatography (eluent:
AcOEt:hexane = 1:2) to give quinoline 10a (9.33 g,
93%).

Ethyl 2-Methyl-6,7-methylenedioxy-3-quinoline-
carboxylate 10a: Colorless crystals; mp 155-157°C;
IR (KBr) v,,,, 1720, 1655, 1620, 1600 cm'; 'H-NMR
(CDCl,) 6 1.44 (3H, t,J="17.2 Hz, OCH,CH,), 2.92 (3H,
s, Ar-CH,), 4.42 (2H, q, J = 7.2 Hz, -OCH,CH,), 6.13
(2H, s, OCH,0), 7.09 (1H, s, Ar-H), 7.32 (1H, s, Ar-H),
8.55 (1H, s, Ar-H); EIMS m/z 259 (M)'; Anal. calcd for
C.,H;sNO, C, 64.86, H, 5.05, N, 5.40; found C, 64.59, H,
4.99, N, 5.39.

Ethyl 2-tert-Butoxymethyl-6,7-methylenedioxy-
3-quinolinecarboxylate 10b: Yellow crystals; mp
85-87°C; IR (Neat) v,,, 3474, 1729 cm™'; '"H-NMR
(CDCly) 6 1.27 (9H, s, tBu ), 1.43 (3H, t, J = 7.2 Hz,
OCH,CH5), 4.42 (2H, q,J= 7.2, OCH,CHs;), 4.95 (2H, s,
ArCH,0), 6.13 (2H, s, OCH,0), 7.08 (1H, s, Ar-H), 7.40
(1H, s, Ar-H), 8.35 (1H, s, Ar-H); HRMS m/z calcd for
CsH,,NO; (M)” 331.1420, found 332.1494.

Ethyl 2-Benzyloxymethyl-6,7-methylenedioxy-3-

quinolinecarboxylate 10c: Yellow crystals; mp 79—

82°C; IR (KBr) v,,,, 1720, 1617, 1597 cm'; '"H-NMR
(CDC13) 6 1.39 (3H, t,J=7.1 Hz, OCH2CH,), 4.37 (2H,
q,J=7.1 Hz, OCH,CHs,), 4.65 (2H, s, ArCH,0Bn), 5.10
(2H, s, OCH,Ph), 6.13 (2H, s, OCH,0), 7.09 (1H, s, Ar-
H), 7.28-7.39 (SH, s, Ar-H), 7.42 (1H, s, Ar-H), 8.47
(1H, s, Ar-H); EIMS m/z 366 (M+H)+; Anal. calcd for
C,1H(NO; C, 69.03, H, 5.24, N, 3.83; found C, 69.14,
H, 5.26, N, 3.74.

Ethyl 2-Bromomethyl-6,7-methylenedioxy-3-
quinolinecarboxylate 10d: To a solution of 10a (7.17
g, 27.7 mmol) in CCl, (600 mL) were added NBS
(7.38 g, 41.5 mmol) and benzoylperoxide (0.14 g,
2.0% w/v) under nitrogen atmosphere, and the reaction
mixture was refluxed with stirring for 1 h under of
UV light irradiation (200 W). After cooling to rt, CCl,
was evaporated under reduced pressure to afford a
crude residue that was purified by silica gel column
chromatography (eluent; 7 % AcOEt in CH,CL,) to
give crude bromide, which was further recrystallized
from CH,Cl,-hexane to yield pure 10d (7.75 g, 83%).
10d: Colorless crystals; mp 159-161°C; IR (KBr) v,,,,
1720, 1620, 1600, 1500 cm™'; 'H-NMR (CDCl,) & 1.47
(3H, t, J = 7.0 Hz, OCH,CH,), 4.47 (2H, q, J = 7.0
Hz, -OCH,CH,), 5.15 (2H, s, Ar-CH,-Br), 6.16 (2H, s,
OCH,0), 7.12 (1H, s, Ar-H), 7.34 (1H, s, Ar-H), 8.62
(1H, s, Ar-H); EIMS m/z 337, 339 (M)'; Anal. calcd
for C,,H,,NO,Br C, 49.73, H, 3.58, N, 4.12; found C,
49.77,H, 3.52, N, 4.23.

Ethyl 2-Allyloxymethyl-6,7-methylenedioxy-3-
quinolinecarboxylate 10e: No data because it was used

in the subsequent reaction without purification.

Synthesis of 3-quinolinecarboxylic acids 11

Typical procedure: To a solution of 10a (2.54 g, 9.97
mmol) in 20% MeOH-H,O (70 mL) was added KOH
(1.65 g). After stirring for 2 h at 90-93°C, methanol was
removed under reduced pressure to afford an aqueous

solution, and this was adjusted to pH 6-7 with d-HCI to
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form crystals. The precipitate of product 11a from the
water layer was gathered by suction and recrystallized
from EtOH-H,O to give pure 11a (2.16 g, 95%)
2-Methyl-6,7-methylenedioxy-3-quinolinecarboxylic
Acid 11a: Colorless crystals; mp > 295°C; IR (KBr) v,,,,
28002400, 1693, 1595 cm'; '"H-NMR (DMSO-d,) &
2.79 3H, s, ArCH}; ), 6.22 (2H, s, OCH,0), 7.30 (1H, s,
Ar-H), 7.44 (1H, s, Ar-H), 8.64 (1H, s, Ar-H); "C-NMR
(DMSO-d;) 6 26.1 (q), 103.4 (t), 104.4 (d), 105.4 (d),
123.2 (s), 123.5 (s), 139.3 (d), 147.8 (s), 148.6 (s),
153.4 (s), 157.0 (s), 168.9 (s); HRMS m/z calcd for
C,H,NO, (M) 231.0531, found 231.0533.
2-tert-Butoxymethyl-6,7-methylenedioxy-3-
quinolinecarboxylic Acid 11b: Colorless crystals; mp
210°C; IR (Neat) v,,, 3463, 1704, 1603 cm'; 'H-NMR
(DMSO-d;) 6 1.16 (9H, s, Bu ), 3.38 (1H, br s, OH),
4.77 (2H, s, ArCH,0), 6.21 (2H, s, OCH,0), 7.33 (1H, s,
Ar-H), 7.41 (1H, s, Ar-H), 8.47 (1H, s, Ar-H); 'H-NMR
(MeOH-d,) 8 1.31 (9H, s, Bu), 5.00 (2H, s, ArCH,0),
6.19 (2H, s, OCH,0), 7.30 (1H, s, Ar-H), 7.40 (1H,
s, Ar-H), 8.64 (1H, s, Ar-H); "C-NMR (MeOH-d,) §
28.6 (q), 65.8 (1), 74.1 (s), 103.1 (t), 103.9 (d), 105.4
(d), 123.8 (s), 124.8 (s), 137.4 (d), 146.1 (s), 148.4 (s),
152.3 (s), 155.4 (s), 168.4 (s); HRMS m/z calcd for
CsH,;sNO; (M)" 304.1185, found 304.1170.
2-Benzyloxymethyl-6,7-methylenedioxy-3-
quinolinecarboxylic Acid 11c: Colorless crystals;
mp 200-210°C; IR (Neat) v, 3660-3300, 1700,
1640, 1600 cm'; "H-NMR (DMSO-d,) § 4.46 (2H,
s, ArCH,0Bn), 5.15 (2H, s, -OCH,Ph), 6.14 (2H, s,
OCH,0), 7.10 (1H, s, Ar-H), 7.24-7.42 (5H, m, Ar-H),
7.43 (1H, s, Ar-H), 8.57 (1H, s, Ar-H); EIMS m/z 338
(M+H)"; Anal. caled for C,H,sNO; C, 67.65, H, 4.48, N,
4.15; found C, 67.23, H, 4.57, N, 4.08.

2-Allyloxymethyl-6,7-methylenedioxy-3-
quinolinecarboxylic Acid 11d

60 % NaH in oil (0.15g, 3.6 mmol) was washed with

dry pentane. To the prepared NaH, was added dry
THF (10mL). To the resulted suspension was added
allylalcohol (0.45 mL, 6.0 mmol) dropwise under
nitrogen atmosphere at 0°C, then 10d (0.33g, 1.0 mmol)
successively. After stirring for 18 hr at rt, SN NaOH aq
(1.4 mL) and water (1.4 mL) were added to the reaction
mixture, which was then refluxed for another 2 hr. After
cooling, the mixture was diluted with water (5 mL),
acidified with 3N HCl aq to almost pH 2, then extracted
with CH,Cl,. The organic layer was washed with water
and brine successively, dried over MgSO,, filtered
and evaporated to afford a crude residue, which was
purified by silica gel column chromatography (eluent;
MeOH : CH,CL, =1 : 9) to give 11d (0.16 g, 56% in 2
steps). 11d: Yellow crystals; mp 157-160°C; IR (Neat)
Viax 3400-2400, 1700, 1600, 1510 cm™'; "H-NMR
(DMSO-d,) 6 4.21 (2H, d, J = 6.0 Hz, -OCH,CH),
5.10 (2H, s, -OCH,Ph), 5.22 (1H, dd, J = 10.5, 1.5
Hz, -CH,CH=CHH), 5.34 (1H, dd, J = 15.0, 1.5 Hz,
-CH,CH=CHH), 5.99 (1H, ddt, J = 15.0, 10.5, 6.0 Hz,
-CH,CH=CH,), 6.16 (2H, s, OCH,0), 7.14 (1H, s, Ar-
H), 7.46 (1H, s, Ar-H), 8.69 (1H, s, Ar-H); EIMS m/z
287 (M)'; Anal. calcd for C,sH,;NO; C, 62.71, H, 4.56,
N, 4.88; found C, 61.80, H, 4.55, N, 4.71.

Synthesis of quinoline-bearing oxazolines 12

Typical procedure: To a solution of quinolinecarboxylic
acid 11a (1.07 g, 4.63 mmol) with (2S)-2-amino-3-
methoxypropanol (0.54 g, 5.14 mmol) in pyridine
(5 mL)/acetonitrile (5 mL) was added triethylamine
(1.94 mL, 13.9 mmol) in CCl, (1.43 mL, 14.8 mmol).
To the reaction mixture, triphenylphosphine (3.65 g,
13.9 mmol) in pyridine (5 mL)/acetonitrile (5 mL) was
added dropwise over 1.5 h under nitrogen atmosphere.
After stirring for 33 h at rt, the solvent was removed
under reduced pressure below 40°C to afford a residue
that was purified by silica gel column chromatography

(eluent: CH,Cl,:AcOEt = 5:1 to AcOEt:hexane = 3:1) to
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give product 12a (0.73 g, 47%).
3-{(4R)-4-Methoxymethyl-2-oxazolinyl}-2-methyl-
6,7-methylenedioxyquinoline 12a: Colorless
crystals; mp 99-102°C; [a],>> +23.3 (¢ 0.4, CHCL,);
IR (Neat) v,,, 1632, 1463 cm'; '"H-NMR (CDCl,) &
2.91 (3H, s, Ar-CH,;), 3.43 (3H, s, OCH,), 3.53 (1H,
m, -CHHOCH,;), 3.70 (1H, m, -CHHOCH,), 4.32
(1H, dd, J = 5.0, 4.6 Hz, -OCHHCH-), 4.50 (2H, m,
-OCHHCH-), 4.56 (1H, m, NCH(CH,),), 6.11 (2H, s,
OCH,0), 7.01 (1H, s, Ar-H), 7.31 (1H, s, Ar-H), 8.42
(1H, s, Ar-H); "C-NMR (CDCl;) § 25.3 (q), 59.3 (q),
66.8 (d), 69.9 (1), 74.6 (t), 101.7 (t), 102.8 (d), 105.0
(d), 119.4 (s), 122.4 (s), 137.0 (d), 146.6 (s), 147.5 (s),
151.8 (s), 155.7 (s), 164.1 (s); HRMS m/z calcd for
CsH,N,O, (M)" 300.1110, found 300.1109.
2-tert-Butoxymethyl-3-{(4R)-4-methoxymethyl-
2-oxazolinyl}-6,7-methylenedioxyquinoline 12b:
Yellow oil; [a],” —8.3 (¢ 2.0, CHCL,); IR (Neat) v,
1650, 1463, 1231, 1193, 1034 cm'; '"H-NMR (CDCl;)
0 1.27 (9H, s, Bu ), 3.43 (3H, s, OCH,), 3.51 (1H, m,
-CHHOCH,), 3.71 (1H, m, -CHHOCH,), 4.32 (1H,
m, -OCHHCH-), 4.51 (1H, m, NCH), 4.53 (1H, m,
-OCHHCH-), 4.94 (1H, d, J=10.9 Hz, ArCHHO), 5.02
(1H, d, J = 10.9 Hz, ArCHHO), 6.11 (2H, s, OCH,0),
7.04 (1H, s, Ar-H), 7.41 (1H, s, Ar-H), 8.39 (1H, s, Ar-
H); "C-NMR (CDCl,) 6 27.8 (q), 59.3 (q), 65.6 (t), 66.6
(d), 70.6 (1), 73.9 (s), 74.7 (1), 101.8 (t), 102.8 (d), 105.9
(d), 119.7 (s), 123.4 (s), 137.5 (d), 146.6 (s), 148.1 (s),
151.8 (s), 155.7 (s), 164.6 (s); HRMS m/z calcd for
CyoH,5N,045 (M+H)" 373.1764, found 373.1760.
2-Benzyloxymethyl-3-{(4R)-4-methoxymethyl-2-
oxazolinyl}-6,7-methylenedioxyquinoline 12¢: Yellow
oil; [a]p” +5.0 (¢ 2.2, CHCL,); IR (Neat) v,,, 1649,
1462 cm™; IH-NMR (CDCl,) 8 3.36 (3H, s, OCH,), 3.37
(1H, m, -CHHOCH,), 3.61 (1H, m, -CHHOCH,), 4.26
(1H, m, OCHHCH), 4.43 (1H, m, NCH ), 4.46 (1H, m,
OCHHCH), 4.65 (2H, s, ArCH,0), 5.09 (1H, d, /=123
Hz, ArCH,0), 5.14 (1H, d, J = 12.3 Hz, ArCH,0), 6.10

(2H, s, OCH,0), 7.05 (1H, s, Ar-H), 7.42 (1H, s, Ar-H),
8.43 (1H, s, Ar-H ); "C-NMR (CDCl,) 6 59.2 (q), 66.6
(d), 70.4 (1), 72.6 (), 72.9 (s), 74.6 (t), 101.9 (1), 102.8
(d), 105.8 (d), 119.3 (s), 123.4 (s), 127.4 (d), 127.9
(d), 128.2 (d), 137.4 (d), 138.3 (s), 146.5 (s), 148.3 (s),
151.9 (s), 154.3 (s), 163.9 (s); HRMS m/z calcd for
C;H,,N,05 (M+H)" 407.1599, found 407.1607.

2-Allyloxymethyl-6,7-methylenedioxy-3-{(4R)-4-
methoxymethyl-2-oxazolinyl}quinoline 12d: Yellow
oil; [a],” +20.6 (¢ 0.1, CHCL,); IR (Neat) v,,, 1650,
1463, 1235, 1108 cm'; 'H-NMR (CDCl,) 6 3.43 (3H,
s, OCH,), 3.49 (1H, m, -CHHOCH,), 3.69 (1H, m,
-CHHOCH,), 4.31 (1H, m, OCHHCH), 4.14 (2H,
dt, J = 5.7, 1.4 Hz, -OCH,CH=), 4.44-4.61 (2H, m,
NCH and OCHHCH), 5.19 (1H, br d, J = 10.4 Hz,
-CH,CH=CHH), 5.30 (1H, ddd, J = 17.2, 1.8, 1.4 Hz,
-CH,CH=CHH), 6.00 (1H, ddd, J = 17.2, 10.4, 5.7 Hz,
-CH,CH=CH,), 6.13 (2H, s, OCH,0), 7.06 (1H, s, Ar-
H), 7.43 (1H, s, Ar-H), 8.45 (1H, s, Ar-H ); "C-NMR
(CDCLy) § 59.3, 66.6, 70.3, 71.9, 72.5, 74.5, 101.8,
102.7, 105.7, 117.0, 119.0, 123.3, 134.8, 137.3, 146.4,
148.2, 151.8, 154.2, 163.7, HRMS m/z calcd for
C,,H, N,O5 (M+H)" 357.1450, found 357.1442.

2-tert-Butoxymethyl-3-{(4R,5S5)-4-methoxymethyl-5-
methyl-2-oxazolinyl}-6,7-methylenedioxyquinoline
12e: Yellow oil; [a],” +46.5 (¢ 1.0, CHCL,); IR (Neat)
Vi 1637, 1463 cm'; "H-NMR (CDCl,) & 1.27 (9H,
s, Bu), 1.47 (3H, d, J = 6.6 Hz, CHCH,), 3.41 (3H, s,
OCH), 3.60 (1H, dd, J = 9.6, 8.0 Hz, -CHCHHOCH,),
3.70 (1H, dd, J= 9.6, 4.8 Hz, -CHCHHOCH;,), 4.43 (1H,
ddd, J = 9.4, 8.0, 4.8 Hz, NCH(CH,)CH), 4.97 (1H, d,
J =112 Hz, ArCHHO-), 4.98 (1H, dq, J = 9.4, 6.6 Hz,
CH(CH,)CHO-), 5.00 (1H, d, J = 11.2 Hz, ArCHHO-),
6.10 (2H, s, OCH,0), 7.04 (1H, s, Ar-H), 7.41 (1H, s,
Ar-H), 8.37 (1H, s, Ar-H ); "C-NMR (CDCL,) § 14.7
(), 27.8 (q), 59.1 (q), 65.4 (1), 67.8 (d), 71.4 (t), 74.0 (s),
78.4 (d), 101.8 (t), 102.8 (d), 105.9 (d), 120.0 (s), 123.4
(s), 137.3 (d), 146.6 (s), 148.1 (s), 151.7 (s), 155.8 (s),
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163.8 (s); HRMS m/z calcd for C,H,,N,0O5 (M+H)"
387.1920, found 387.1925.

Michael addition of aryllithium to quinolines (Chart
2, Chart 3, and Table 1)

Typical procedure: A solution of trimethoxyphenyl-
lithium, which was prepared by adding 1.57 M
t-BuLi in n-pentane (10.4 mL, 16.1 mmol) to
3,4,5-trimethoxyphenylbromide (1.99 g, 8.04
mmol) in THF (20 mL) at —78°C under nitrogen
atmosphere, was introduced to a solution of 12a
(0.805 g, 2.68 mmol) in THF (150 mL). After
stirring at —78°C under nitrogen atmosphere for 20
h, methylchloroformate (1.03 mL, 13.4 mmol) was
added. Then, the reaction flask was warmed to rt
and stirred for another 4 h. After quenching with aq.
NaHCO,, the solvent was removed under reduced
pressure to afford a residue that was extracted with
CH,CIl,. The organic layer was dried over MgSO,,
filtered, and evaporated to give a crude mixture that
was purified by silica gel column chromatography
(eluent: AcOEt:hexane = 3:1) to give a mixture of
products 14a and 14b (0.996 g, 71%). (*Experiments
affording 13a or 13b on Chart 2 were carried out
without addition of methyl chloroformate.)
3-{(4R)-4-Methoxymethyl-2-oxazolinyl}-2-methyl-
6,7-methylenedioxy-4-phenylquinoline 13a: Oil;
[a]y” +28.1 (¢ 0.22, CHCL,); IR (Neat) v,,, 1662, 1567
cm'; "H-NMR (CDCl,) § 2.72 (3H, s, Ar-CH;), 3.00
(1H, dd, J = 9.4, 7.0 Hz, -CHHOCH,;), (3H, s, OCH;),
3.33 (1H, dd, J = 9.4, 4.4 Hz, -CHHOCH,), 3.98 (1H,
dd, J=8.0, 7.0 Hz, -OCHHCH-), 4.14 (1H, dd, J = 9.4,
8.0 Hz, -OCHHCH-), 4.21 (1H, m, CH,CHN=), 6.06
(2H, s, OCH,0), 6.79 (1H, s, Ar-H), 7.33 (3H, m, Ar-
H), 7.37 (1H, s, Ar-H), 7.45 (2H, dd, J = 4.6, 1.8 Hz,
Ar-H); "C-NMR (CDCl,) § 23.2 (q), 59.1 (q), 66.3 (d),
70.4(t), 74.1 (t), 101.76 (t), 101.85 (d), 105.4 (d), 120.8
(s), 121.9 (s), 128.0 (d), 128.6 (d), 129.2 (d), 129.4

(d),136.2 (s), 146.5 (s), 147.4 (s), 147.7 (s), 151.1 (s),
154.1 (s), 164.0 (s); HRMS m/z calcd for C,,H,,N,O,
(M) 376.1423, found 376.1420.
3-{(4R)-4-Methoxymethyl-2-oxazolinyl}-2-methyl-
6,7-methylenedioxy-4-(3,4,5-trimethoxyphenyl)
quinoline 13b: Colorless crystals; mp 120-122°C; [o],”
+17.0 (¢ 0.5, CHCL,); IR (Neat) v,,,, 1663, 1585 cm™';
'H-NMR (CDCl;) & 2.71 (3H, s, Ar-CH,), 3.10 (1H, dd,
J=9.5, 6.4 Hz, -CHHOCH,), 3.32 (3H, s, OCH,), 3.60
(1H, dd, J =6.4, 4.4 Hz, -CHHOCH,), 3.84 (3H, s, Ar-
OCH,), 3.85 (3H, s, Ar-OCH,), 3.94 (3H, s, Ar-OCH,),
4.06 (1H, dd, J=7.2, 6.6 Hz, -OCHHCH-), 4.20 (1H, t,
J=172Hz, -OCHHCH-), 4.25 (1H, m, CH,CHN=), 6.08
(2H, s, OCH,0), 6.57 (2H, s, Ar-H), 6.91 (1H, s, Ar-
H), 7.36 (1H, s, Ar-H); "C-NMR (CDCl,) § 23.2, 56.2,
59.2, 61.0, 66.4, 70.4, 74.2, 101.8, 105.4, 106.6, 106.7,
121.9, 127.1, 131.6, 146.5, 147.4, 147.8, 151.2, 152.8,
154.1, 164.1; HRMS m/z calcd for C,sH,6N,0, (M)"
466.1740, found 466.1736.
N-Methoxycarbonyl-3-{(4R)-4-methoxymethyl-
2-oxazolinyl}-2-methyl-6,7-methylenedioxy-4-
(3,4,5-trimethoxyphenyl)-1,4-dihydroquinoline 14a
(major), 14b (minor): Colorless crystals; mp 60—68°C;
IR (Neat) v, 1717, 1651, 1589 cm™': 'H-NMR
(CDCly) 6 2.478 (3H, s, 14b-Ar-CH,;), 2.482 (3H, s,
14a-Ar-CH,;), 3.35 (3H, s, 14b-CH,0CH,), 3.38 (3H,
s, 14a-CH,0CHs;), 3.41 (1H, m, -CHHOCH;), 3.60
(1H, m, -CHHOCH,), 3.72 (3H, s, 14a-OCH,), 3.75
(6H, s, 14b-OCHs;), 3.757(3H, s, -OCH,), 3.758 (6H,
s, -OCH,;), 4.20 (1H, m, 14a-OCHHCH-), 4.22 (1H,
m, 14b-OCHHCH-), 4.38 (1H, m, -CH,CHN=), 4.39
(1H, m, -OCHHCH-), 5.13 (1H, s, 14a-H-1), 5.16 (1H,
m, 14b-H-1), 5.95 (2H, s, 14a-OCH,0), 5.95 (1H,
d,J=14 Hz, 14b-OCHHO), 5.96 (1H,d, J=1.4
Hz, 14b-OCHHO), 6.427 (2H, s, 14b-Ar-H), 6.431
(2H, s, 14a-Ar-H), 6.71 (1H, s, 14b-Ar-H), 6.74 (1H,
s, 14a-Ar-H), 7.10 (1H, s, 14a-Ar-H), 7.12 (1H, s,
14b-Ar-H); "C-NMR (CDCL;) & 21.0 (qy4a), 21.1 (Qyap),
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46.2 (dy4), 46.4 (dy4a), 53.2 (Quaa)> 532 (Quap)> 55.8 (Quap)s
55.9 (quaa)> 59-2 (qaa)s 59-2 (quap)> 60.6 (qy4a)> 60.6 (qyas)s
65.6 (dy4), 65.7 (d14a), 70.3 (tisa)s 70.3 (tian), 74.6 (tisn)s
74.7 (tya), 101.4 (dyy,), 101.4 (dyy,), 103.7 (d), 103.8
(dyp), 105.8 (dy4a), 105.8 (dyyp), 106.6 (dyy,), 106.6
(digp)s 120.7 (S142)> 120.9 (814p), 128.2 (S14p)> 128.4 (S140)s
131.9 (S14n)s 132.1 (S14p), 136.4 (Syap), 136.5 (5140), 136.7
(S140)> 136.9 (5145), 153.1 (S14p), 145.1 (S140)> 145.3 (S14)s
145.6 (5142)> 145.6 (S14), 146.0 (S14,), 146.0 (5,4), 153.1
(Spaa)> 153.7 (S140)> 153.7 (S1ap)> 164.7 (Sp4a), 164.8 (S14);-
HRMS m/z caled for C,,H;,N,O, (M)" 526.1951, found
526.1949.
(2R)-2-Amino-N-methoxycarbonyl-3-methoxypropyl
2-tert-butoxymethyl-6,7-methylenedioxy-3-
quinolinecarboxylate 15b: Yellow crystals; mp 174°C;
[a],” 2.0 (¢ 2.3, CHCL,); IR (Neat) v,,,, 3414, 1725,
1616, 1585 cm'; "H-NMR (CDCl,) 6 1.24 (9H, s, fBu),
3.12 (2H, s, -CHCH,0OCH,;), 3.26 (3H, s, -CH,0OCH,),
3.64 3H, s, Ar-OCH,), 3.78 (1H, m, -CH,CHNH), 3.84
(3H, s, Ar-OCH,), 3.86 (3H, s, Ar-OCH,), 3.93 (3H, s,
Ar-OCH,), 4.16 (2H, d, J = 4.3 Hz, -OCH,CH), 4.82
(1H, d, J = 13.0 Hz, ArCHHO-), 4.84 (2H, d, J = 13.0
Hz, ArCHHO-), 5.05 (1H, brd, J = 8.0 Hz, NH), 6.10
(2H, s, OCH,0), 6.53 (1H, d, J = 1.8 Hz, Ar-H), 6.56
(1H, d, J= 1.8 Hz, Ar-H), 6.92 (1H, s, Ar-H), 7.39 (1H,
s, Ar-H); "C-NMR (CDCl,) & 27.4 (q), 49.3 (d), 52.0
(), 56.1 (q), 56.2 (q), 58.8 (q), 60.9 (q), 63.8 (1), 66.0 (1),
70.6 (t), 74.8 (s), 101.7 (d), 101.9 (t), 105.7 (d), 106.2
(d), 106.4 (d), 123.0 (s), 124.5 (s), 131.5 (s), 138.0 (s),
145.6 (s), 145.6 (s), 148.4 (s), 151.3 (s), 153.23 (s),
153.26 (s), 154.2 (s), 156.4 (s), 168.2 (s); HRMS m/z
caled for C;,Hy,N,O,, (M) 614.2476, found 614.2479.
(2R)-2-Amino-N-methoxycarbonyl-3-methoxypropyl
2-benzyloxymethyl-6,7-methylenedioxy-3-
quinolinecarboxylate 15¢: Yellow oil; [a],” —3.0 (¢
0.11, CHCL,); IR (Neat) v,,,. 3404, 1725, 1584 cm'';
'H-NMR (CDCl;) § 3.05 (2H, m -CHCH,OCH,), 3.21
(3H, s, -CH,0CH,), 3.62 (3H, s, OCH,), 3.75 (1H,

m, -CH,CHNH), 3.845 (3H, s, OCH;), 3.853 (3H, s,
OCH,), 3.93 (3H, s, OCH,), 4.00 (2H, m, -OCH,CH),
4.57 (2H, s, -OCH,Ar), 4.90 (2H, s, -OCH,Ar), 4.90
(1H, overlapped, NH), 6.11 (2H, s, OCH,0), 6.55 (1H,
d,J=1.8 Hz, Ar-H), 6.56 (1H, d, J= 1.8 Hz, Ar-H), 6.93
(1H, s, Ar-H), 7.20-7.39 (5H, m, Ph), 7.41 (1H, s, Ar-
H); HRMS m/z caled for Cy,H;N,O,; (M) 643.2319,
found 648.2314.
(2R)-2-Amino-N-methoxycarbonyl-3-methoxypropyl
2-allyloxymethyl-6,7-methylenedioxy-3-
quinolinecarboxylate 15d: Oil; [a],” —6.0 (¢ 0.1,
CHCL,); IR (Neat) v,,,, 3333, 1731, 1584 cm'; '"H-NMR
(CDCl,) 6 3.14 (2H, d, J= 5.5 Hz, -CHCH,OCH,), 3.27
(3H, s, -CH,0CHs5), 3.85 (3H, s, OCH,), 3.86 (3H, s,
OCH,), 3.93 (3H, s, OCH,), 3.94 (3H, s, OCH,), 4.05
(2H, d, J = 5.7 Hz, -OCH,CH=CH,), 4.13 (3H, m,
-OCH,CHNH-, -CH,CHNH-), 4.85 (2H, s, J = 12.6 Hz,
ArCH,0-), 4.96 (1H, brd , J = 9.0 Hz, NH), 5.20 (1H,
br d, J = 10.5 Hz, -CH,CH=CHH), 5.28 (1H, br d, J =
17.2 Hz, -CH,CH=CHH), 5.91 (1H, m, -CH,CH=CH,),
6. 11 (2H, s, OCH,0), 6.55 (1H, br s, Ar-H), 6.56 (1H,
br s, Ar-H), 6.93 (1H, s, Ar-H), 7.41 (1H, s, Ar-H);
HRMS m/z caled HRMS m/z caled for C,,H;,N,O,, (M)"
598.2163, found 598.2169.
(15,2R)-2-Amino-1-methyl-N-methoxycarbonyl-
3-methoxypropyl 2-tert-butoxymethyl-6,7-
methylenedioxy-3-quinolinecarboxylate 15e: Oil;
[a],” +48.0 (c 0.3, CHCl,); IR (Neat) v, 3333, 1724,
1615, 1584 cm™'; '"H-NMR (CDCL,) & 1.04 (3H, d, J
= 6.2 Hz, -CHCH;), 1.26 (9H, s, tBu ), 3.27 (3H, s,
-CH,0CH,), 3.27 (1H, m, -CHCHHOCH,;), 3.29 (1H,
m, -CHCHHOCH,), 3.64 (3H, s, OCH,), 3.825 (3H,
s, OCH;), 3.83 (1H, m, -CH,CHNH-), 3.832 (3H, s,
OCH,), 3.90 (3H, s, OCH,), 4.82 (1H, d, J = 12.6 Hz,
ArCHHO-), 4.87 (2H, d, J = 12.6 Hz, ArCHHO-), 5.06
(1H, qd, J=6.2, 3.8 Hz, -COOCHCH(CH,)-), 5.72 (1H,
br-d, J=8.7 Hz, NH), 6.08 (2H, s, OCH,0), 6.47 (1H, d,
J=1.8 Hz, Ar-H), 6.52 (1H, d, /= 1.8 Hz, Ar-H), 6.84
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(1H, s, Ar-H), 7.37 (1H, s, Ar-H); HRMS m/z calcd for
C,H,)N,O,, (M)’ 628.2632, found 628.2633.

N-Methoxycarbonyl-3-{(4R)-4-methoxymethyl-2-
oxazolinyl}-2-bromomethyl-6,7-methylenedioxy-4-
(3.4,5-trimethoxyphenyl)-1,4-dihydroquinoline 17
To a solution of 14a and 14b (68.6 mg, 0.13 mmol) in
CCl, (5 mL) were added NBS (23.3 mg, 0.13 mmol)
and benzoylperoxide (1.2 mg, 0.04 mmol) under
nitrogen atmosphere, and the reaction mixture was
refluxed with stirring for 24 h. After extracting with
CH,CI,, the organic layer was dried over MgSO,,
filtered, and evaporated under reduced pressure to
afford a crude residue that was purified by silica gel
column chromatography (eluent: hexane:AcOEt = 1:2
to CH,Cl,:AcOEt = 4:1) to give bromide 17a and 17b
(30 mg, 38%). 17a and 17b (mixture of diastereomers):
Pale yellow crystals; mp 60-68°C; IR (Neat) v,
1718, 1590 cm'; 'H-NMR (CDCl,) 6 3.37 (3H, s,
17b-OCH,), 3.38 (3H, s, 17a-OCH,), 3.43 (1H, dd, J =
9.7,5.7 Hz, -CHHOCH,), 3.63 (1H, dd, /= 9.7, 3.7 Hz,
CHHOCH,), 3.72 (3H, s, 17a-Ar-OCH,), 3.745 (3H,
s, 17b-Ar-OCH;),3.75 (6H, s, Ar-OCH,), 3.76 (3H, s,
Ar-OCH,), 4.27 (1H, m, -OCHHCH-), 4.43 (1H, m,
-CH,CHN=), 4.45 (1H, m, -OCHHCH-), 4.86 (1H, d,
J=10.8 Hz, 17b-ArCHHBI), 4.89 (1H, d, J = 11.0 Hz,
17a-ArCHHBr), 5.17 (1H, s, 17a-H-1), 5.23 (1H, s,
17b-H-1), 5.43 (1H, d, J = 10.8 Hz, 17b-ArCHHBY),
5.44 (1H, d, J = 11.0 Hz, 17a-ArCHHBY), 5.99 (2H,
s, 17a-OCH,0), 6.00 (2H, s, 17b-OCH,0), 6.39
(2H, s, 17a-Ar-H), 6.40 (2H, s, 17b-Ar-H), 6.70 (1H,
s, 17b-Ar-H), 6.73 (1H, s, 17a-Ar-H), 7.11 (1H, s,
17a-Ar-H). 7.13 (1H, s, 17b-Ar-H); HRMS m/z calcd
for C,,H,N,O,”Br (M)" 604.1056, found 604.1055;
caled for C,,H,oN,0,*'Br (M)" 606.1036, found
606.1035.

4-Aza-1,2,3,4-tetradehydro-4-deoxypodophyllo-
toxin 7

To a solution of bromide 17a,b (66.7 mg, 0.11 mmol)
in THF (2 mL) was added trifluoroacetic acid (41 pL,
0.55 mmol) under nitrogen atmosphere, and the
reaction mixture was heated at 90°C with stirring
overnight. After removing trifluoroacetic acid under
reduced pressure, water (0.1 mL) and K,CO; (20 mg)
were added and the mixture was heated at 90°C with
stirring for another 4 h. After extracting with CH,Cl,,
the organic layer was dried over MgSO,, filtered,
and evaporated under reduced pressure to afford a
crude residue that was purified by silica gel column
chromatography (eluent: CH,Cl,:AcOEt = 3:1) to give
aromatized product 7 (18.0 mg, 36%). 7: Colorless
crystals; mp 243-245°C; [a],> 0 (¢ 0.9, CHCI,); IR
(Neat) v, 1777, 1506, 1458 cm'; "H-NMR (CDCl,) &
3.86 (6H, s, Ar-OCH,), 3.97 (3H, s, Ar-OCH,), 5.37 (2H,
s, Ar-CH,0), 6.18 (2H, s, OCH,0), 6.60 (2H, s, Ar-H),
7.19 (1H, s, Ar-H), 7.45 (1H, s, Ar-H); HRMS m/z calcd
for C,;H,;NOg(M)" 395.1005, found 395.1007.
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New Lanostane Triterpenoids, Inonotsutriols D, and E from Inonotus Obliquus
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Two new lanostane-type triterpenoids, inonotsutriols D (1) and E (2), were isolated from the sclerotia of /nonotus

obliquus (Pers.: Fr.) Pil. (Japanese name: kabanoanatake; Russian name: chaga). Their structures were determined to

be lanost-8-ene-3f3,22R,24R-triol (1) and lanost-8-ene-3[3,22R,24S-triol (2) on the basis of spectral data, including 2D

NMR analysis. In addition, major compounds inotodiol (3), trametenolic acid (4), 3p-hydroxylanosta-8,24-dien-21-

al (5), and inonotsuoxide A (6) were evaluated for their cancer cell growth inhibitory activity using the murine P388

leukemia cell line.

Key words——Inonotus obliquus; kabanoanatake; sclerotium; inonotsutriol D; inonotsutriol E; lanost-8-ene-

3p,22R,24R-triol; lanost-8-ene-33,22R,24S-triol; 2D NMR; murine P388 leukemia cell line

INTRODUCTION

Inonotus obliquus (PERS.: Fr.) Pil. (= Fuscoporia
obliqgua (PERS.: Fr.) Aoshima), commonly known
as kabanoanatake in Japan and chaga or tchaga in
Russia, is a white-rot fungus belonging to the family
Hymenochaetaceae Donkl and is widely distributed in
Europe, Asia, and North America? The imperfect form
of 1. obliquus occurs parasitically on trunks, usually
of Betula (birch), and more rarely on Ulmus, Alnus,
and Fraxinus. Only after the tree dies is the perfect
form with pores and basidia produced under the bark.
1. obliquus is widely distributed in Betula platyphylla
var. japonica (Japanese name: shirakaba) forests in
Hokkaido, Japans.y4

Lanost-8-ene-33,22R-diol (inotodiol) was isolated
by Ludwiczak and Wrecinos. Kahlos et al. isolated
3p-hydroxylanosta-8,24-dien-21-oic acid (trametenolic
acid) and 3B—hydroxylanosta—8,24-dien—2l-alf as well

as 3[3,22,25-trihydroxylanosta-8,23—diene7 and 3[3,22-
dihydroxylanosta-&24—dien—7—one8. His group also
reported that inotodiol exhibits significant anticancer
activity against Walker 256 carcinosarcoma and MCF-
7 human mammary adenocarcinoma in vitro and
leukemia P388 in vivog, and that 3B-hydroxylanosta-
8,24-dien-21-al, 3,21-dihydroxylanosta-8,24-
diene, and trametenolic acid have antifungal
activityl.OMizuno et al. reported the antitumor and
hypoglycemic activities of polysaccharides from /.
obliquusl.1 Babitskaya et al. reported melanin complex
of I. obliquus has antioxidant and genoprotective
effect:and Burczyk et al. reported that the aqueous
extract of I. obliquus inhibited growth of human
cervical and uterine cancer cells (HeLa 83; Shin
et al. isolated 3B-hydroxylanosta-8,24-diene-21,23-
lactone, 21,24-cyclopentalanost-8-ene-3[3,21,25-triol,
and lanost-8-ene-3(3,22,25-triol from the sclerotia of 1.

14,15
obliquus.

*e-mail: tanakar@gly.oups.ac.jp
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1. obliquus has been found to possess the

16,17 18

following activities: anti-cancer, anti-breast cancer,
19,20

anti-inflammatory and anti-nociceptive effects, anti-
21,22 23 . 24,25. .

oxidant, anti-mutation, anti-inflammatory, inhibition

of oxidative DNA damage in human lymphocytesz,5
platelet aggregation inhibitory activityfband blocker of
IxBa kinase activationz.7

Recently, we reported the structures of new
lanostane-type triterpenoids isolated from the sclerotia
of 1. obliquus: inonotsuoxides A and B (22R,25-
epoxylanost-8-ene-3[3,245-diol and its 225,25-epoxy
epimerz)s; inonotsulides A, B, and C ((20R,245)-3f3,25-
dihydroxylanost-8-en-20,24-olide, its (20R,24R)-olide

epimer, and (20R,245)-3[3,25-dihydroxylanosta-7,9(11)-
dien-20,24-olidez)9; lanosta-8,23E-diene-3f3,22R,25-triol
and lanosta-7:9(l1),23E—triene—3B,22R,25-triol3;0 and
inonotsutriols A, B, and C ((20R,24S)-cyclopentalanost-
8-ene-3f3,21R,25-triol, its 24R-hydroxyl epimer, and
(20R,24S5)-cyclopentalanosta-7:9(11)-diene-3f3,21R,25-
triof)l. In addition, the anti-tumor promoting activity
of inotodiolzgand 3B—hydroxylanosta-8,24-dien-21—a13?
which are abundant triterpene constituents in this
sclerotium, has been reported.

Careful examination of the sclerotia of 1. obliquus

has led to the isolation of two new lanostane-type

triterpenes named inonotsutriols D (1) and E (2). The
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structures of compounds 1 and 2 were determined
on the basis of spectroscopic data, including 2D
NMR spectra. This report deals with the structure
determination of inonotsutriols D (1) and E (2), and
the P388 cancer cell growth inhibitory activity of
abundant triterpenoids inotodiol (3), trametenolic
acid (4), 3p-hydroxylanosta-8,24-dien-21-al (5), and

inonotsuoxide A (6).

Results and discussion

The sclerotia of I. obliqguus were extracted with
CHCI, and the extract was separated by silica gel
column chromatography, medium-pressure liquid
chromatography (MPLC), and high-pressure
liquid chromatography (HPLC) to obtain two new
triterpenes (1 and 2). The molecular formula of
inonotsutriol D (1) was determined to be C;,H;,0;
(M"; m/z 458.3766, calcd 458.3760) by HREIMS. The
IR spectrum showed the presence of hydroxyl groups
(Vinax 3399 cm™). The 'H and "C NMR spectra (CDCl,)
of 1 (Table 1) exhibited signals assignable to six
tertiary methyl groups; one secondary methyl group
[8, 0.94 (3H, d, J = 6.7 Hz)]; nine sp’ methylenes;
one terminal methylene [0, 4.84 (1H, dq, J = 3.8, 1.8
Hz), 5.01 (1H, quint, J = 1.2 Hz)]; six sp’ methines
including three oxymethines [0, 3.24 (1H, dd, J =
11.7, 4.5 Hz); &, 79.0 (d)], [0y 3.96 (1H, dt, J=9.2, 3.0
Hz); 8. 74.6 (d)], [6 4.26 (1H, dd, J = 9.2, 3.5 Hz);
8¢ 76.5 (d)]; four sp’ quaternary carbons; and one
tetrasubstituted double bond [8. 134.1 (s), 134.6 (s)].
Compound 1 showed the same carbon composition
(C50H5005) and fragment ion peaks similar to those of
inonotsuoxides A and Bzf and inonotsutriols A and ]33.1
In addition, 'H and "C NMR chemical shifts of rings
A-D (C-1 — C-19) were in good agreement with those

of inonotsuoxides A and B, inonotsutriols A and

B, and inonotsulides A and égwhich have a common
lanost-8-ene skeleton. The planar structure of 1 was
determined from HMBC and 'H-'H COSY spectra.
The HMBC spectrum of 1 (Table 1, Fig. 1) indicated
long-range correlations between Me-18 (0 0.72) and
C-12, C-13, C-14, and C-17; between Me-19 (8, 0.98)
and C-1, C-5, C-9, and C-10; between Me-21 (&5 0.94)
and C-17, C-20, and C-22; between Me-27 (0, 1.76) and
C-24, C-25, and C-26; between H,-26 (0, 4.84, 5.01)
and C-24, C-25, and C-27; between Me-28 (0 1.00) and
C-3, C-4, C-5, and C-29; between Me-29 (8, 0.81) and
C-3, C-4, C-5, and C-28; and between Me-30 (0, 0.87)
and C-8, C-13, C-14, and C-15. The chemical shifts
in the 'H and “C NMR spectra of 1 resembled those
of inonotsuoxide A (6) except those of H-22, H-23a,
H-23p, H-24, H,-26, and Me-27 signals and C-22, C-24,
and C-27 signals. Partial structural units are shown
by bold lines in the 'H-'H COSY spectrum (Fig. 1).
Acetylation of 1 with Ac,0O/pyridine gave triacetate
(1a) (CyH;Oq, m/z 584.4069, calcd. 584.4077) in which
the acetoxymethine proton signal appeared at ,; 4.49
(dd), &y 4.88 (dt), and Oy 5.22 (dd). The results indicate
that compound 1 is a side-chain-cleaved inonotsuoxide
A, and its chemical name is suggested to be lanost-8-
ene-3f3,22,24-triol. The relative configuration at C-17
and C-20 was established as R and S, because of the
observed NOEs from Me-18 to H-20f3 and from H-17a
to Me-21 and Me-30, and the coupling constants of
H-17 [0y 1.46 (ddd, J 6, = 9.6 Hz, J,;,¢; = 7.3 Hz,
Ji720 = 12.7 Hz)] and H-20 [6y 1.70 (1H, dqd, J,,; =
12.7 Hz, Jy, = 6.7 Hz, Jy, = 3.0 Hz)]. The absolute
configuration at C-22 was determined to be R (Figs.
2 and 3) because of the significant NOEs for H-20f3/
H-22, Me-21/H-23a, H-22/H-23f and H-22/H-24, and
the coupling constants of H-22 [8y 3.96 (1H, dt, J,, 5,
Jrap = 3.0 Hz, J55 55, = 9.2 Hz)]. The configuration
of H-24 was R due to the significant NOEs for H-24/
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Table 1 NMR spectral data of inonotsutriol D (1) in CDCl,
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H-26B, Me-27, and the coupling constants of H-24
[0y 4.26 (1H, dd, Jy4,5, = 9.2 Hz, J,, 53 = 3.5 H2)].
One of the hydroxyl groups was C-3f3 as shown by
the chemical shift and the coupling constants [dy 3.24
(1H, dd, J;,, = 4.5 Hz and J; ,, = 11.7 Hz.); 8. 79.0 (d)].
Other NOEs were observed from Me-19 to H-23,

Fig. 2 Partial conformation for innotsutriol D (1)

H-6p, Me-18, and Me-29; from H-5a to H-1a, H-3a,
H-7a, nd Me-28; from H-6f to Me-19 and Me-29; from
H-7a to H-50 and Me-30; from H-12a to Me-30; from
H-11f to Me-19; and from Me-18 to H-203 and Me-21.
Therefore, rings A, B, and C in 1 adopted chair/twist,

chair/twist, and chair conformations (Fig. 2). These

IH-1H COSY

HMBC

.......
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Table 2 NMR spectral data of inonotsutriol E (2) in CDCI,
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data suggested that inonotsutriol D (1) is lanost-8-ene-
3f,24R,24R-triol.

The minor compound inonotsutriol E (2) had the
same molecular formula C;,H;,O; (M'; m/z 458) as 1
by EIMS. The IR, 'H, and "C NMR spectra (Table 2)
resembled those of 1 except H-23a (8 1.67), H-24 (8
4.36), H-26A (8, 4.94), and H-26B (8, 5.11) in the 'H
NMR spectrum and C-22 (8. 70.3), C-24 (&, 73.5),
and C-27 (8. 19.3) in the "C NMR spectrum. HMBC
and '"H-'H COSY spectra of 2 closely resembled
those of 1, therefore, it was revealed that compound
2 was the same lanost-8-ene-3[3,22,24-triol of 1. The
R configuration at C-22 in 2 was deduced from the
chemical shift and the coupling constants [, 3.98 (1H,
ddd, Jy, 505 = 3.2 Hz, J5, 53, = 10.2 Hz, J,, 535 = 2.8 H2)],
and from NOEs from H-22 to H-16a, H-16f3, H-17a,

Fig. 3 Observed NOEs correlations of innotsutriol D (1)

(graphical representation using Chem 3D)

H-200, and H-23f, which is the same as that of 1. On
the other hand, the absolute configuration at C-24 was
S because of the NOEs of H-24/H-23a,, H-24/H-23p,
and H-24/H-26B (Figs. 4 and 5), and the chemical
shift and the coupling constants [0y 4.36 (1H, t, Jp4 34
Jry23p= 4.8 Hz)]. These data deduced the structure of
inonotsutriol E (2) as lanost-8-ene-3[3,24R,24S-triol,
which is the C-24 epimer of 1.

Cancer cell growth inhibitory activities of main
triterpene constituents: inotodiol (3), trametenolic
acid (4), 3p-hydroxylanos-8,24-dien-21-al (5), and
inonotsuoxide A (6) were examined using the murine
P388 leukemia cell line (Table 3). Compounds 4-6
exhibited moderate cytotoxic activity, while inotodiol

(3) was inactive.
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Fig. 4 Partial conformation for innotsutriol E (2)

Fig. 5 Observed NOEs correlations of innotsutriol E (2)
(graphical representation using Chem 3D)
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Table 3 Cytotoxity of the metabolites from the scelerotia of Inonotus obliquus against P388 cells

Cell line P388

Compounds
ICso (mM)?

inotodiol 3 >100
trametenolic acid 4) 27
3B-hydroxylanosta-8,24-dien-21 al Q) 22
inonotsuoxide A (6) 30
5-FU® 0.33
2DMSO was used for vehicle

® Positive control

EXPERIMENTAL Material

General

Melting points were determined on a Yanagimoto
micro-melting point apparatus and are uncorrected.
Optical rotations were measured using a JASCO DIP-
1000 digital polarimeter. IR spectra were recorded
using a Perkin-Elmer 1720X FTIR spectrophotometer.
'"H and ”"C NMR spectra were obtained on a
Varian INOVA 500 spectrometer with standard
pulse sequences, operating at 500 and 125 MHz,
respectively. CDCI,; was used as the solvent and TMS,
as the internal standard. EIMS was recorded on a
Hitachi 4000H double-focusing mass spectrometer
(70 eV). Column chromatography was carried out
over silica gel (70-230 mesh, Merck) and medium-
pressure liquid chromatography (MPLC) was carried
out with silica gel (230-400 mesh, Merck). HPLC was
run on a JASCO PU-1586 instrument equipped with a
differential refractometer (RI 1531). Fractions obtained
from column chromatography were monitored by
TLC (silica gel 60 F,s,, Merck). Preparative TLC was
carried out on Merck silica gel F,s, plates (20 x 20 cm,

0.5 mm thick).

Inonotus obliquus is succeeded in culture in Salada
Melon Co. Ltd., Nayoro City, Hokkaido, Japan.
Sclerotium (4 kg) of I obliquus was obtained from the
above company in April 2005. A voucher specimen
(CG-03) was deposited at the Herbarium of the
Laboratory of Medicinal Chemistry, Osaka University

of Pharmaceutical Sciences.

Assay for cytotoxicity using P388 cell line

Cytotoxicity of inotodiol (3), trametenolic acid
(4), 3p-hydroxylanos-8,24-dien-21-al (5), and
inonotsuoxide A (6) was examined using the
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) method. P388 and HL-
60 cells were cultured in Eagle’s Minimum Essential
Medium (10% fetal calf serum) suspension at 37 °C in
5% CO,. The test material was dissolved in dimethyl
sulfoxide (DMSO) to give a concentration of 10
mM and the solution was diluted with the Essential
Medium to concentrations of 200, 20, and 2 pmol.
Each solution was combined with the cell suspension
(1 x 10° cells/ml) in the medium. After incubation at

37 °C for 72 h in 5% CO,, the grown cells were labeled
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with 5 mg/ml MTT in phosphate buffered saline
(PBS) and the absorbance of formazan dissolved in
20% sodium dodecyl sulfate (SDS) in 0.1 N HCI was
measured at 540 nm using a microplate reader (Model
450, BIO-RAD). Each absorbance value was expressed
as percentage relative to the control cell suspension
that was prepared without the test substance using the
same procedure as that described above. All assays
were performed three times. Semilogarithmic plots
were constructed from the averaged data and the dose
required to inhibit cell growth by 50% (ICs,) was

determined.

Extraction and isolation

The sclerotia of white-rot fungus 1. obliguus (Pers.:
Fr.) Pil. (4 kg) were extracted with chloroform (10 L) in
2005. Preliminary silica gel column chromatography
(3 kg) of the chloroform extract (153.9 g) of 1. obliquus
sclerotia was reported to yield five fractions (A
— E;g Residue C (30.2 g) was recrystallized from
MeOH to give inotodiol, and the filtrate (17.1 g) was
rechromatographed on MPLC (230-400 mesh silica gel,
500 g) using n-hexane:EtOAc (5:1). This was followed
by HPLC [ODS, MeOH:H,O (85:15)], affording
inonotsuoxides A (6) and B28 Subsequent elution on
the same column with chloroform:EtOAc (5:1) gave a
crystalline mass (272.8 mg) (Fr. Nos. 54-58), which
was subjected MPLC (230-400 mesh silica gel, 30
g) using n-hexane:EtOAc (4:1) to afford a mixture of
compounds 1 and 2 (52.6 mg) (Fr. Nos. 29-34). This
mixture was separated by HPLC [ODS, MeOH:H,0
(90:10)] to give compounds 1 (19.1 mg) and 2 (10.1 mg).

Inonotsutriol D (1). Colorless prisms; mp 292-294
°C (from MeOH-CHCI,); HREIMS m/z: 458.3766 [M]
(C4,H,,0, caled for 458.3760); IR (KBr) v,,, cm™: 3399
(OH), 2943, 2876, 1457, 1373, 1072, 1030; 'H and "“C

NMR, see Table 1. EIMS m/z (rel. int.): 458 (9) [M]’,
425 (3), 407 (3), 357 (75), 339 (18), 311 (13), 299 (8), 281
(7), 215 (6), 187 (8).

Inonotsutriol D triacetate (1a). A mixture
of compound 1 (8.6 mg) and Ac,0 (2.2 mL) in
pyridine (2 mL) was kept at room temperature
overnight. Usual work-up gave a residue (10.8 mg)
that was recrystallized from MeOH-CHCI, to yield
corresponding inonotsutriol D triacetate (1a) (7.3
mg). Colorless prisms; HREIMS m/z: 584.4049 [M]"
(C36H440q, calcd for 584.4077); 'H NMR §: 0.68
(3H, s, Me-18), 0.86 (3H, s, Me-30), 0.88 (6H, s, Me-
28 and Me-29), 0.90 (3H, d, J = 6.7 Hz, Me-21), 1.00
(3H, s, Me-19), 1.73 (3H, s, Me-27), 2.03 (3H, s, C-22
OCOCH,), 2.06 (6H, s, C-3 and 22 OCOCH,), 4.49
(1H, dd, J = 11.7, 4.5 Hz, H-3a), 4.88 (1H, dt, J = 9.2,
3.0 Hz, H-22), 495 (2H, m), 5.22 (1H, dd, J = 9.2, 3.5
Hz, H-24). "C NMR &: 12.9 (C-21), 15.7 (C-18), 16.5
(C-29), 17.5 (C-27), 18.1 (C-6), 19.2 (C-19), 21.0 (C-11),
21.2 (C-22 OCOCH,), 21.3 (C-3 and C-24 OCOCH,),
24.2 (C-2), 24.3 (C-30), 26.4 (C-7), 26.8 (C-16), 279 (C-
28), 30.1 (C-23), 30.8 (C-15), 30.9 (C-12), 35.3 (C-1),
37.8 (C-4), 39.6 (C-20), 44.8 (C-13), 47.2 (C-17), 49.3
(C-14), 49.5 (C-14), 50.5 (C-5), 73.2 (C-22), 75.6 (C-27),
80.9 (C-3), 114.4 (C-26), 134.2 (C-8), 134.4 (C-9), 169.9
(C-24 OCOCH,), 170.4 (C-22 OCOCH,), 171.0 (C-3
OCOCH,).

Inonotsutriol E (2). Colorless prisms; mp 292-294
°C (from MeOH-CHCI,); HREIMS m/z: 458.3762 [M]"
(C4,H,, 05, caled for 458.3760); IR (KBr) v,,,, cm™: 3421
(OH), 2965, 2877, 1457, 1375, 1051, 1031; 'H and "°C
NMR, see Table 2. EIMS m/z (rel. int.): 458 (9) [M]’,
407 (3), 357 (75), 339 (18), 311 (13), 299 (8), 281 (7), 215
(6), 187 (8).
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This paper looks at recent advances in the development of histamine H, receptor ligands and includes a discussion of
the following items: 1) Discovery of histamine H, receptor (H,R) and difference between histamine H, receptor (H,R)
and H,R. 2) Current situation with regard to GT-2331. 3) Binding affinities of known ligands in human (h) H,R and
hH,R. 4) Current situation with regard to selective hH,R agonists. 5) Current situation with regard to selective hH,R
antagonists. 6) Selected patent compounds. 7) Key hH R ligands as pharmacological tools.

Key words——histamine; histamine H, receptor; histamine H, receptor; agonist; antagonist

1. BUHIC H,R OAEFARREIPIHRIE & DR b Z i d
B, BEIRFIHR Y A ROBFRENBETH

1999 ~ 2001 FIIMF T, L AZX IV H, ZH 5. BAaREFEV, YO THRY I=A D
k HR) D/ —=2J ORI A2 IV H, % OUP-16 ZHHI L7=DT, ZORHMEZMANL, il
B (HR) OFENHD, HICHREHREY THREDEIRMWHR 7 AR TH B 4- AF )V
JZXMODFEELEL L EENICTEEEE NS LAZIYV (4-MeH) ey ryru—sik
27K (constitutively active receptor: A EAITE EIlZDOWTEMT%. —J7, Johnson & Johnson
2B ThdLOMEICKD, LAXZIVY (J&J) &, MR & A2 £5D HR

AV RBREIRERELFICHEDbDNZ. ZOHT, 7 YRAIZA N INJTTT7120 & Z Ok R E
N HR 7 d= A b & LTHE T iz GT-2331 LTWa. INsokeamid, —a—sIu7 >
&, HEEUKME - Z8)1EREE (ADHD) OiREkE L ZIZAFTHYH, HR OFRWA 2 N—A7 T
THIRS 2 B L CHEATED, ZDOHOE FD ZAMIRERHBIN TRV EEDNS.

H;R (hH:R) ZHW7edk i TiF, HeR 7 I =X k

TH3T EHEPREEN, GT-2331 OF A IEAL 2. H;REH,R VAR

LRI dH 5. wPNC GT-2331 OBLRICDNT

P71, BRI HR ) A RO EZDH 2-1. H,R DJER & HyR L OfHE

RIS TIBARTZ . HsR 1, 1983 4EIC Arrang 5lc kb FREINT

* KBRS 3G LARZE2, e-mail: harusawa@gly.oups.ac.jp
ARERFU, H 11 REHAC XX I V222 (2007 4F 12 A 14~15H, E1l) ORIV LTHHLZEDZH MR LTEEDTHS.
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7, 16 0D 1999 41 7% > T Lovenberg 5
K< b/ LERICIHEDNTHR DY a—
=YK LTz, #2000 4 & 2001 FEIC T
T, BEFRUCFETHARD 2 DD TNV —TE2EE
6 DODT)NV—=ThHh5HRDIZO—=2 7 DRI
PO HRIEDWTIE, 3l 1994 4
mmmg%H&}uaHﬁuﬂwtxaiyﬁﬁ
WOFEZIERLTED, 2000 Fic nzlHEE
L, HR ¢ ENizEaDTH 5.

H:R & HRZ, BLEEZE L BAsmZzH->
TW%. HRE, MAICEERETHET 5018
LT, HRIGEHE, REEMER GFEEER, &FER)
WKEWLN)VTHRE L, fic g, BN, 505G
NFICR BN (Fig.1). HR IZRIEICRD 500
TORBEDISD, FRYHINERAERT LIVF—
PRIBOIGEEOEN E AR E N, BHETRZ DN
IMEc 5% L iEbh s, HR L HRE, e 76
JEEGERL D G &2 287 AR 754K (GPCR) T,
Gi 2/t U7z c-AMP D FEAEIIHNIC X O e 7

TIVIREMTDNS. WREBIROT X/ BES O
FFRPEE, 21K T 40%, BEELEEBALT 60% & &
{, TORBHRIAYFOZLIEHR &BRIME
BRD. LA >THR YA Y ROBRICHENT
&, WA HyR 1299 <, HyRISH U THWERIME
EFRMEZFFO HR U A RZEFRT 2 MICEL
BEMTES, £ HRO7 3 /BRI, &
FENREWVWS, VAV ROFHGICE e FO HR
(hH,R) & & k0 H,R (hH,R) Z WV 2 B85 5.
2000 1T 1F, HaR AVHERITE P (constitutive
activity) ZR"9 C EMEEEY (v b)) THA)
R XN, T UL GPCRICHWTIAEIED Y
A2 FIMEELEL &SNS 7 IVRED
ELBLVSEDTHS. D, HRIIEE
b2 B EZER LT 2EONRT7I=ZARTHD,
HHIT2LOMA VN—AT7I=ZA KD, T
DFRICKY, ZTNETCHR 7V ZId=A e
NTERZLDIEEWE, RiFANN—AT7d=
ARTHBT NSRSz 2001 I,

Fig. 1. Tissue Distribution of hH;R and hH,R and Their Characteristics
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HR DHRTEELZ AR TH 5 T & M E
N cOX3Ic, 2000 ERIRICE R Z I VT
BRI T 28 LWIRAEDN W20, ZD1%
DA I VTABOWMZRIERKEERL, i
DETEHAS.

H,R & HR V7T REFD I DI F D
M AEE, FRETE S HWBE RN in vitro D
ENVEY FOBEEROCEAENS, 1T
SENCREI & ¥/ hHyR & hHR 125 F-.
ZDilzd, ENVEY FOBETIEHR 7 > 2T
ZAMEWmEEIN TN ZE DN, hHR ZE A
LiziilazfHnws 7 d=ARNTHB EWVIH
ENRONEESICEoT. TDXD IRy
L ORHEOHEA DR THEIC REED N 2D,
ADHD DSk & LTIt S N7z GT-2331 TH
5.

2-2. GT-2331 OHIK
GT-2331 (Cipralisant, Perceptin™) (%, 1999
4E1C Gliatech #EAY, €IV Ew FOBEZ AWV

GT-2331 ( Cipralisant, Perceptin ™ )

N

P Revised
H z (2004: Abbott)

SRR 5317 HeR 7> Z I =X - (pKi =
9.9) L LTRELEDTHS (Fig2). 2000 4
|13 ADHD D% 2 HIFREEJ2H U, HLR 24 &
L9 COEERBOEENEHEE N Ll
Gliatech #1:1& 2002 FICFFE L, Z DHIMELFEME
& Merck #ED35 [ EHWTZE DD, 2003 FICiTBH
RRWZ LT 20D A D S .
COMOEN 2 Aihimm X THNTH DB L, GT-
233113, 2002 4B k& hH,R T7 d= 2 k
LS E R, JE0TC IS, 2004 4EIC Abott 4
DOFFZEHIE GT-2331 DRRA K & I AD X
HOEMRIT O EAS, M O BEV I &
7Y 2% CT-2331 13, TNETO IR, 2R
BT, RETFVFA~—0 1S, 2S FiET
Hoiz. FizLeurs 5% hHR TIRREBWEM a =1
DR T IZ AN THSB T LAWE LT (2005).
B, EAEE (@) 1, b AR UDNZHEIRITHE
A3 THEINAZRANLEZ 1 ELEED
TH%.
HENRITR D DI, Abott D BRSO LLAEE

)

<:Ek RH C

N
H (+F(1R, 2R)

1999: Gliatech Inc.,: Potent H3R antagonist
( in vitro guinea-pig ileum )

[aJp + 140°

rat Hj binding affinity, Ki = 0.12 nM (pKi= 9.9)
2000: Phase Il for ADHD
2002: Bankruptey:

Its intellectual property was inherited by Merck.

2003: Suspended since 2003 ?

Fig. 2. Present Condition of GT-2331

L 4

2002: H3R agonist in both rat-H3R and hH3R

2004: Reassessment of Absolute Configuration

[a)p + 2775,
HaR : rat Hj binding affinity, Ki=0.26 nM

2005: hH3R; pKi = 8.1; pECgg = 7.7 (a=1)
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JED [a]p: +277° 12K U CItd Gliatech #D & D
13 +140° LK BHEMAGEEHIL 50% ee T E
T, L7zh> T Gliatech #1D GT-2331 &, (1S,
2S)-eutomer & (1R, 2R)-distomer @ 3:1 {& & ¥y
Th-olBbns. BifE, FEOEHNS GT-
2331 L ENBEDMRFEENTVAE LS TH S
W, TNZREHERICHHT 2550, Fafictt
FECEEOYEER 2 F = v 73 %75 EEEREZ
TREND 5.

3. BFOhH;REhHR VA Y RDFEEH
O

Z{DHRIYHVFIF, LARXRIVDAIXR
Vol ma7—r LCHRENT T feicib
Nfz&21g, HRVU AV FD%£<1F, HR DHik
59 HR &&BMMZFFD. Table 112, B AX
2 U NOBHED hH;R VU A2 RO hHiR & hHR I
g BEEABHMEE a HICDOVWT X LT,

L A% 3%, HR~ HR OHEL@ONKENY
YRTHBH, TNSO GPCRICHT 2B
FNEFNHEEZ->TW%. hHR & hH,RIZ, B A
ZINCT B pKifidZEN N 42 & 43 L5
WA, hH;R & hHR Tld 7.8 & 8.1 L&tz
BIKT, hHR G A Z 2 icx U TiR® @0
EMERT. Ra-XAF )L AZ IV (RAMH) 13,
hH;R T pKi fE & 8.6 T& % A%, hH,.R T 100
5O 1 FHOEMEOS— vy L7 I A+ (pKi =
6.6,0=09) THs. TOXIITHRI AV RIZ,
W HR TRBAMEN< %%, HR7 =Xk
THBAAEY T, £ AT 1w & HR TEFRE
IERZOTS—Y v VT AN TH 5.

raxXy 7oy & FART IR, K
HR7VZ2dZZArO7a k24 TednNT0iz
7Y, HaR ORERITEEOMERRH, I HaR Tl
VN=RATAZANTHBHT Mo, TDA
ryaxXy7yay M, hHR TlREIC7d=X
F(@=0.8) & LTIEHT 3. —/5, FAXTIIF

Table 1. Binding Affinities of Known Ligands at hH,R and hH,R

hH;R hH R H,-agonisim
(pKi}) (pKi) a

Histamine H; / Hy agonist (/

N
H

RAMH Hs / Hq agonist <,N1r\’
M
N

H

]/\/NHz 7.8 8.1 1.0
(Cf. hH,R 4.2; hH,R 4.3)

NH, 8.6 6.6 09

L ¢

(1/100fold )

N NH 9. 77
Immepip Hj / Hy agonist ¢ Er_C 3 08

A dik
Imetit Hs / Hq agonist ¢ Ir\’ . 9.2 85 09

Hs : inverse agonist

Clobenpropit H, - agonist équv\s
N
H

Thioperamide  Hs / Hy inverse agonist é‘l]/CN ”_O 7.3 7.2 -1
N
H
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&, hH;R & hHR DDA Y IN—=A7 =K
b (a=-1) TH%.

WINEEZ T ZCT, ODF T LHLEHED
57 AFITF I RarsrveTYaL Y
L, 204 BTN TEOK L. Zh B
Xleow FOMERWSE A 70X AT Y AT
#HNB L, 2R, SREEZFFDOAMAITIIVICD
BRI L AR 2 Vil A Ay T LA E T
WX HR 7 I MEEERILE. X5
IZ, & & Leurs 5 (7 LATIVE LEHBIRE) 1F,
HFALTA 2753V ROZDFEIRD hHR &
hH,R IZX 9 % #5 & 8IFIME (binding affinity) & B
BEPERHMIG (functional assay) Zfr>7z& 2 5A, 13
753 0%, hHR 7 3= T, hH,R & b 45 {5
WS DTH oI, —F, FRENC LI2, Z0
ALRVEIVETIZARNTHD HELE 27T =Y VEEER OUP-16 &, @I hHsR
(2001). (PECs: 5.5 0t = 0.8) & O hH,R (pECsy: 7.1; a =
—71, BERBA IR =)V EEEE L THRHD 1.0) IC 41 5O 2RO T =AM TH B
C X7 LAY ROBRERTZ ORI CLEWBINE Lo, ik DFER LT OUP-16 I
o TWEDT, ALY AIVEF TR hH,R I 2 O RAIOT T2 2 R Th - -
075 VERICHMAL T & T, HRICH LU THE 7o, & 51T OUP-16 DRIFRME AL S BN BAFE
F 2 3 KRR 2 1% © L AR B O T/ Lz,

4, (HLR7J=X k

4-1. FH)OFERK hHR 7 = A  OUP-16

1999 ELLATIE, HR D7 a— v Eiffiid 7 <,
ELEY FOBREREHVTHRY HY RO
HEMN TN RGENZ Mo 7z, 1995 i
Timmerman 5%, B A% I VOH§H%E C, »
5 C TR LA LRV ZI VI, WHET Y
K= MEMETRT L s L (Fig. 3), %
WZE 7 V—71%, hH,R Z W TEHE L 72355,

N 1 5
NH
T .
N o NH, o N_ N—CH;,
H Impentamine % Ner New Y
(j] —> (:ﬂ NCN
N N
H H

Yamatodani, Leurs et al. 2003

Timmerman et al.
1995: Potent Hz Antagonist
2001: Potent H; Agonist
hHs: pKi 8.3 (2R, 5R)-trans-Imifuramine OUP-16
hH,: pKi 6.4 (0. = 0)
Hs R:pEC5 5.7 (a=0.7) HsR :pECsp 7.1 (a =1.0)2
H3R:pECs 74 (0 =1.0) 45 fold pKi 6.9b0 #1101
ol

Nf\m4<;; HyR:pECsy 5.5(a=0.8)

}wﬂxfykd pKi 5.6

Hd bH # The pECs; values were determined by the inhibition of the forskolin-stimulated
{1 uM) cAMP production, expressing the human Hy and Hs-receptor in SK-N-MC cells.

Imidazole C-Nucleoside b H-receptor competition binding was performed using [*H] histamine (10 nM).

Harusawa ef al. 1996

Fig. 3. The First Selective hH,R Agonist: OUP-16
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C T T Leurs 5 W7z hHR & hH,R &, 7»
IR O JE A iE 15k 0 SK-N-MC #fifidic hH,R & hH,R
2L LACRHIRRE LT DTHS. C
DFEIF JIEMWHFEL, Kifz2FDE DT,
Leurs 5 WL HITORZDEHANED SN T
WA5EDTHoTz. TD, SK-N-MC a7z H
W3 EHEE WS T E DK S J&J # & Leurs
5M, TOHKDOHR YA Y REFEDIZEAL R
MEGCED B T L Eixo T,

4-2. 4-MHA & VUF 8430

AR XV OREEDENLIC X F)VIEZE AT %
& HR~ HRIGERMZRD 7 I= X M 2ED 77
BT ENTES. 22MHA X, EIRWHR 7 I
ZARTHY, 7IHD afiRFICAFIVEE
AN RAMH &, HR 7 d=A rD7a b &4~

Leurs et al. 2005

TH%. 4-MHAZ, HWVHR 7 I=Z k (hHR:
pKi=5.1) EEN TV, Leurs 5%, 4-MHA O
hH,R & hH,R IZX9 b G -AIME & etk R 2
SIS Tz SK-N-MC iz Fi 2 Tk TRz &
%, 4-MHA & hH,R DR 7 T2+ TH %
cEEESMC L. T O8R4, 4-MHA & hHR
(Ki = 5200 nM) & » hH,R (Ki = 50 nM) T 100 £%
DL OBRINEE R T LB E o T, E
Tocris %1, 2006 4F & D 4-MHA - 2HCI % 3¢ 7%
LTW3.

Leurs 5%, E5ICCOWMFEDHTHR 7 d=
A+, 7Y FAhHR TEMEDS L7 I
ZAMEM (pKi=6.5) ZRT T D, THICH
EEEMEEED . O TV Yy ROV RFILT
2/ HE X IR O T T = V)V A E R
Lictse, 7dZAMEEZHEL<E5EDD (pKi

HiG NH, hH4R : Ki =50 nM - hH4R: pKi = 7.3
NVNH
hH3R : Ki= 5200 nM =~ —— hH,R: pKi = 5.1

4-Methylhistamine

Leurs et al. 2006

|
Me

dimaprit: HzR agonist,
H3R antagonist

hH4R agonist: pKi = 6.5

Fig. 4. MHA and VUF8430

hH4R agonist: pKi = 5.1

(oh] NH

Me\N/\/\S)LNHz = HoN u/\/\s/u\NHz = e \n/N\/\s NH,

NH

VUF 84304
nonimidazole H4R agonist

hHR : pKi = 7.5
hH3R : pKi = 6.0 ] 33foid
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=5.1), MHERKEEE —DEL LES-2- 77 =Y
JWIZFIV) AV FA T L7 (VUF8430) &, hHiR
(pKi=6.0) &£ ® hH,R (pKi = 7.5) T 33 {5 DR
%R LT, VUFS430 1, UIOIEA I & —)
hHR 7 d=ZA +TH%.

4-3. yayerryra—5

NIV T Y VIEEATH 2 kiR 7 oy
EX, HRFEROFIIADELRE T HaR ISHATTED
m<, HWENSE HRFERN7 =AM LT
%ﬂ%h“(b‘?”g.{)) Leurs 5%, 7Y ErH, KD
GPCRICH LT YRXId=ZA ML LTIEHT A C
Sk E RS, hHRICH UCHEMZAE 7 = b
(pKi=6.8; pEC5n=6.7; 0= 1) THBZ L ZH
HTHEHE LT, 20T, 7O¥EynI7
EVEONDO—DEOICEBRLEAFTFEE Y

2001 2006

(\ Me

N

z

T, ZO7d=AMERHE EARLE &5
I, WEZBMMND THICEBLET7- 700
IRV FHLE MK, hHR7 = A b
(pKi = 7.6; pECso = 7.7, = 1) Tdb D, hHR
(pKi = 5.0) & b 330 fEOFRM 2R LI, C
DINYVFFHFEE I, hHR (pKi = 8.1)
WXL T, hHR KO &5 5 EoBittz &
bEFD. HR & HRICHKICEHT S L W»
5 &, hHR & h(HRD X7 )7 1w 71
XZH LR A TOHT LIVF—HIDBRFEIC B
W B AHEMED S D BREN. T DOINV Y FF
YL L, KBRS hHR 7 V2 T=A b
D INJ7777120 £ ERB & N-AFILERT Y
veruuNyE A ETH D, HR D
T7—=xAT+ 7 ETIVCHT 25738 E 52T
V5.

Me

r4
zZ

SR

N

Cl\@:ﬁb g cn\a@:b g ] }C(:\
H

Clozapine
hH; R: pKi=6.8 hHsR: pKi=7.4 hH4R: pKi=7.6 ~———
PEC5 6.7 (0 =1) PECs 7.7 (a = 1)
. Dual Action
hH3R: pKi <5 hH3 R : pKi=5.0 ( 1/330) Ligands

Structural Similarities

hH, R : pKi = 5.1
hH R: pKi=8.1(5fold)

C——> Pharmacophore Model for H,R

JNJ 7777120: Hy antagonist

Fig. 5. Clozapine Analogues
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5. (HLR7Y5% =Xk

5-1. JNJ7777120 & JNJ10191584

A DR /@M hHR 7 > &2 = A b
INJ7777120 1%, 2003 4EIC J&J +E DO W72 Bl Ay
LU WEIE, HRICERMEO™m A 35—
WaHEILAEM T, HR OERIERE Ttk
WEWS IS, HEOILEMZ 4750 —0
HSIEAL I 2V — )ULEW 7RG, NA ZA)—
Ty NAV V==V TT, U—REmeixs A
YRU—IWERS YU ERDF . OB
¥, hH,R T Ki = 38 nM, hH,R T Ki = 9000 nM
DOFEEHMMEZTR L, 240 £50 hH,RERM: 2 £
D, TOVY—FDSARD S 5 MICHEREZ A

HTS Screen of 2003
Non-Imidazole
Compounds

[l Hit
SAR
©f\>\,(
N NH
N _/
H o

Lead: Indolylpiperazine
hH4sR; Ki  38nM
hHR : Ki 9000 M ] 240 foid

2004

EHIEN-AFIVEXY I E LK IN]J7777120
(hH,R: Ki = 4 nM; hH,R: Ki = 5152 nM ) &, hH,R
& hH R D 2 A 1240 £5 0 @R hHR 7 > &
d=ZAFTHoT. THIC, A1V F— )bV
RA AV —)UIC LTz JNJ10191584 ZH&E L
7’2%'455NJ10191584 (hH,R: Ki = 26 nM; hH;R: Ki =
14053 nM ) (&, hH,R & hH,R OERM:IE 540 %
EINJT777120 KO HZM, 7 FHNICA I ZY —
VEBN & FE D72 “ DO N THME#T % H
ZEMAZEET, WENEENS. J&J HHBATE
L7225 id 2007 X DK E LTHEEINT
W5, JNJ7777120 1%, Sigma tt7Z2 3T 6 thin 5
AT &, KICHTAETDMSO ICTAfRT . Fiz,
IJNJ10191584 &, Tocristk& & 95—tk b <L
AU E LTHRAEIN TV S.

s DN ew, JINJ 7777120
\__/

Iz

hHR:Ki  4nM(pA;=7.4)
hH3R ; Ki 5125 nM 1240 fold

Supplier : 6 companies
[ e.g., Sigma ( H,O: insoluble, DMSO: 21 mg / mi ) since 2007 )

[] o=

Cl N
MN  NCHy JNJ 10191584
N —/ ( VUF 6002 )
[

hHR;Ki  26nM(pA;=74)
hH3R ; Ki 14053 nM 540 fold

Supplier : 2 companies
( e.g., Tocris: maleate; since 2007 )

Fig. 6. The First Potent and Selective Non-imidazole hH,R Antagonists
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—7, Leurs 51&, JNJ10191584 &[A—{L&)
% VUF6002 & LC R #S Lie, 5 1d &
HlicZNSOhHR 7 2 3= X b OFEfl 7z 388
HEEEITRV, b3 Za— o7 r&2d=

13,45)

AbTHBTLzW5hE L.

52. FL/¥Oa—)LERYIUHIARFIT IR
E2-T7Y—IRYYAL IRV )L

J&J #E1E, INJ7777120 DV ¥ VB 7% FF

TJrVICEBLUEDHR T VY AIZA N, FL/

Yo—)LEXRY IV HVRFT T I RERE L

46

(2005), FAT22DS EET—LO N HFE LT

2005 CH,

7

N
o~ 3~
N 0]
TR
Ki=25nM(pA;=7.9)

2-Arylbenzimidazoles: n =1-2; Ki=1-93 nM

(N
\) head-to-head

Re Rs
R N

peasy SANe
R N n

i1 7% A < head-to-head ! (hH,R: Ki = 25 nM) &,
Wi & D& D% head-to-tail ! (hH,R: Ki = 3 nM)
&, £&IC hHR OEBIEMETHS. M5,
THIC 2.7V — IR A I 2 —)VZE
Ul e s ABHIE NAF LR E VRS VD
DIF hH,R TKi=1nM &9 BWilizER LTz

5-3. Y7 7unNrEiciE S HR 7 2 d
ey )
FHHE B, 2- 73 /2F )y rasa)lA
I HY =)L [(1S, 29)-cis-AECI (Ki = 1.31 nM)] 7%,
ERWHR 7 I= A FTHBC LERML, 7

,CH;

(7
N\)
al \Sl N head-to-tail
N O
H

Ki=3nM(pA,=7.7)

Me

Cl
-
Me ﬁ \//

N-Methylhomopiprazine Compound: Ki = 1 nM

Fig. 7. Thienopyrrole Piperidine Carboxamides and 2-Arylbenzimidazoles
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NEEICY 7a7ra S UEOV AR E & AISEBK
ML OMF 21T o T2, ZORERE, N7 o)XY
JIVE T FiD (1R, 25)-trans-CAIC A5, hH,R (Ki =
8.4 nM) & hH,R (Ki = 7.6 nM) Qi 7 &2 d
ZAMEMZRT T L, THICTIR, 2REEZFF
BHIEE7Z 1 £, S LTz (1R, 2R)-trans-CAIC I,
hH,R 7 > % 3= A k& LT hH,R (Ki = > 1000
nM) & » hH,R (Ki = 118 nM) T 8.5 {55 &g
Ve © & el LT

2006 “
J
N '-...' ''''' H H
N
(1R, 2R)-trans-CAIC
H ﬁ
N
Q:J/Cx\/\
N~ ™. H
N
(1R, 2S)-trans-CAIC
2003

N
H (18, 2S)-cis-AECI

Fig. 8. Cyclopropane-based H;R or H,R Antagonists

6. FEHEEY

FarRahot o5 HR 7 v 2= A M7zl
% &, Bayer tL & Pfizer £/ 5#H1 LW HEE 7 +5
SEDELT2 T3/ EYYS &4 TILELT
CYVVE NRBNRS £7e, NI LAY
KDORYZAIZT = RFT ) A TR
NH3b. T, EFRFICEL Janssen (DO R U 7

hH4R antagonist

hH4;R : Ki= 118 nM
hH3R : Ki = > 1000 nM I > 8.5 fold

hH3R / hH4R antagonist
hH4R : Ki = 8.4 nM
hH;R : Ki=7.6 nM

selective H3R agonist

H3R : Ki=1.31 nM

Vol.3 (2009)
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2005

ﬁ N—Me
Br @ N /__/_\._/
| \>—§ >_°
Br O N cl Me o

Fig. 9. Patent Compounds

e 54) R
J—)UA 2R —)U & Astrazeneca ttD 7 L ¥
W 55) » »
NV ALEY IR ENR SN,

7. EbDHIC

TCT, Y- )L LTHHATHD, HD
BATERVAH Y R2EedsbE, HHR7IZR
e UTWE4-MHA, —a—FI)W7 U ZIZR B
&L, JNJ7777120 & JNJ10191584, hH,R
EhH,REFED A VIN—AT7 d=ZA M LTFA

2007 hllle
)
G,
N7
|
4 ) N™ N
S
2004

2005

RIIRZHITSTENTES (Table 2). 7535,
hHRGERW A 2 N—=ZA7 T A ME, SEOH
BTIREZMHRTERD o7z, J&J #1:D Venable
& Thurmond &, BN 7=kFizH L, 2005 F<
BVETHEL ELHENTVE. AT, ©
N7ZEEE Z 2005 FLUE DM 7 & A DRI A
HRZEnZ .

H,R (&, 2000 FICHERENTLLR 8 IR S
H5ELTWVEH, BIEOHR T VZIZX Mcxt
LTCTHR 7 > RZIZA AT LWERBEF ZFED
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Table 2. Key hH R Ligands as Pharmacological Tools

In vitro Ki Values (nM)

Agonist Neutral Antagonist Inverse Agonist
4-MH JNJ 7777120 JNJ 10191584 Thioperamide
hH4R 50 4 26 27
hH3R 5200 5100 14000 25

P77 LIVF—RI & 72 2 AT REED IEBICHH B M E
NTW3. 5 L, AL AE &3
B9 5T LT, AENMSENTHRY A
VENAIMENZ L 2T 58D THD. T
D/NCHY, hHR VU A ROMFEORIEICEH ST 5
T EMHHRDZELEFED TR ETIEERN.

W AREZLDZICHE-T, KK
KRB 22 RS R ORI s B ARG R ni e
DRIAEEEZ L2 i E LI THE2 D
L L BP9, HFIRZEZHOREAM]
Mticix, THEEVEREELFEL EFET.
Xz, VIVT7 Ly T 7 —<OIRAREZELE T
H#E I, BIEkURErAERE Tz
WelZ 2 BB UE T, X SICKBCERRIRED
ST A ED S IR A 172 LT
e ELR L B ET. RiLlC, b5
TEICENIE LTz B iin K%
HEBR, WAZEZRFICHEIEHORZR L X
)
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Therapeutic Role of 5S-HT,, Receptors in Treating Extrapyramidal Motor Disorders
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Serotonergic neurons play an important role in modulating extrapyramidal motor disorders such as Parkinson’s disease
and drug-induced parkinsonism. Here we reviewed the actions of 5-HT,, agonists in animal models of extrapyramidal
symptoms (EPS) and discussed their therapeutic potential in treating EPS. 5-HT |, agonists (e.g., 8-hydroxy-2-(di-
n-propylamino)tertraline and tandospirone) significantly improved various types of EPS including antipsychotic-
induced bradykinesia and catalepsy, and dopaminergic neurotoxin-induced bradykinesia. The antiparkinsonian action
of 5-HT,, agonists was blocked by 5-HT,, antagonists (e.g., WAY-100135), but was unaffected by cerebral 5-HT
depletion with p-chlorophenylalanine (5-HT synthetase inhibitor). Immunohistochemical studies revealed that 5-HT,
agonists preferentially reduced antipsychotic (D, antagonism)-induced Fos expression in the striatum and the core
part of the accumbens, the areas presumably related to EPS induction. These findings suggest that 5-HT,, agonists
stimulate postsynaptic 5-HT, , receptors, which region-specifically counteract the D, blocking actions of antipsychotics
and alleviate EPS. The 5-HT,, receptors may serve as a favorable therapeutic target for the treatment of drug-induced
parkinsonism and Parkinson’s disease.

Key words——5-HT |, receptor; extrapyramidal motor disorders; antipsycotics; Parkinson’s disease; Fos expression
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TD 5-HT 1 XBERIEFHDORIFER ENDH T 5

I, o b iR ORI K D, K N3, INSHFEEHNZBEBICE ST, ThE
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#HERLTWVS (Fig 1A). —J, o b=
ROEREZ NI % 5-HT ZAKITIZH 15 D
YT AL TIMET B, B ZEEY T & A
TiE, ZTOMBENY 7 FIVEEROEVICXD
5-HT, ~ 5-HT; Z&AD 7 I KAl Eh, T 5I
5-HT, Z 7 &1& 5-HT,, ~ 5-HT,; Z Ak, 5-HT,
LRI 5-HT,, ~ 5-HT, ZARKICHI T SN 5
(Fig. ). €D 5% 5-HT,, AWK, 7 BIEE @
RO CEAMLRAZAERTHD, G, BALHE
LCT7 FoIViEY 7 5 —Xita il s c &,
FINERFREA Y T LF v 2V EERIE LT

T G § 5 C L AHIB TS,
5-HT,, ZAMRIERLREER 5 DI ORI ) T
ELTELAEEINTE D (Fig 1B), ikl
HoT, ORI S—F > VIROF =5k
Bix—7y hE LTHHAE NS &3> TE
7 BRI T NET, 5HT, ZAKOHEKIE
KB B 2 EENCEE L, e 0BT
TV 7% T 5-HT, fFEI3EDEH IS DWW TSR
L& AT, MR THELNMRE
DIC, SRR RRC 3513 B 5HT,, 2
(ROTE & Z DI FHEIC OV TS 5.

Fig. 1 Serotonergic neurons and 5-HT receptor subtypes. A: A diagram of the serotonergic neuron

and synaptic transmission. B: Classification of 5-HT receptor subtypes.
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2. RIS UHRR EBENRRESES

SR YNSRI BI B DI 1, TPRE 1S 3
VR RA TR R R LTV B, AR K
R VBRI T b LT OB — R,
@G — KR BT, @ — KRR
@R T — 4 F R D 4 D OHHH B AE
3 (Fig. 24). 05 BOBE Mk K3
VAN RS SR (3 & U CRRIEE

3,

) ORI >T V%, T O BE— Bk
RS ARV - BET B L8 —F Y U
PR L, ) - I - IR - S
P IR & T T A S R A
B % (Fig 20) . £7:, ok ombiic
WBNBE L OFREIRIEIC L > T, Ak E
22 D, SAADBEMIC KD < S S— % >
VAR RERNIEIET B (Fig, 2A).

SR ILES AR DTEBNTAK G b % S tkIE, AL

Fig. 2 Brain dopaminergic neurons and regulation of the extrapyramidal motor

functions in the basal ganglia. A: Main dopaminergic pathways and

extrapyramidal disorders (i.e., drug-induced parkinsonism and Parkinson’s

disease). B: Neuronal network regulating the extrapyramidal motor functions

in the basal ganglia.
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Ehb 7RI VBEROBEEA L, BER
BN DS RS VRO N ZZ T TV
% (Fig. 2B). X7z, MSRMAENICB M E=Z 2 —nH
YELTHERDOT FIV Y ViR LT
BY, MDD X NS HITE GABA %I
RS Ut & 7 F L a ) U ahfic & B K
IR ZZT TN, BRSO, BE
BB X OCHIKICEES N, TR E— R

s B — KB EL D B — T Z TR LT B

(Fig. 2B). BIZ X/ R—F >V HEDOGE, BER
PN UAERDENE U THRERIR RS VBSRENME R
T 5L, MHMIICT 2F )Ly v iRiEB A ENL
IC72 %, [AREDBISRIIFUSHRIRIC X > THIZEMAE
D, ZABAEDERE NG EICEETH, S—F
VR K CEEINE S—F Y IERBEDIRHRIC
7 Fay) VENLEHENTWS.
—77, 1990 FELIRRICE > Tkl b= ViR
DEBEMIZE D HE R, FFIC 5-HT,, AW IC X
% SEARS S REB B H OSEER RANEH SN TE
7 e nETI, o b S R RS R
THENZ HPNCHIE U, 5-HT,, 2R, B2
B RS Ui OFA ikIEE)) 2T 5 C
&, BREIRTO RIS VRN D RISV
B IS C L ERVEIB TS, UL,
Z DD 5-HT ZHAKY T % A T ORI B R IE
FIEREIC MIFTHE L ZDA N A LICDNT
&, RIEAHZRDZ.

3. 5-HT,, FEIED#ENBEENEER

CNE T 5-HT , (FEIESEN TR MR IRIC K 5 4
2L —1TFEENNIT 2 C LI MEINT
=27 UL, ZOMABFIE OV TIE L
FRBEBNT VD ST, £, CRETO
BT BRT 27 2 LT o — B A5
FMETIEHZE DD, FORIGFEMEZZ L
<, 5-HT,, fEENIE D BRSNS B 1T x0F 9 2 3 3R

ICDWVWTHELICHERT BEN Doz, T T
RRBFTIIF2T7 (FH) FMETH S KR—
T A RRE, BBOET IV EHWT5-HT, F
B OEH Z 3l L T & . K=V T A+ TRQ,
< A& BB T I AR — )V OJEERIC Fh) &I
E, @I N RICEE S 5 DI T B [Aliigh
il (Tturn) &, JRIIE TR T 2R — )V N
il (Ttotal) Z&tHId % (Fig. 3D). /PIBIZEK>
TRINCERENTGGHERTH D, FI3I o pifk
# O 1-metyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) I &k 5 HHE R/R X ‘/*EF‘fx@[;% KT,
7WZ®£—W@T%@@LE?%.%@%,§
<®#%Wﬁ%ﬁmﬁ#ﬁﬁ@ﬁﬁkmbf%
R T T VR T RFERT B EREAL,
PEARI SRR E OF IR & L CTEIEILSFIAENT
W5,

Fig. 31c, R—)L T A McHF % haloperidol D
TIIVFRITHEFRIEME, ThICHT 2571
Fay) vk (trlhexyphenldyl) B & U 5-HT,,
V) HE D1 %T‘d‘ < 77 A1 haloperidol 7% AL
&9 % &, Tturn 3 K U Ttotal fE & H 2 KIFHIC
FRHLU, oL RT I IVF XV THBSREI NI,
C @ haloperidol IC & % 17 8y & (& Hi/3— F >~
Y VIR FED trihexyphenidyl & O FHIC K > T
HicAESI N, —J5, BEIRWE 5-HT,, FBI3E
T & % 8-hydroxy-2-(di-n-propylamino)tertraline
(8-OH-DPAT) ¥ & U tandospirone DfE Z 5t L
ek, WIhotEYE haloperidol D7 Y
FRYUTFHERZAREICUET ST EHREN
7z (Fig. 3). [FAIKED 5-HT,, fEEHKIC X % &1
haloperidol Ic X2/ 2 L 7> —RBUCHBW T & 1
BEI 5HT, RO T 5 V% 37 Uik
HiZ, trihexyphenidyl DXIHRICIEHT 2 & D TH
D, 5-HT, (FBIEEMRIRIC IO T B HHIPE I —F

N EERHICARITTH B T EWVRBENS.

EH5IT, NI VMROZENZMHS N—F
Y IR ETIVICE T B 5-HT,, fEBIHE DR R 72 1
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AT AHMNT, ERMAZ I VHEHTH D
MPTP Z W TRV RICT TV F 2T T 2 ikFE
E7z. MPTPIZIMNTE /7 X VIB(LE#3E B
(MAOp) I & > T 1-methyl-4-phenylpyridinium

AF > (MPP") IZZ8#aE N, RREIC R/ S
FICHDIAE NI, R POV RYUTVEALER
2P Uit a2 589 %, MPTP (30 mg/
kgZz 1 H 11\, 4HBEKRS) B XD EHkE

Fig. 3 Effects of the 5-HT,, agonist (i.e., 8-OH-DPAT) and the muscarinic acetylcholine antagonist
(i.e., trihexyphenidyl) on haloperidol-induced bradykinesia in mice. A: A dose-response of
haloperidol-induced bradykinesia. B and C: Effects of trihexyphenidyl and 8-OH-DPAT
on haloperidol-induced bradykinesia, respectively. D: A diagram of the mouse pole-test.

*P<0.05, significantly different from respective control value.
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Fig. 4 Antiparkinsonian actions of 5-HT,, agonists (i.e., 8-OH-DPAT and tandospirone) in various

animal models of extrapyramidal disorders. A: Antibradykinetic actions of 8-OH-DPAT

in the dopamine-lesioned mice by MPTP. *P<0.05, significantly different from the control

value. B: Antiparkinsonian actions of 5-HT,, agonists in various animal models.

EHREN =B FIV T 5-HT, fEBIERO/EH &
R—=IVT A MK THEILIz& T A, 5-HT ) E
B3I MPTP 37 9 VF 2 V7R LT AR
R LT (Fig. 4A).

Fig. 4B I, TNE CICHF LS EHYMET

VI 3315 % 5HT, (FBI DR % £ L5,

S5-HT , fF#I3E, BIdA LTS VFXIT B
KUOHRZ LT —HEOM, FRIVHR#HED
6-hydroxydopamine (6-OH-DA) 7% R/S3 2 fifif%
BEICHEA LTl RS VIHEET IV, £/ 7
SUMEBETH S LIV EVICKDFERK I NS
BERISH L TH, AEAUEEMNZRLUE.

4. 5-HT\ FBIR OGN EETHEA D=
AL

1) 5-HT,, Pk

5-HT , fFEISE D UGEIEH A, 5-HT,, XK Z
NUENRILTH S 2D 2 EHNT, FEIRK
75 5-HT,, H §i 36 C & % WAY-100135 0 %) 5 %
Mt L7e. WAY-100135 % 5-HT,, {EBhSE &
B LR, HoL7 2 McBLTRH BN
5-HT, PR OSEEH I A RICH T E 7z (Fig.
5M). Fiz, HEAL T V—iBRICBWVTEAMED
FERDE SN, SHTMEEEOHTIA XL T —
VEF 13 WAY-100135 12 & » THifi = N7 (Fig
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Fig. 5 Reversal of the Antiparkinsonian actions of 5-HT,, agonists by the selective S-HT,,
antagonist WAY-100135 (WAY). A: Effects of WAY on haloperidol-induced bradykinesia in
the mouse pole-test. B: Effects of WAY on haloperidol-induced catalepsy in mice. *P<0.05,

significantly different from respective control value. “P<0.05, significantly different from the

value with 8-OH-DPAT + haloperidol.

5B). TNHDFERN 5, 5-HT,, fFEEEDHEMRSY
P GEAE DY 5-HT,, ZAR O (L Z T L
IS TH % T LR E k.

2) p-Chlorophenylalanine (PCPA) I &k %tn

b = AR L5

o b D Ui RER AR I A2 A L TR
D, T Th SR DRMNEBALIC A2 B L
TW5. —Jj, 5-HT,, ZAEKERERZOLO k=
VAR AA IS S B 2 F 7 A 5-HT,, H
OB E, RO T F T AR EICHEET %
> F T A% 5-HT,, READ 2 FNFET % (Fig.
1A). ¥ 7 A 5-HT,, A& ZAHKE, &u b
VR E B @ 7 JE X 2 JTHI 9 % negative
feedback FMED—D & LTHIZE, L k= /wikk

TR LTS, ZFT T, 5-HT, (EBSRO
RV ER B UGEER A, > 7 Ani 5-HT,, HE
ZHRRE LGV F T A% SHT 2B D ES
LZNTBRISTHEMZIHEMTT S HT,
5-HT &k EIHK TH S PCPAIC K% 5-HT 4
SR R AT,

PCPA & 300 mg/kg Z#¥c 3 HI# 3 [RIRIEN
B5. U7z, Fig 6A ICHRIEMZICB T 5En h=
VR D2 b 2 7R 9. PCPA ALiE#% D
IURATIE, kRO T b= IS
WAL TH D, PCPARED 5-HT Sk MIfa s
EPBEKZRG LT BERED 10 % LR THh -
oo RS, TOES At k= UREEY
THR—=IVT A MZITo 1, SHREYO%E & IH
FEIC, haloperidol I &% 75 Y F %7 1% 8-OH-
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Fig. 6 Effects of cerebral 5-HT depletion by p-chlorophenylalanine (PCPA) on the antibradykinetic
actions of 8-OH-DPAT. A: Loss of 5-HT-containing neurons in the dorsal raphe nuclei

by the PCPA treatment. *P<0.05, significantly different from the saline-treated group. B:
Effects of 8-OH-DPAT on haloperidol-induced bradykinesia in the PCPA-treated animals.
*P<0.05, significantly different from the control value.

DPAT I X » CHEFICEE iz (Fig. 6B). T
X2, S-HT W WEHERD T S5V F 27 SEBEH
Mo b= RO ARNEIE IS K b e 2%
ol b, TNHHEANITLLTYFTX
% 5-HT,, XA Z TG % T LI & D #EAH
EEEPNETZEDEEZILNS.

3) N Fos 3BIZIEEEE Lz F282 V D, Wi

SIS B

—fRIc, RAMHEE T TH % cfos BB WNIEF
DML TV TH B Fos BETAFH, b LA,
KR, SEMIILIE 75 U RE 4 S I U C IR
SR B, T Db, SEEKRRIC T
2 I B R0 D BESR, SEMI O R B 122
= H— L LCELFMEENT VS, —1, Kl

REEOZ 22— IicBWVW TR RS VD, 2R
(k7S Fos F6BI ¥ICHIHEIHE L TH Y, #MOH
sl 512 X % D, SEMENIIS T, K
MaEzE, Ak (RGO RDO—E0), RIRIK,
SHBIFRET: & T 0D Fos B AVEF FIAIC FEBIFRE X
NBC EMRENTVE, 2T T, @5HT,fF
TN S —F > RRIE I 2 R iR TR R
FHRIC X B D, BT BRI 2 D, & BT,
@% 0 5-HT,, — D, LEKMELERAMAD & T
DT B &M 5 HINT, Fos fiil
HeEmIRA R o7 (Fig. 7).

Haloperidol {3 i 2 o # %139’2@ LX< —%L,
FIARS D T 7 58K b > VR, At L Ot
BIFRR 7% 12 3500 °C Fos FBIA S FRE Uz,
— 5, 5-HT,, /E#3 D 8-OH-DPAT &, 5k FB
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KO 7 FHIKIC 351 T D haloperidol I
X % Fos B ZBHEICER L, MIBEDY = )L
B, MR & DRI TR A BRI Z R E
mihhoiz (Fig 7). —fic, Mgk X O
377 FEIIE PURS R SRS K 2 SRRV ES B 2 D 7R ]
W59 2EIERSN E LTHIS N, A%y «
JVREIE S HURS R SE DR RN A S T h 5 &
EZBNTVS,  CDFh, 8-OHDPATIC &%
5-HT,, ZZARORIEAY, RSl SE D G E AL
EIRCER L, D, NS E 28BS 260D EH
ZbNTz. X561, 5-HT\ ZAKOIEHALIE FE

&AL T B 2 WAk F. S = )VHIIC B8 % Fos FEHE
KB L a7 e b, fikiwisk L Off
MICBELTTE, 5-HT,, fEEIZREIEHURG SR D1k
IRZRI LR NEDEEZENS.

4) /MG

5-HT,, TEE3E D S (A SV BS B E B EFH D X A
ZALEDVWTE DS, TNETOMRMNT, @
5-HT,, FE3E D $lE RO BB 2 GBS, 5-HT
MBI X2t b= Ui OREME I & D 2%
T2 Fizholzl eh 5, 5-HT, ZBIRICK S

Fig. 7 Effects of the 5-HT,, agonist (i.e., 8-OH-DPAT) on the forebrain Fos expression induced by
haloperidol (D, receptor antagonist). Right panels show the forebrain areas selected for

quantitative analysis of Fos expression and the representative photographs of Fos-positive

neurons in the dorsolateral striatum. *P<0.05, significantly different from the value with

haloperidol alone.
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RIS RE B RE ORI X L LTy TR
% 5-HT \, ZAREZNTHHNIGTHZEEZDBN
Te. £z, @5-HTMFEBIFEIE, HURERREOH
VEFEBALC & % Miakthds K O HIALR% o 77 FEIKIC 35
W CE RIS haloperidol 1€ & % Fos 7681 7% i 58
U7z, 5-HT, ZAAROIEELA T N 5 GIFEFE
ICHBIF 2 PRI VAROBRK T Z2UET L
&0, SEANEBEEERETSZEDEEZ LN
7z (Fig. 8). &5Hic, ® 5-HT,, EHISRIE, HR5tk
D, WIS X % FEHFNME S—F >V VIREREEO A Tk
<, MPTP %> 6-OH-DA MLEIC K % B/ ol
FETIWICBOWTELHEELREEFHZR L. C
DT M5, 5-HT,, REKRDOUGENRIE, 5-HT,,
ZRROEE L RIRD, RS RO MIE Lz
9% RN ED TR, RIS UM%
TOEEEHICK S b0 L HEREI N (Fig. 8).
—77, 5-HT,, ZEARORIEDKREEAK D, BT IS

BT AL X)L TO A Z A LIERTER
HTHD. —MIC, BRSEERD, ZBERIEANKETED
RS2 ORI X - T Fos #I 7% tonic I f1
LTWBEEZBNT NS, D, ZAIKE G, E
FIC R 5 CEAMLREZAKTHD, 7T
SVl U S —E 2 d % T £IC K D protein
kinase-A (PK-A) &7 /T L C Fos ¥ = {3 5.
FURS 0 3E1d C D D, AR 119 2 Hfill il 8 72
fRBR L, Fos #Bl%Z A T2ELEZENTED,
PK-A7%Z /v 779 b LY Tl iR e 3kic
K B HRSEAK Fos T8 75 5 UM IC 8 A 74 1% b 2 oD 7
BT 3. COkdh, MUL Gy LIET 3
GPCR T % 5-HT,, ZBARDIEMALD, 757 =
WY 75— — PK-A R7Z/ U THUM D
Fos 681 (D, JEWILE) 2k d % AlEEMEDHE X
bN%. i, 5-HT,, (FEEEIEHRSERICE T 5K
MR kD 7))V 2 2 Vgl 2 Jd S % 2 &

Fig. 8 Schematic diagrams illustrating the serotonergic mechanism in modulating extrapyramidal

motor disorders (e.g., Parkinson’s disease and drug-induced parkinsonism).
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WEERTVS,  ZIVE S VI ESERORRI,
NMDA 22467 1t L C 5tk T D Fos B 5 0
SIS B DRI R IS B © L AVHIB T
BV, 5HT, (BN R TO T L 2 3 Vi
SRR £ U T S— % 2 VAR & FEBI LT
MM E E A BNB (Fig 8). HAKNICHI 3
5-HT,, A LTI, 5% 5%k
BRADLIECH B,

5. #AAREERRICHEITS 5-HT,, REBE
DE

P kDT &<, 5-HT, fEEERIZ TR HREOR
HIZ X o TR KM R—F > ERERH B X
U RN RO Z I S SRSV S R E 72 i
gLz, TNSOERIRERKTHEHAEN TN S
Fi7 2 F )b ay ¥ (trihexyphenidyl 7 &) Pt
W 2R THO, 5-HT NEHEENHS—F Y
VIRHEELTEHTH S T AR I N, —7,
5-HT,, ZBAR 72 /79 % #E RSV BE Fai 25 0D o35 B A
i3, CTNETICH SN TWD 5-HT,, 2N
WCKAUERMEEZREZS2EDTHo. Tikb
5, 5-HT,, AR — Sk F R Uik b
ICAFTEL, ZOMREFENK EMRFERDN B D R/
SR I LC\0 3 (Fig. 8). 5-HT,, Hifiskix
T D RIS AF OGN 2 iR % C LIc K
D BRSBTS L E X BTG,
Dz, RIS UMREDIE - ZMT5XK97%
IS—F VY VIROIRRETIE, ZORIED I S
AREMEMN D . T D, 5-HT  fFEIERIE RS v
2N ET, B CTERGEERZRT EE
Z6N, WIKVIRBICAEM TH 2 EHREEN5S.
T 51T, 5-HT &R E 5-HT,) ZARDIEH A
A= AL (TERENL, ERESD DRZEZCeh
5, BIZIE 5-HT,, B & 5-HT,, 1D
ENGAICH, HINNREEIRMELNS E
DO EMFEEIND. 5%, 5-HT, fE#I3E & 5-HT,,
OO R0, 5-HT,, B X U 5-HT,, A

RIS BEMZ RO &K 5 Hb &Y ORRGEHx
EM, BERIVERBEE IR ORI ib 0 - B T
O—FELTHETHAS LEDNS.

6. &bbhIC

EANONZHEL, @ibiciEm L 03B
CBWT, R—F Y iGN REERDR
FRIERE EORZ B L 5> TV, 5-HT), F
BRI LT, S5 H5 D, RLEIR%E W
EBITBHEMNHNENTEELD, SHEENMLELS
I, SEASESBEE IS LT AR A
INB. Fiz, NR=FVUREETIE, HEES
Kl e LI, H15D « R L ORSHRERA
BHIEICABNSC EAHBNTED, 5-HT,, (F
IS S—F >V VIR OB E LR R O
BICHLTEHTH 2 HEEEEZ BN, —/,
Z DAt 5-HT ZAARY T 2 A T DR s FE
BIFAEIC B BIRENCOWVTIE, RIEARHZ A
2. ol TGRS phps 3 2 S s Ea I
B —AMNEHELZLkoTED, WiTiE, 5O
I3 BB E R 55 DTAHEIC SDA SRF TStk &+ 1
N UEHEE (F1D DFin ) DL PHHENT
W5, TNSIEYIR O EER S EIEF Z 38 /)
2 B S FHIT % FicBV0TE, MRS
FEEDFHICE T 5 5-HT ZB/EY T 214 T D%
e RSy —to b= UHRREOMHEER X A
ZALIEDNT, SHBESICHE L TIT BED
HBHEEbNS.

WEE AWIROZITICH 2D, WHEBIIEN
7z (M) WL SR AR I V& 5 .
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Natural products such as food and herbal medicine are susceptible to insects and mold. To develop disinfection and
sterilization technology, the author applied electron beam (EB) irradiation to spices or crude drugs and used electron
spin resonance (ESR) spectroscopy in order to establish a method for detecting irradiated products.

A single line ESR spectrum near g = 2.005 was observed in spices and crude drugs. The intensity of the main
signal near g = 2.005 increased, and sub-signals at ca. 3 mT on either side of the main signal (g = 2.02 and 1.99)
were observed after EB irradiation. The before and after irradiation radical concentrations were high in herbs.
Multicomponent spectra with specific shapes of mono- or disaccharides were observed in irradiated roots drugs.
The observed spectrum of a post-irradiation plant sample was approximately similar to the summation of a spectral
component derived from the pre-irradiated sample and components derived from post-irradiation of carbohydrates,
including cellulose. The time decay of intensity spectral components was well explained by first order kinetics with a
variety of rate constants. The sub-signal at near g = 2.02 was ascribed to the high-dose response and stable cellulose-
derived radical components. It was revealed that the specificity of the ESR spectra derived from these carbohydrates
was detectable for 6 months in herbs and for 1 year in spices, barks and roots drugs after 10 kGy EB irradiation.
Therefore, it is expected that the evaluation of radical signals derived from carbohydrates will be utilized to judge
whether plant foods and pharmaceutical materials have been irradiated.

Key words——radio irradiation; electron spin resonance; crude drug; carbohydrate; radical; kinetics

1. iRUSI ML, #4 AT B RN DS,y B
(*Co, "'Cs), X## (5MeV L), EFH (electron

KRMIR D BEPEEBERIC BT, 1 beam, EB: 10 MeV LU F) 12 & % RO st
BUEMIC X BRI BREL. TO%, B HEIE BRI AT RS0 G 02 L h D7
RN E N ARPERBERE AL <, FER RO RS 0 S O 7
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A BT EOTEBHARIBINITH . FHC,
EB MU Tld, MREBNE Wz, RO D
AEECH D, X/, B ZEXMNICaY Fa—)LT
T3, RFMENEV. 772U, EBOYEPO
ﬁi@ﬁbi yRRR EICHNT/hE Y. LEDNST,
EB MSHC K 2 RN BGRETEH 2153 % T2 9123,
T, WRYHOME 2R L T T EHE
BLiRb.

T 5T, 1980 4F @ = B 1 J1 ¥ B (The
International Atomic Agency, IAEA) / TH5{R (&R
(World Health Organization, WHO) / £ fg 23ER%RE
(Food and Agriculture Organization of the United
Nations, FAO) D&ERZERRICHBNT, 10 kGy AT
ORS RO OE S THNTUR, 157
55 HEICBWVTH R « N—THZHIDE LR
SMEHHSEIT S N, 2 ORI AE > TV 5.
L7e-> T, WRGHUE G O Hilmmic B 5 @ e
RS 2728, WAMDIRGLERTH S, X
12T 5 OIGHREDFFEREIEN TH 2 D
HIREREICAT > B O BRI 25 T 5.

ZCT, BmPEERERELUTHHEINSG K
SR 3503 % EB R bR ALEE R 0D Bl 7 Mo O %
R ALEE S ORI B Oz 2 B & U, FEERRGEt
Ziiote., BHME YA FavzET IVERE L
T EB ISt DR E RN R 2 Mt U 72 /bR, 5 MeV O
EB % ZH A 15 kCy 75 % & 5 1c L il L

e, FREERANOEERE ML, FREE 0.9
— 1.0 g/em® I BV TEHHREDK 1.2 Ff‘:f&%%
KizzRL, FREEORINE & &I 23
%ﬁ%ﬁ?%u&,%@ﬁ%,%ﬁﬁﬂ(ﬁﬁﬁ;
10" colony forming unit per gram, cfu/g) Ti&, 7
g 1.5 g/em® DUF, WRUGRE 12 kGy ALE, &5
IS, UA a3kl (R 10° cfu/g) Tl&, FH
B 2.3 g/em® LUF, Wi 3 KGy DL b A5
B 10° cfu/g LN OREZIRMED NS T L2 R
Uz, Fiz, BE L)V EB SN & 2 K5l
DZELIIMER S NEN > Tz,

AR T, EBRUR L&EER - EHOHKT
U —F VIV S Ul )VEER T A E V3L
5 (electron spin resonance, ESR) 1 X D fi## L,
R R L i DR AR & LT D ESR DA
HPECDWTRERT 5.

2. ESRIZEIC & 2RI L ERORE

TR H B DO SRR IS K 2w Y oyt

L2, BN RIEBENTH S, FEHRIR
F1%, WIS ORREANIC A UG O K f
W, MERETHMSSICXDEWT 5. —H, —
ESOIEMERIZ WIS Y O BRI Ty TER,
FERRINEIAR 22872 7V — 2 Y IR 3580
H%. TOEMIC Ty FTENTmMEO 7Y —
Z Y1)V ESR TRIET B &ic kb, RgHmz
FIRITE %, KR, ESRIELE, JRMIEAY 75 FE ke ]
HIEMRIEETH 5728, BEHRRGRAUE Lz’
a0 R DR O TR Sl & U THEETH
%. EU TiF, BERNUCHROE (BHkOTY
AIV) R, EARFFF v YDik, 3T V)R
N (wva—AdkI T AL), THIC, N
ISAY, 2O E ORI (R RN ok
FIIV) Nt E UGS OIS ESR 172
BRIIL TV, UlehioT, SRz FRE L
TWVWBEHTE, ZTNHOERDPIFEEATH S
EXD, GRS, ESRICKZEEEKTT Y
FIVOBIRINIARE T E 5.

2.1 1BYHEZRD ESR AR MR

¥ BEEFRERZEELE T 5 Y% E
. ) 3 7 (Perillae Herba), + > 7 (Sennae
Folium), % -4 t (Cinnamomi Cortex), # 7 /N
2 (Phellodendri Cortex), = > ¥ » (Ginseng
Radix), 71> V' 7 (Glycyrrhizae Radix), ¥ v 7
v 7 (Paeoniae Radix), 3 73 37 (Zingiberis
Rhizoma) D WHHTE, KAFHS, 25°CT 10

Vol.3 (2009)

kGy @ EB &4 U 7% D ESR AX 7 b LR 7%
Table 1 & U Fig. 1127”9, HGHTOEFKICI,
g = 2.005 ffiLlc —EHAXRT ML E N,
AE VX 10" — 10" spins/g DLV TH -
7z. 10 kGy Hs&TIx, > 7 FIViEiE 10"° —
10'" spins/g D L)W Uz, R & 752 2 )
HAC KD A VIBIEIIEH L, ERFERELT
W3y 3wty Tid, BEHiEHEOVWTRO
A VPRI E D B FRNC LR T E D - 72,
DX D IR D ESR AT MUICBIRE NS
g = 2.005 fHED Y7 FIViE, HEFRIESHCIR S
F, HERARLICE IR T BT EAMBENT
B0, KUT /=) 2EEND B IFREENIC
Bt d 2 METHEEINZEIF /I Ih)NIC
ﬁﬁéhfwgv%ib,vawazfd,%®

-
(@

Eal
Wl iR & B2 R U Tz,
(BERKD RV T L b OKESE (g =
2.02) O T FIIViE, MRS EROS IV T
FIVEDEZOMNWDEL, bu—AdKS T
VO TERFEMED SN T LAV L 7.

VY, X IY Y, vavFay
DB D AT MV, FBRIBOILOIERFRIC I
TDX AR MUK
SINVTHIERE N HipEE

w5

51,

—77, EBBSIED AT )L
HERICBWTE, g = 2.005 (Hrohgky 75
VDK 3 mT BIFROWHN (g = 2.02, g = 1.99) I
YT T FIVHER I N
e

MY > b =V EDKRY Tz /=)l zéb?’:ﬂ%ﬁ(%asbfc

W Y %720, Xt/?%ﬁ”%‘ WEEZS . TR U TR R Y B

ns.
Table 1 Characteristics of spectra obtained with crude drugs.
Sample g value spins g!

Irradiation  before 10 kGy before 10 kGy

Perillae Herba 2.0056 2.0057 4.49X10%  3.71X1017
Sennae Folium 2.0041 2.0053 2.29X 10 3.37Xx10!7
Cinnamomi Cortex 2.0049 2.0053 1.56X101 1.37X1017
Phellodendri Cortex 2.0060 2.0059 1.03X 10 3.45x1017
Ginseng Radix 2.0052 2.0062 2.61 X105 1.73X10'
Glycyrrhizae Radix 2.0059 2.0058 9.53X 10  1.90X10'7
Paconiae Radix 2.0067 2.0060 3.40X 1015 8.26X 1016
Zingiberis Rhizoma 2.0044 2.0042 3.34 X105 3.45X10%

i, WIhot

Z D IV AT D
B ao—A07)a—RAa=y k
DC2, CIMUCHELB e FaFI L7 IVFILTY
ANWICEZ MU T Ly b T HIVicREE N .
VO —ZXHKDT T H IV T FIViEREE

FFlC, Fig. 11TRL
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Fig. 1 ESR spectra of crude drugs, un-irradiated (solid line) and irradiated at 10 kGy (bold line) on
modulation width 0.2 mT. Inset shows sub-signal (g = 2.02) on modulation width 1 mT.

T ZHERHCRD 2 DIV AT BV T IR RS, HRE - CHEXATIE, EB IRSSRICHRIE
11),

2. 'Fig. 2 1C BB S L7 Hill - “BEIOESR 2 OEWIEHIRANY FUBSBEE N, L O— 20
X% 1 V%, Fig 31C EBISHEOBEOAY Y X355 D & HHE - RSO GRS D

Fig. 2 ESR spectra of mono- and disaccharides after 15 kGy EB irradiation.
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Fig. 3 Spin concentrations of carbohydrates after 5 hr of 15 kGy EB irradiation.
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FWC AR E NI, LT, ATZI—AR
SIVb—=X, T)V7 b=z EDEHEDE O
E DI EGHRE A R & 3 243K TIE, HURHRR %
ICHURE - TR S VD AR T UK R i
RITBHENTES.

2.2 BHHEZEROREIOIAEHEARS
EB IRt D436 %, & 40 £ 5%, =i (22 +
5°C) R1FE LIz &I E NS ESR AXY kLZE

{b7% Fig. 4 ITR"9. g = 2.02 (\BEDw)bm—XH
K IV ER I CTH 50, BEHENLE
B S, 10kGy LV Iyt F
TN 6 7 H, ZOMOESETIIN 1 EMICDE
D, YTFIVDOXRX=ZAF5A4NEDE—TEHE ()
DARBHAEHKDOFRNMEDR—=A T 14 D/ A X
(N) @ 2 5L L (S/N > 2) O5&E TRt E Nz,
X5, Fig 5ICRT &SI, v rvrbys
U 3 U THIE NI HEE - R O IERFR

Fig. 4 ESR spectra of sub-signals (g = 2.02) obtained with crude drugs after 10 kGy irradiation.

The dashed lines represent ESR spectra of the drugs before irradiation. (modulation width; 1 mT). .

Fig. 5 ESR spectra of Paeoniae Radix and Zingiberis Rhizoma after 10 kGy irradiation. The dashed lines

represent ESR spectra before irradiation.

BN T FIVE, T B 1 S B0 TE,
ZNEDARY PV EHRTE . BIE, &
RIRSRTE O E, A RO F I 35
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(RAEHAR 2 b 7= BRI 5\ T, RO
WP S IR B AR 75 D 195 © L IR L
T3,

23 BHES YN ILOFWSEH

Fig. 6 1 IS 3K DA 1S 0 7 VBN HE & 7159
WS DS O )V 7 VIR, FIED
WA K E <, SR 1 FLUNIC, 20 30 —
A0%HNHES L. D%, JIC IEEE 3 <
T, 82 7 AUETIE, ERIREIE SV,
C D& S HATS VAVOHEETE, S v T
iR L O 7 — S () = T ™)
CEMTZC LR TET, WROEGD Ty T
PR BHADELE () = L1+ y 07) 12

K=K TonXbaflicky, 7V
TZUERSHELTWAY IAUTIE, REHZOH
HIENOERS P H IV 7 IV DMERNK
{, —=H, AVO—AGEREDEH NV Y,
NI, Y IX I TIX, A IV T
FIVOIRERDMUDOEIE K b &/NEOEHAICH
5T et ENTz. DD, AKERMEIC
IR B 68T YV OBMEREIE, MY
SEBELTED, B O R
U7/ —)NCHRT 2TV h)0, B
B B BOORYIHHAER T OBHE ORS SeRRgIC X
LDEGHRENVEEZON, BE, T5%5M
WZzEDH TS, EURETH—EETN TS
MRS RS ORMAESIX, WINE BEHEERZ
RIS 2EMETH D, RRMEZHEET 57E
BHITEHET S NTOEL. LIehioT, Ak
&b, IR, MY GEREERT DN
)V T )VETREIC B EE 2 RS C A RN
i, MegREOERILISHATE 5.
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Relative intensity

Relative intensity

Fig. 6 Time dependence of total intensity of ESR spectra (from g =2.031 to g = 1.979) amplitude obtained for
irradiated crude drugs (10 kGy). The solid lines represent simulated plots (/ =1, (1 + y(t-0.2))™).
The ESR measurement were performed after 5 hr of EB irradiation (t = 0.2).
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EB a5 U 72 i E 438D ESR AX 7 b L& 5
DAV L, ba—2 (g = 2.02) KU
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It is known that female rats are more resistant than male rats to ischemic acute renal failure (ARF). To elucidate the
meaning of this sex difference in ischemic ARF, we first searched for proteins, using the proteomic technique, which
show sex difference by a change of expression after ischemia/reperfusion in rat kidneys. Ischemic ARF was induced
by 45-min ischemia followed by reperfusion. Increased or decreased protein spots were detected in the post-ischemic
kidney, by means of two-dimensional gel electrophoresis, 2 h after reperfusion, and at this point there were no
significant alterations in the renal function parameters of both sexes. The quantitative change in the detected proteins
tended to be much greater in males than in females. Several significant (P<0.01) up- or down-regulated (more than 1.5-
fold) proteins, in males only, were identified, respectively, as ezrin, glucose-regulated protein 78, heat shock protein 70
and protein disulfide isomerase A3 precursor, arewhich are known that the expression or post-translational modification
is regulated by intracellular ATP content. In addition, F F -ATPase {3 subunit and meprin o subunit were identified in
significant up-regulated protein spots in males, but not in females. We next examined whether an F F -ATPase inhibitor
oligomycin and a meprin inhibitor actinonin would overcome the ischemia/reperfusion-induced renal injury in male
and female rats. At 24 h after reperfusion, renal function and histology of both males and females showed significant
deterioration, although the degree of both renal dysfunction and histological damage was much more severe in males
than in females. Pre-ischemic treatment with oligomycin (0.5 mg/kg, i.v.) or actinonin (10, 30 mg/kg, i.v.) attenuated the
ischemia/reperfusion-induced renal injury in male rats, but failed to improve the renal injury in female rats. In contrast,
female rats, as well as male rats, were protected against ischemia/reperfusion-induced renal injury when verapamil (1
mg/kg, i.v.) was administered. These results indicate that the renoprotective effect of oligomycin and actinonin is male-
specific, thereby suggesting that F F -ATPase and meprin are involved in the sex difference in terms of exacerbation of
ischemic renal injury in male rats. The possibility that F F -ATPase and meprin are key factors in the sex difference in
the pathogenesis of ischemic ARF warrants further attention.

Key words——acute renal failure; sex difference; proteomic analysis; meprin; F F -ATPase
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RILPE2IEE R4S, I AIEONER, + gy
2 & B B S 5 I BRI LIE LIE
HDHEND. WA E RSO, R
A LFRAE RS £ R K D X R BNTVS
W OEMRETIES Oy R U 7 ORI Vit
ICK B ATP FEAENME RSB b, Biicsy
TiE, EREMOHEE, REERED T Y 2B LV
FIVE Y D57 IR I
FEORENE T, AMERR X BIECHRE
Lt & D BT 2 (50 EB AT B RENTED
PRI 2 BN A2E & BIEC RN UFe THIKT
D—OTHBC LBHNIERTNG, £Fe, i
A PEBR A E 7 VI G D N 3 BRI &
TR TERETH Y, AREDIIEICHTEED b
BT EPMENTVS. L LEDNDS, AWRREICE
F BHEFEID R = KT AT RIS 0
FANQAY-S

STAE TINS5 U T 70 5o — L 16,
il 4 ORGRE TR BN BRSBTS % & 208 7 BT
2L, FESERIRO Z—7y M EREICRRT 5 T
LEAHEICT 3. Thabb, ARKHERIE <

DR EY E BSOS B EY € T VI B
T, ZNTEDFBIZEE) 2 (KRNI DRI
fEtrd 5 EMTEED, TNThOEELZ
DIGFIC B U 772 D AR, ZN5 Z R
%?%E%%@%%ﬁ?%%%@&%%éhfw

AW T, BEEAEE A TRD NS
AFRBUCBWVT, BITHIT 22 N7 H O
MEFE 7% WFRINICIRIT L, X DI, T OMHRRIC
HOWIE 7 T a—FIc &k D, ARRED M
FEFI & Z DIRRE 2 >R 7B L OREMEICD
WTHGET 21T - T2

1. EMEEBFR2OHERRICES5T DY
v INY B O

SLERENY) & LT, 8l MBS K U HENE
Sprague-Dawley 27 v k2 HlW\ /e, 45 B ik 2
BRI 2 45 I IUIRAEIC L, T D%
BEMALE 2T C ik b, Btk EE A2t
TIVEAERIU Tz, Figure 11SR9 K51, iR

Figure 1. Time course of blood urea nitrogen (BUN) and plasma creatinin (Pcr) in male and female rats

subjected to 45-min ischemia. Each column and bar represents the mean = S.E.M. **P<0.01,

compared with sham-operated male rats. “P<0.05, P<0.01, compared with sham-operated

female rats.
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HRLERPEE BUN) BIUmErs L7 F= i
& (Per) &, MEEZ v b & vIC, FHER 2 KER
BICBWTHEREITED O NEWVWEDD, F
BERORFE & i R L, FRER 24 BERIE
KA EARERZRLUE. 561, HlER6BX
U 24 BERICE, ThDOBEEENT A— 2 —
DMEMEZ v MR UIESE S v b THEREEZ R
U, BIMAEERLEICK > ol X S5 EH

REAX N O ICHEE DGR B Nz,

SRR R OVERD 5 N O RS I P E R ALE 2
MZOBICDONWT, ey VESKEREIC K
DRI EEEEL (Figure 2), MEfECBT %
L OZ R LI LTz, ZORER, Figure 3
ORI KIS, BME#ERLEICED, T
~ O CRIFE DR Z R 2 287 E (R
JEPD) 82 DB, ERTRENDXIICH

Figure 2. Two-dimensional gel images of renal proteins from sham-operated male and female rats or I/

R-treated male and female rats. Proteins labeled with CyDye DIGE Fluor dye were separated

by two-dimensional gel electrophoresis on basis of differential isoelectric point (x-axis) and

molecular weights (y-axis). The spot numbers correspond to the numbers described in the legend

of Figure 3. I/R, ischemia/reperfusion.
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W7tz R 2 ST OB Z v F T2
W Z DTz, £, MU v I ATEL—Y—
A A >t (MALDD R & © & 287 Ot
21715 TeAS R, glucose regulated protein 78 (Figure
3; No. 1), heat shock protein 70 (Figure 3; No. 2),
protein disulfide-isomerase A3 precursor (Figure 3;
No. 3) XU ezrin (Figure 3; No. 4) 7% &, #ifiw
N ATP & DZARIC K > TZ OFEBIBIERIL & i
MHEEND T EOHENT WS ZINTHED, [#
I FFREFRALIE DTN HENE S v - OB TR
MRS B EMHSMICE T, EHIL,
S y b CERAGEINZ RS X ST HOHI,
ATP D& & fRICEE 59 % F1Fo-ATPase @ 3
7= I (Figure 3; No. 6 5XKU 7) X I8T
fRIFEZETH S meprin D a Y7 1=v I (Figure

3:No. 5) MEEE N UKD, BintEaE
ARICBT B MAEFREO—KNE LT, FF,-ATPase
& U meprin HBY5-9 5 AJHEMEAVRIE S Nz,

2. BEMBEREZICRIFT F,F,-ATPase
PEEZE oligomycin DEE

B1ROTOT A — LT ORI D, R
FEGA I B ik CBE IS B g % & 2 2 - D Fd
FEIZ, WEMES v P EHERLT, HEES Y P T2
TEMWIRENT. K, HEMET v - CHE R
TORT RSN EOHIC, RN ATP D%
EIC & > TZ OFBIPHERZEHiDNHIEE NS &
OB SN, B, T +aY YT FFE-
ATPase @ BH 7=y b DB MM EERLEIC

Figure 3. The profile of a change ration in proteins gel spots of male and female rat kidneys after

reperfusion. These gel spots were obtained on two-dimensional gel electrophoresis in kidneys of

sham-operated rats (Sham group) and I/R-treated rats 2 h after reperfusion (I/R group). Values

were expressed as logarithm of the volume ration (I/R group/Sham group). Several proteins were
identified as glucose regulated protein 78 (spot No. 1), heat shock protein 70 (spot No. 2), protein
disulfide isomerase A3 precursor (spot No. 3), ezrin (spot No. 4), meprin o subunit (spot No.
5) and F F -ATPase 3 subunit, (spot No. 6, 7). The numbers correspond to the spot numbers in

Figure 2. I/R, ischemia/reperfusion.
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Ko THEMERF RIS INT 5 2 /87 HD—D
ELTCHEENT. FF-ATPase!d, S ha v R
U7 NIRICHEIEL, BEN DI ENTVS
RETREBELLERT Vo v VAR ZFF LT
ATP ZH LTS, LhLADDL, T haYv
RV 7 OENAEDHE T % R R ZIKETIE,
F,F,-ATPase (& ATP D& S IK D iR\ E Z D
@HRY OB S. CHETIC, FF, ATPase Hl
FHHTH % oligomycin DILEIT K OO E LIS
X% ATP Mg 2 2 &M b, EiMic X3

ATP #18 @ —ERIC F,F.-ATPase 7 419 % ATP hnsk
BROBENREENTNS, 20 TAETIE, &
M2 EEAEOMERBICIHT % F F,-ATPase D
WE 25 HIT, BRI &I T
oligomycin DB DWW THELER Z v F 2 VT
MiEt L7z,

Figure 4 IT/RT K H 1T, REMAHERULE 24 KEf
BOMEMEB KOS v F T, ZhZENoEimnE
HERALIE 2 i L C W gL sham Ty b & EEIR L C,
BUN 5 KU Per OF R EADEH SN, BHiH

Figure 4. Effects of oligomycin on blood urea nitrogen (BUN) and plasma creatinine (Pcr) at 24 h after

reperfusion (A). Each column and bar represents the mean + S.E.M. **P<0.01, compared with

untreated ARF male rats. “P<0.01, compared with untreated ARF female rats. Light microscopy

of the outer zone outer stripe of medulla of the kidney of ARF male and female rats untreated and

treated with oligomycin at 24 h after reperfusion, and sham-operated male and female rats (B).

Arrows indicate tubular necrosis (hematoxylin and eosin staing). Oligomycin (0.5 mg/kg) or vehicle

was given intravenously 5 min before ischemia. ARF, acute renal failure.
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SUESMTIC B O TIRMIEBEEIEL B S . X,
TN 5 OBBEAREIK T 36 K& U BB F IS e S > b
CHBUTHEMES Yy FTKDOEETH -7z (BUN,
Pcr; P<0.01). oligomycin (0.5 mg/kg, iv.) O &
ifil 5 73wi# G, HEMEERALE 24 REH2ICERD
5N 5 EEEE N K OB HMBEF IO LT, HEM
Z v M TIFAEENDBHEICSENRZ R U,
Ty MCEEEZREE Tl i, %
Z v b ORI AR RE EF IS % oligomycin D
BN RZ T2 HWT, BREilC X % ATP fhiE
IZ MU 9 oligomycin DBz fiat L7z, HEltkds &

CHEMES » b e Bic, Bk o ATP &8Iz
WUERN D Z08IAL N L, FERLERIITRES
Wiz 2R LT, RElf 10 7% £ TO ATP &
B X O THESEMZ R LT (Figure 5A).
% 7z, oligomycin (0.5 mg/kg) O i IfiL iif AL & I
o T, il 5 BXU 10 %O EMELH ATP &
B, Wty b TRAREE ERZRUED, M
"oy b TRwBEENE»ro T (Figure 5B). ¢
Tbb, MRIC K2 EREHEPE ATP ALBICHY %
oligomycin OHMHIRNRIE, HEPEZ v X U TH
HNTH 2B ENHIHL .

Figure 5. Time course of renal ATP content during ischemia/reperfusion in male and female rats (A), and effect

of oligomycin on renal ATP depletion during ischemia (B). Oligomycin (0.5 mg/kg) or vehicle was

given intravenously 5 min before ischemia. Each column and bar represents the mean + S.E.M.

#%P<().01, compared with male rats at the same point. “P<0.01, compared with vehicle-treated male

rats at the same time point.
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3. BEMBEREEZICRIFT meprin HEZE
actinonin D&

1RO T T4 — LR ORRK D, Bl
PRI meprin @ a ¥ 7 = A HEN
F v OB THERENZRT T LA SN
7o 7z, meprin (&, BRSO R-F- x5
CHES B 2N I fRIERO—RITH O, Hlld
W= bV w7 ZDOREKES) TH % collagen IV,
XU nidogen 7 EARE LT 5. 1z, WS v
I~ DB i R i F R R AL E 2 g &, PRAEE D
laminin W3R E N2 T &%, laminin D7 fRIC B
b BREL LT meprin BAEENTVE, X5
IZ, meprin ® a¥ 7 1= FAEEMICKRIBL
TVWBRRMDOITATIE, a7 1=v FORE
WIER TH 5 I, B M Rk

BITTH 5 EARENTVS, CHEOME
(& meprin HNEF R 1L PR RR T O REFRIE IC
B REERIELTVWBR T ERRETZEDT
HbH. T TAETE, EMEAEEAE2OME
AFEBIC I % meprin DRE|Z RS HIWT,
meprin fHEIETH % actinonin OF 5 M FHERR
BEEIC I AE BN DV TR 5 v b &2 D
TR Lz, 61, S v s o
BREFICN L CIRENRZHT 2 EAHIBN
TWVB AV LR Verapamilloo))lltﬁliﬁi v
MR B & iR Uz,

Figure 6 IC/R 9 K 5 1c, B HE I /5 90 i AL i
24 R DM B X UHEES v R TlE, Zh
Z O PR ALE %2 fiii U T W 720 sham
Fw hEHE LT, BUNB XU Per DF R
FEPEDENT. i, TNHOEHEEEKT

Figure 6. Effects of actinonin or verapamil on blood urea nitrogen (BUN) and plasma creatinine (Pcr) at 24

h after reperfusion. Actinonin or verapamil was given intravenously 5 min before ischemia. Each

column and bar represents the mean = S.E.M. (n=6, except for 10 mg/kg actinonin group; n=3).
*P<0.05, **P<0.01, compared with untreated ARF male rats. "P<0.05, “P<0.01, compared with
untreated ARF female rats. ARF, acute renal failure.
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EHEPES v b e L THEES v P TR D EET
& o7z (P<0.01). HEMEZ > HIC actinonin (10,
30 mg/kg, iv.) ZREIM 5 aiicit G LicEs,
I FFREFRALIEIC & 2 B REREIR T ICnf LTI BAK A
WD DOERBUENRZ R U, L L, S
kTi&, @AED actinonin (30 mg/kg) Z#K5
LT, BimEmLEC X5 Bk BEbiE®
BInEholz. —J5, verapamil (1 mg/kg, iv.)
DREMEHR G, HEPEZ v b OB ME#ERICE %
BRREOME T2 REICHHIL, 51, HEZ >
MR U THIRENRZ R LT

I RALIE 24 R OREME S v b DEHH
/Y CFBMERIC K DB Lz e T 5, BHE
JESIC B 2 FRANE B O H GRS 5Nz

(Figure 7). WEMES v 1Tz ifn P HE R AL E 7% it L
TG EIC O EHARREF BRI NN, Ty
FEHBLUTHAINEREDTH 7. HEET Y -
IC actinonin % 30 mg/kg @ & TRz i 5
2L, MEIMmARERELEIC X 2 B Z DK
FHIHIE N2, WEPEZ v MIZFEHED actinonin
ZRELTE, BHMEFIOEEZRIES -
7z. —J5, verapamil (1 mg/kg) DMEMm5 I,
HEYE S K OMEMES v - OB I U TR
MRZER LU, TNHORFEKD, verapamil 1&
WEREWT = T ORI RERALIE IC X 5 B bR 2 (R
S DM, —75D actinonin X HEMET v b OB RE
I PR REFR PR T 10 U CRERINIC SGE R 72 FE S
5T EHVHIHL 7.

Figure 7. Light microscopy of the outer zone outer strip of medulla of the kidney of ARF male and female rats

untreated and treated with actinonin (30 mg/kg) or verapamil (1 mg/kg) at 24 h after reperfusion, and

sham-operated male and female rats. Actinonin or verapamil was given intravenously 5 min before

ischemia. Arrows indicate tubular necrosis (hematoxylin and eosin staining). ARF, acute renal failure.
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a8

B RE MR YIS F F-ATPase 47 1=
M meprin ¢ 72 =w FDX VST EFEH
DT v P TORAERICHEMT 52 &, T,
F,F,-ATPase BHFEHED oligomycin & % W & meprin
FHE 3D actinonin 2HEYE S v b OB 5 L FHE R
pEE PR ICMIH LIz e D, B Mk
EORIE - EEHREICIHBWT, FF-ATPase Y
7 2= b meprin o Y7 1=y ~OFEEIEMN
& NICHE S BERIE D LR DT D, T
D EMBIMMEEMEBEARICE T 5 MEFEBICE
HLTwaZ ehrmganiz. LLE, FF-ATPase
B X T meprin WARFREDMEAFBICEHDLZ Z &
IS M L.

5¥, AW KIEERR EORBREMZ AR D
R TRIENTZEDTHS.
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Studies on the Role of Renal Sympathetic Nervous System

in the Pathogenesis of Ischemic Acute Renal Failure
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Kidneys are an abundantly innervated internal organ and the renal sympathetic nerve plays an important role in
regulating body fluid volume and blood pressure via the modulation of renal functions. Here we summarized the
relationship between the renal sympathetic nervous system and ischemia/reperfusion-induced acute renal failure
(ARF). To clarify changes in the renal sympathetic nervous system during ischemia and reperfusion, we determined
renal sympathetic nerve activity, renal interstitial norepinephrine (NE) levels and renal venous plasma NE levels.
Results indicated enhanced renal sympathetic nerve activity during ischemia, accompanied by increases in renal
interstitial NE level during ischemia and after reperfusion, and NE overflow in the renal vein after reperfusion.
Taken together, it seems likely that the renal sympathetic nervous system is enhanced during ischemia and after
reperfusion. We next demonstrated that renal denervation or a ganglion blocker markedly overcame the deterioration
in renal function and tissue injury induced by ischemia/reperfusion and markedly suppressed NE overflow from
renal sympathetic nerves after reperfusion. In addition, the administration of selective o, -adrenoceptor antagonists
significantly attenuated ischemia/reperfusion-induced ARF, but had no effect on the elevation of renal venous
plasma NE levels after reperfusion. These results suggest that NE excessively released from the postischemic kidney
is involved in the pathogenesis of ischemic ARF, probably acting on the postsynaptic o, -adrenoceptors. Thus, the
enhancement of the renal sympathetic nervous system is closely related to the pathogenesis of ischemia/reperfusion-
induced ARF, thereby suggesting the possibility that selective inhibition of the sympathetic nervous system is useful
for postischemic ARF.

Key words——ischemia/reperfusion; acute renal failure; renal sympathetic nerve activity; norepinephrine
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B A R R TV AT B
D, FEIC T BEHE D AR I 13 B R AT < 1
E3zclidXi{mbonctwad. EHHE (2.5-5.0
Hy) O sl Bl 5 mh~as s /b
TY¥Xx7V > (NE) itz L, BiiifiEs X T
DGR A LT85, %72, BHIRIC NE
BT A LT B, R 0o gk B
RO HBAEC 5T L L HBNT NS, X5
o, ESEAEES) (RSNA) OMEEDTER 7 A+
va)FaRTar 7 s — b (DOCA)- B Al
R ILE £ 7L AR 5 5 1 SRR U 5
k (SHR-SP) DEIMIES & B2 IS Bk
BRI LRI BB B2 7 LTV B T b
AHIGENTED, TNS5DOEREHEIE, RSNAOD
FEEAL % 7o NI DY, R IR 4 O
B DR LA B - BF T L RR LTS,

VELIT R 7 1 U B RO DI AR RS
NBY, COFEE, i, L0, TR
b3SV SEANEIA b 7 o T RBRRTEE R 2
ERL, ZORE, SEEOREAHENTHS
REEFERD Y LT F =5 EORNERIEC
D, {kili - EIREOEE AR T 25 o T
WL ERENG, ZORTE, RMMEAEER
SORIEFIEIC I, EIRE D —RILEED B
FTY R VSO MR D & LT
L OHTIHEET 5 —HT, BRI
BATaOIIVMEET A LEHONTNS.
Z O E UTIE, BERRhRRULE AV i frie
FIC & B RERATBER O RO 1 FHIREAR S %
TS T ERBIEAD NE AN R L
B OB B T DROER 7 B X85 T LI
FENB. Fie, EEMEKMEEZAEE L
TR ETEE(L X 5 T L AW B MCE N
THY, RS & CIEIL L7 &
FH % MRS & 0, BRI &
2 BRI B 5 3 B AR AE S 1
2. UL, Bt A sR e omiEse B
BB R O LEE & Z DREFIC OV TS

MCENTHAERL.

AWM TERIEE A RIS B 2 B mhiE
ROWENZAMEIC T 2 T2DICEMENTZEDTH
%.

1. BEBOEMBERLEIC K 2 BRERMERE
EE (RSNA) LT/ ILTEXRT7VY
(NE) BNEENDRE

B A RE R VL B ik D B RE 72 AT 9~ % EE R (K]
FTHBMN, —HTZOBEFITHER, BREEICHE
CBET 2T ENMBENT VS, EHHEDB M
FUE, B SN KED NE i ZzZ#d U,
B L & OSBRI (6 F X4 5. LA
DOWZRICHBNT, BIMFERIC X D B REMER
MWITHET BT EDNREBENTWED, ZORLE
% BRI RENTE ST, RREETT IV
BT 5 EREMER EDEIIHS M TIE A
Mol 22T, EFREIMFFICHT % RSNA 2 H
PR SINICHIIE 9 5 7512 el 7z

RSNA (&, REIMMERRICEREIIRITHE (220E BUE RS
D) 2.5 £5) MBIZEN, ZOREBIKT (%
ERERFOR) 1.5 £5) U7zhY, MEimdid &Ez £f
ft L7z (Figure 1). 2O X51c, EimEMAKICED
B AZEARED R E N, Z D%k E RSNA DT L
TWVWABZ ENHLMNCE S T2,

KIC, RRIMHICTTHE U7z RSNA I K D B of
AR B O NE iF i 2 (2 2 2 #GEEd % H
T, BHBTPONERER invivox A 710 %
AT AV AEEZRCTHE L. ZORR, &
M2 (30-45 43) 119 CITBHIRE NE L H3
MmUY, HRERERICRKNMEZ R L (Figure
2A). CTOMERMNS, EIMMFFIC RSNA D TTET %
T LT K O MR 5 BRI A D NE iz D
KLIEEDEEZLNS.

BRIk NE 7 i 2 & 9 % C & 1d RSNA D
TR L 7R D185 720, HEERZ OB FIRMALH NE
BEZNIELEE T A, NEREIXHERBERZ (2
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Figure 1. Typical responses of renal sympathetic nerve activity (RSNA, A) and integrated RSNA (B) to

Figure 2.

ischemia/reperfusion in an anesthetized rat.
(C) Changes in RSNA during 45-min ischemia period. Values are means £ S.E.M.
*P<0.05 ,**P < 0.01, compared with pre-ischemic value.

(A) Changes in norepinephrine (NE) concentrations in dialysate of kidneys with ischemia/
reperfusion. *P < 0.05 ,**P < 0.01, compared with pre-ischemic value.

(B) NE concentrations in renal venous plasma of ischemia/reperfused and sham rats. Blood
samples (one sample from each animal) of ischemia/reperfused rat were taken during 2 min at
induced time points. **P < 0.01, compared with sham-operated rats.

Values are means + S.E.M. AREF, acute renal failure.
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SN ) ISR AIEZRL, ZDH%T AP
L7cED?D, sham #f & g U CmifiZ#ERF L 72
(Figure 2B). T A&, KEIMLiC & b 7Tk L7z RSNA
DYFETRTZ O NE BB IERIICBED % T L 2R
LTS,

PLEX Y, HEMEFIC RSNA DSBS U, BT
O NEBEN EH, &5 HEREZICIE BRI
HIAD NE FEENE KT % 2 eI Nz &
M, REIMFEERZIC T B RIEMRERDTTHE L T
W3 ENEIEENT.

2. EMEERICELSBREZTLGIC NE B
9 % ERMES &S U R REERED
R

AR R IR 7 UIC 551 3 B % DOCA-
3 4

A E RS ES)L, SHRSP O ML & O

ZHUCLE S BRED BRI & D s X N5 C

ERMEINTED, ThbOHIRIKIFEERNRIC
X % R R B 2 ) U 7SR, BRI bR
PNCHER LTz mTREMD B 5. 3 1 WiV, &
ik D 1ML R 35 2 W I FHEER AT HAIC 1, RSNA %
DT < BN 5 D NE OB R D ERR &
NTcTzs, MIFET % O B R EMRERIG L 2
gz ic kD, BmEERIC X2 EREEZ
B LIS 2 A REMEDNE 2 NS, AT, B
TR O B R IEARER O TUHED B B D FIE &
BT DOV T WA ZIRGES 5 728, HEIF
FETRIC K 2 BRI T 2 BB R LE S KU H
AR ELENEEAX Y Y = LORHRIT DN TH
a7z,

R M REARALE 1 HIZOMIRRETIE, WERE
WX T B XU BHMESEZECD, Thbik
B BRI DALE B 5\ 1 AR ETE R B
V= LOERGICE D UEEE N (Figure 3). £
Tz, HEREZB XU 1 HEOB&HIRIME S NE

Figure 3. Effect of renal denervation (A) or pentolinium treatment (B) on blood urea nitrogen (BUN),
plasma creatinine concentration (Pcr) and creatinine clearance (Ccr) at 1 day after reperfusion.
Renal denervation was accompanied 5 min before ischemia. Pentolinium treatment (5 mg/
kg) or vehicle (0.9% saline) treatment was given intravenously 5 min before ischemia. Each
column and bar represents the mean £ S.E.M. **P < 0.01, compared with sham-operated rats.
'P<0.05, P <0.01, compared with untreated (A) or vehicle-treated (B) rats. ARF, acute renal

failure.
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Figure 4. Effect of renal denervation (A) or pentolinium treatment (B) on norepinephrine (NE) concentrations
in renal venous plasma of ischemia/reperfused rats. Blood samples (one sample from each animal)
of ischemia/reperfused rats were taken during 2 min at induced time points. Renal denervation was
accompanied 5 min before ischemia. Pentolinium treatment (5 mg/kg) or vehicle (0.9% saline)
treatment was given intravenously 5 min before ischemia. Each column and bar represents means +
S.E.M. *P <0.05, **P < 0.01, compared with sham-operated rats. ARF, acute renal failure.

BEO EFICOWVWTE, BRMRLED 2 W
XY MY Y LK > THEIIHIE Nz
(Figure 4). TN HDFERMN S, EMMFRERIC X
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MEEBEARICB T 2HEEFEORIEICHET %
CEMHSMMEES T

3. EMEERICKSBEREFIEVIC NE KL
IKRTB7RLFIVE a, REEER
ROHR

CNETOMBRICENT, o, ZAIAIEEEES
n=YYEHWT, BIEEHZES 2 ERE
ICBWVT, MBIMHERERIC K2 BRGEEIVEICE

BB ESS I LT F )T TV AD
K FAIIHIT 2 L HENTOS . £, B/
B, SAEKHENE T 1175 ) r— )Lz O R
T, BRI & % L= > R S
22 LIC kDI AR RN TH S T L
WRERTOE, LhL, WX n NE 2B
DY FTZA%T RLF V) W R RN L TR
S| X LTS M OWTRE L
BENTVEG. A5, o, SEKENETSY
VT UFEXT VYV AT, AR S T YL
A2 EDfAIC LY, BmEAEEAREETIVIC
B 3BT R LEC L REh
TWaH, BRNEEREFICOVWTER LTV
Ve 2 CARTIE, BRI X DRIk LT
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B 5D NE DY, ¥ F T A%BRICHIFZ7 FL
FU UM o, ZEREN LU TEREFICEEG L TY
B diN% T, REimEETRC X 2 BEEic
% a, LR T V> > D% MGk
L7z

i P R ALE 1 HR O IR T, BHE R
BRAE P B K UBHMEE 24T, nb
Z7 RLFY Mo REKERET SV 20

eI AGH G & O gGE S iz (Figure 5). LA L
BS, TIVY OIS T, i
5 THLNIZBEEOMEIFITH S NIz >
z. TNHOREDS, BIMEAEEAREOFE
I o, ZEKEN LI /U7 RLF U Uit
(EENEEEREZRIZLTWE T LN E
Irote. iz, HEERBOBERIRMAGIH NE B
ZUELIZEC A, TSV OBMETHR G

Figure 5. (A) Light microscopy of inner zone (a-c), outer zone inner stripe (d-f) and outer zone outer stripe
(g-1) of medulla of the kidney of ARF rats treated with vehicle and prazosin (100 pg/kg) at 1 day
after reperfusion, and sham-operated rats. Arrows indicate severe proteinaceous casts in tubuli (b),
congestion and hemorhage (e) and tubular necrosis (h) are observed in vehicle-treated ARF rats.
(B) Effect of prazosin (10-100 pg/kg) treatment on histopathological changes in the kidneys of
AREF rats. Each column and bar represents the mean + S.EM. P <0.05, ""P < 0.01, compared with

vehicle-treated rats.

Prazosin or vehicle [a mixture of 10% ethanol, 15% polyethylene glycol 400, 70% saline (0.9%)]
was given intravenously 5 min before ischemia. ARF, acute renal failure.
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Figure 6. Effect of prazosin (10-100 pg/kg) treatment on norepinephrine (NE) concentrations in renal venous
plasma of ischemia/reperfused rats. Blood samples (one sample from each animal) of ischemia/
reperfused rats were taken during 2 min at induced time points. Prazosin or vehicle [a mixture of
10% ethanol, 15% polyethylene glycol 400, 70% saline (0.9%)] was given intravenously 5 min
before ischemia. Each column and bar represents means = S.E.M. **P <0.01, compared with sham-

operated rats. ARF, acute renal failure.

HREZRBXC 1 HEBO NE LN)VO FRICIER
#r 5. Z 750> Iz (Figure 6). T OFEHIE, 2 2
T THERR S NI B BRI K U B HE RS B 7K
REICBNTHONTFHERZD NEJRED L5
ZHIHI U TAS R E MBI TH o7z, KXo T, Eill
FERIC X 2 BREORIEICIE, Bliflckirsy
FTABIED a | ZHAZ N LTz NE DMRRRED
5L TWaAZ AR EINE.

Eﬁ
B

B D B IMAULEILC X D RSNA iS5 C & A
HASMCE->Tz. iz, JIEL7Z RSNA BELUE
MR 5 D NE FEEO RN, BRI EFRIC

XBBREDREICERICEG LTS L, &
SICEMKIC BT B > F T AKIED o ZEREKZEST
L7 /)V7 RLF U U HMRMEENE S LT3
CEMHSMTIES T

DUE, BImHEERIC X 2 BREEOFRIEICIZBR
B ROBE S THENERICBEKR LTS T L
A LTz, £z, BQEMRRICHT %I
IRBHED, mMEREE AR L TEITH S
AHEMEAVRIE E Nz
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Effects of LPS and CpG-DNA on Digoxin Pharmacokinetics
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Lipopolysaccharide (LPS) is a highly bioactive substance that can cause local and systemic damages to various organs
in both humans and animals, even at very low doses. Deoxyribonucleic acid (DNA) from bacteria or viruses has been
reported as one of the pathogen-associated molecular patterns (PAMPs) that can induce endotoxemia-like inflammation
in animals. We have reported that digoxin pharmacokinetics was changed by the administration of LPS or bacterial
DNA containing unmethylated CpG motifs (CpG-DNA) in rats. However, there has been no report concerning the
effects of LPS or CpG-DNA administration on the difference in digoxin pharmacokinetics. In this study, we compared
the pharmacokinetics of digoxin as a probe ligand for a two-compartment model in a transient inflammatory model
induced either by LPS or CpG-DNA. We also examined the changes in digoxin pharmacokinetics in rats after LPS or
CpG-DNA administration. In addition, plasma concentrations of tumor necrosis factor-a (TNF-a), interleukin-1{3 (IL-
1PB), and nitrite/nitrate (NOx) were determined after LPS or CpG-DNA administration (5 mg/kg, ip). The area under
the plasma concentration-time curve (AUCPO) of digoxin increased significantly on Days 1-3 after LPS and CpG-DNA
administration (P < 0.05). On Day 5 after LPS and CpG-DNA administration, there were no significant differences
in either AUCpo or clearance compared with the control group. The elimination rate constant remained relatively
unchanged throughout the experiment. The changes in digoxin pharmacokinetics in rats were similar for both LPS and
CpG-DNA administration, but the amounts of plasma TNF-a, IL-1p3, and NOx production were significantly higher
with LPS administration than with CpG-DNA administration. These findings suggest that a transient inflammatory
condition is stronger when induced by LPS (5 mg/kg) than when induced by CpG-DNA (5 mg/kg), but the changes in
digoxin pharmacokinetics in rats are influenced by both in a similar way.

Key words——Ilipopolysaccharide; CpG-DNA; digoxin; absorption; distribution

1. EU®IC factor-a (TNF-a) 3 & U interleukin-1p (IL-1p) 7%
EDQYA FhA oL, EHICHEE L, FR
Lipopolysaccharide (LPS) X% ¥4, HeE, V>~ FEE, R, KR EORIERISZ S REs

B 5755 75 LIEMER ORI A D 32 ERE ROK KUORE MO ZRRERE A G2 AT %

ﬁf,w%f%w%té§§§&%%%ﬁzﬁi —J5, NTTUTEET ANV AHKD DNA &
1,2

HYEMEOEWYIE TH %, LPS I tumor necrosis pathogen-associated molecular patterns (PAMPs)

* KBRS BRPRSEHI#7¢=, e-mail: rkato@gly.oups.ac.jp
A, RO R S LICHEI LT DTH 5.
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D1DTHH, TV R FFVURRORIEZ AT
BT UMEEENTNG, ZOMTELTE, T
Y RYA b= R K OHIRMICEALUTZIEAXAF
W vy - UV - TV EF—T 2B
DNA (CpG-DNA) MEHITY RV —L/ VY Y —
L5 1Z T Toll-like receptor (TLR) 9 Ic & O 38K &
1 nuclear factor kappa B (NF-xB) Dif kAN
0, ZNUCKORIENT A Mo U EEEI N
BLEALNTNG.

B Clc & 1X, LPS 33X U CpG-DNA #5
IC XD BRI NTZRIERICBWNT, HEYANEIRE
WETT B T L AEHE LTSN, BIOREIC
PIANQTTE=R g nd Y EORONGE = = A A QAYAN
V.

Z T T, v MICLPS # X U CpG-DNA # 5
21T\, digoxin fA N B REIC KX LPS 5 & U
CpG-DNA DEBIc OV THRE 5 H%ETT v b
ZRWHEME Uiz, £z, RIEMET A M1
(INF-o B XU IL-1f) B KU NOx DZEHjIc DWW
TEMEt L7z,

2. BB LVAE

2-1. 3k L Tk

LPS (Escherichia coli, Lot No. 064K4010, Sigma-
Aldrich Co., MO, USA), CpG-DNA (Escherichia
coli, Lot No. 084K4008, Sigma-Aldrich Co., MO,
USA) ¥ & U digoxin (Sigma-Aldrich Co., MO,
USA) ZH\Wz. T OMOAREIIRilkin 2 Tz,

2-2. LR

WS B O NI H b Wistar ST R M 1
Zw b ({KFE: 300 g 89 i, Japan SLC
Inc., Hamamatsu, Japan) 7% W7z, B iE e
24 £ 1°C, /% 55 £ 10%, HAEARER] 6:00 ~
18:00 DEREE N T, /KK K UEFEE (NMF,
Oriental Yeast Co., Ltd., Tokyo, Japan) 7% H I

HIvE Y, 1 HEBEMYEPHEE 27>, £2TD
bR, KR RZEFYIRERRAEH AT A RS A1 >
Wit TiTHo 1=,

2-3. Digoxin #¢1 1% 5-9¢5%
2-3-1. /REFERDAR

Digoxin 7 A # B HWRICTAR L, 0.1 mg/mL /A
WaRsl L, R8N 01 mgkg bixb XS
L7z, LPSIZDWTIE, ERAEKZ T 25
mg/mL &7 % KSR L, G 8D 5 mg/kg
5B K51 U7z, CpG-DNAICDWTIE, 4AME
Sz VT 1.25, 25, 5mg/mL &7%&5 K51
PHRIL, 58N 25, 5, 10 mg/kg £x5 K5
IZ L7z,

2-3-2. FirEB KURRREGE

—Weke B L7z F v k% diethyl ether IZ & > T
JBRRE L 7212, FINEICEMEE L, SEIRIC 100
U/mL O~ AER AR Zm LI RY T
F L ~F 2 — 7 (PE50, Becton, Dickinson and
Company, NJ, USA) ZHWCh=al— a7k
Wi L7z, IfkiEEE 2k d 5728, 1—=a—L &
» 100 U/mL O~ AR EER Z 0.1 mL ¥
AL, ZLYATIESDT. LPSHEEHHICHB N T,
LPS (5 mg/kg) ZMEENKEG L, &5 1, 2, 3,
5 Hi&lC, ar ba—)UEELRIERD /7% T digoxin
DR EEIT> Tz, ar ba— VBRI EHR
g (2.5 mL/kg) ZMEENREG L, &5 1 H%
IR > TR W T digoxin (0.1 mg/kg) Df%
MG 7ziro 7z, R, KRR Oz b
Jih e 52T CHE LTz, CpG-DNA 5 EHC I
Tl&, CpG-DNA (25, 5, 10 mg/kg) 7ZHEHEN
B5 L, #5 1 H%ic, oY ka—)VaEtL FEkED
731% T digoxin OfR A& G 217> 7. F7z, CpG-
DNA (5 mg/kg) IcBW\TIX, #5 2, 3, 5 H%
I, a ¥ bo—)UBEEFRBRD T digoxin D
RORG 217> 7.
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2-3-3. $R1fn

BRECORMATH NS 15 KM B e L
7o, BRIE digoxin & G E wl, &E5®% 1, 2,
4, 6, 8, 12, 24 KCHHFMREK O RifL7Z217-
To. BRIMICEEL TR, SfRA=2—L X0 T
figkifl & U Ciik# 0.3 mL Z£Rif L 721%, &
PRifL & U Tl 0.5 mL ZERifn U7z, Ttk
M CR7zMKE, SRk =a—-—Lh55y b
IKRL, E5IC100 U/mL N8 A B AR
#0.1 mLEFALTCHZ a— L&z Uz,
U 7zMmiiiE, FHNN) VB L 72R) =5
LyFa—7TiER<BL, @Ok (himac
CF16RX, Hitachi Ltd., Tokyo, Japan) 7% FH\ Tz
D BEEFTO (500 X g, 10 min), B5N iz
4% 250 pL ZHREN U TR EsiE Y > 7L
bl O¥

2-4. Digoxin I DHE

1% 5 Nz m%EECR 200 pLIicBR % > 28 7 A
(Abbott, IL, USA) 200 pL Z#hnL, s I+
Y —T 30 BHHHEZ, 500 X g T 5 77 a0
BT, B3 250 pl &2 D THO R
e (FPIA i : TDx Digoxin®, Abbott, IL, USA)
I & D digoxin DERZITo 2. 73, 5 ng/mL
DLEDOREICDWTIE, WHEICKD 150 ng/
mL X CHIEZIT > 7o, AREHT B % Jl5E i
&, 0.5-150 ng/mL TH O, HNZHBLUTH
MZ#E 5% LUNTH - 7z.

2-5. M4 TNF-a, IL-183 & T NOx Ol

LPS (5 mg/kg), CpG-DNA (5 mg/kg) ¥ K
UM Gan, ®51% 3, 6, 9, 12 K
I, diethyl ether IC & % kW N C, SAFIREK O
i (0.5 mL), BRZ /371, BWrEoRiE
WU 7.

Bifn U 7z 53R 2 - T, INF-a B8 KT
IL-1p % ELISA # (Quantikine® TNFa/IL-1B,

R&D Systems, MN, USA), NOx (& Nitric Oxide
Assay kit (Fluorometric, Calibiochem, CA, USA)
ZRWTHIE L.

2-6. 7 — 2 b
Digoxin O [fi 5% FR i EE R Hh# R ik (AUC,,)
B i TR L. Digoxin Of17 YV
7 Y ACL/B)IcDnTid G / AUC, I &b,
HRHEEER (K BHEMHOMEE NS/ L.

2-7. #iatfihr
MEMLE L Dunnett & 2 FH W, il I & B
5% Alili (P<0.05) ZHEREEDD LHE L.

3. /R

3-1. Digoxin #¢11¥%¢5-92%%

LPS (5 mg/kg) ¥ X U CpG-DNA (5 mg/kg)
51, 2, 3HBTIRaY bo—)UEEL LB L T,
AUC,, DF R 5Ntz LPS 5 1, 2,
3H#%B XU CpG-DNA#: 51, 2 H#% Tlid CL/F
DHEEZRANRD SNz, LPS B X T CpG-DNA
25 5 HIZIC BT AUC,,, CL/F & & ARRE
FEEd NG —77, KicBiL T, av
ra— VREE LEi LT, CpG-DNA &5 EHCHWNT

BRAFRD SN -7 (Figure 1, Figure 2,
Table 1, Table 2).

CpG-DNA (2.5, 5, 10 mg/kg) # 5 1 H#&E T
Far ra—)VREE LT, CpG-DNA1O mg/
kg # 5 REHCIBVT, Cmax O EINNGED 5
NT=7, CpG-DNA 43 5B Cld A A T30
boNEN> . AUC, ICDWVWTIE, a»ha—
JVBEL LE#E U C CpG-DNA 5 REICBWT, FE
RIS 5 NTh, CpG-DNA #5455 Tl

BRAHIEED NG - T (Figure 3).
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Figure 1. Plasma digoxin concentrations in rats treated with (¢) or without (©) LPS (5 mg/kg). LPS was administered
to rats intraperitoneally, and digoxin (0.1 mg/kg) was then administered orally on Day 1-3, and Day 5.

LPS, lipopolysaccharide. Each bar indicates the standard deviation (mean = SD, n = 4-5). "P < 0.05,
compared with the control group.
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Figure 2. Plasma digoxin concentrations in rats treated with () or without (©) CpG-DNA (5 mg/kg). CpG-DNA
was administered to rats intraperitoneally, and digoxin (0.1 mg/kg) was then administered orally on Day
1-3, and Day 7. CpG-DNA, bacterial DNA containing unmethylated CpG motifs. Each bar indicates the
standard deviation (mean + SD, n = 4-5). "P < 0.05, compared with the control group.
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Table 1. Pharmacokinetic parameters of digoxin in LPS-treated rats

LPS (5 mg/kg, ip)

Control Day 1

Day 2 Day 3 Day 5

‘?Ighch%b 50.7+153 88.8+19.6"

CL/F 505 + 141 284 + 62.6™

(mL/min)

Kel ¢l 0.10£0.06 0.13£0.05

94.1+194" 8541367 43.9+6.32

252 +40.4™ 283 +£110™ 581+£80.1

020+0.12 0.18+£0.11 0.07+0.02

Digoxin was orally administered on Day 1-3, and Day 5 after LPS administration. Control is no LPS

treated group.

LPS, lipopolysaccharide; ip, intraperitoneal adminstration; AUC, area under the plasma concentration-

time curve; CL, total clearance, F, bioavailability; Kel, elimination rate constant.

Data are means £ SD (n = 4-5). Statistical analysis was performed with the use of the Dunnett's test.

'P<0.05,"P<0.01, compared with Control.

Table 2. Pharmacokinetic parameters of digoxin in CpG-DNA-treated rats

Control

CpG-DNA (5 mg/kg, ip)

Day 1

Day 2 Day 3 Day 5

AUCpo
(ng-h/mL)

CL/F (L/b) 0.60£0.06 0.38=x0.10"

Kel (h) 0.17+0.04 0.18+0.05

41.3+5.0 75.7+16.8"

70.3+4.1" 68.1 £18.9* 53.7+17.7

0.36 £0.03* 043x£0.11 0.59%0.20

0.16 £0.01 0.15+0.02 0.16x0.07

Digoxin was orally administered on Day 1-3, and Day 7 after CpG-DNA administration. Control is no

CpG-DNA treated group.

CpG-DNA, bacterial DNA containing unmethylated CpG motifs; ip, intraperitoneal adminstration;
AUC, area under the plasma concentration-time curve; CL, total clearance, F, bioavailability; Kel,
elimination rate constant.
Data are means + SD (n = 4-5). Statistical analysis was performed with the use of the Dunnett's test.
"P < 0.05, compared with Control.
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Figure 3. Effects of CpG-DNA (2.5, 5, and 10 mg/kg) on AUC,, and CL/F of digoxin.
CpG-DNA or endotoxin-free distilled water was administered to rats intraperitoneally, and

digoxin (0.1 mg/kg) was then administered orally on Day 1. No significant differences were
observed among the CpG-DNA (2.5, 5, and 10 mg/kg) groups in AUC,, and CL/F. AUC, area
under the plasma concentration-time curve; CL, total clearance; F, bioavailability; CpG-DNA,
bacterial DNA containing unmethylated CpG motifs. Data are means = SD (n = 4-5). Statistical
analysis was performed with the use of the Tukey test. "'P< 0.05 and ~P< 0.01, compared with
the control group (without CpG-DNA administration).

3-2. I TNF-«, IL-18 35 & U NOx S
3-2-1. LPS & 5.8

IfAEH TNF-o J4E51E, > b a—)UEEClEimE
HTNF-o i3 S iz o 7zoicxf L, LPS &5
BECIZ LPS ¥ 54% 3, 6 HlcA=IC FA L (P
<0.05). £z, ZTOEHDONTIELPS H51% 3
RFMRRICIRAMEISE L, 7 ORIEREFMIC D U
7z (Figure 4a). I IL-1p &R, a2 ha—
JUBE T IL- 18 fHId M T Miah - 7z DI
xf L, LPS &5 RETIZLPS % 51% 3, 6, 9 R
WCHRICER L (P<0.05). E£/z, ZOZEHEIC
DV LPS 54 6 KeflIiC e RIEICEL, Z0
BT LTz, LPS 514 12 B2 T
Fayhu—LE e DRICERGEZZED b NIX
Mo 7z (Figure 4b). IfAEH NOx iB#id, a2k
oO—)VREE HER LT, LPS 58T LPS %54

6,9, 1I2FfIICAERIC ER L (P<0.05). %z,
LPS ¥ 5. 12 Fffil £ TOMEHT BV TIX, NOx 2
JEIX LPS &5 12 K MR K TdH - 7z (Figure
4¢).

3-2-2. CpG-DNA i858

fAErh TNF-a #2EE, 3> ho— VL LEig L
T CpG-DNA (5 mg/kg) #4553 RflfzICHRIC I
HU, TOBIIERFMMEDL 6, 12, 24 K
BICFHERZAITFED S NIEh > Tz (Figure 5a).
M IL-1p MR, T ho—)UBEE HIRL T
CpG-DNA # 5 6 Bl IcHREIC LR L, Tk
ERREEIICIRA L 9, 12, 24 REfIRICIF AR
AFRD S NG o7 (Figure 5b). 1fiAEH NOx
IR, oY ho—)UfE ik LT CpG-DNA #
512 REZICERIC ER L, ZORIGIEIIC
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Figure 4 (a) Plasma TNF-a concentrations in rats treated with (e) or without (©) LPS (5 mg/kg). Data are
means + SD (n = 6-10). (b) Plasma IL1-f3 concentrations in rats treated with (e) or without (0) LPS
(5 mg/kg). Data are means = SD (n = 4-6). (¢) Plasma NOx concentrations in rats treated with (e) or
without (0) LPS (5 mg/kg). Data are means + SD (n = 4-7). LPS, lipopolysaccharide; TNF-a, tumor
necrosis factor-a; IL-1p, interleukin-1f; NOx, nitrite/nitrate. *P< 0.05, compared with the control
group (without LPS administration) at each time point.
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Figure 5 (a) Plasma TNF-a concentrations in rats treated with (@) or without (©) CpG-DNA (5 mg/kg). Data
are means = SD (n = 6-10). (b) Plasma IL1-f} concentrations in rats treated with (e) or without ()
CpG-DNA (5 mg/kg). Data are means + SD (n = 4-6). (¢) Plasma NOx concentrations in rats treated
with (@) or without (0) CpG-DNA (5 mg/kg). Data are means = SD (n = 4-7). CpG-DNA, bacterial
DNA containing unmethylated CpG motifs; TNF-a, tumor necrosis factor-a; IL-1f, interleukin-1f;
NOX, nitrite/nitrate. P < 0.05, compared with the control group (without CpG-DNA administration)
at each time point.
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WU 24 B2y ba—)LEt e ORIC A
BiEZERDN GO0 a Yy Fu—) L
O muEzR L7z (Figure 5¢0).

4. ER

4-1. i) DR hH,R 77 I =A  OUP-16

LPS (5 mg/kg) Z&EG LT v FlcB8WT
digoxin fANBIHEIC DWW THEET 21T - 7. Digoxin
RORG ORI S, LPSHRE 1, 2, 3HEIKE
WT AUC,, DEEE LAMSED SN, iz, LPS
51, 2, SHE T CL/FAERICHA LT
(Table 1). LML, LPSEE5H#ETIEFa Y ba—
VRS L THRG AR ONEh T2 e
5 LPS #5.1C & % digoxin fRNEHREIC K9~ % fE 4
&, LPS#5- 1, 2, 3HBMPRETVWEEZ LGN,
X7z, KiW—ETHo7T b, AUC, W L5
U 725 A digoxin DY E DGR U 72 AT Re LAY
RNz (Table 1).

iZ, CpG-DNA (5 mg/kg) Z#%5 LTy b
I BT digoxin ANENREIC DWW THEET 217 5 T2,
CpG-DNA#5-1, 2, 3H®%TIEaY Fru—)b #f
LT, AUC, WAERICHEMML, F7z, CpG-
DNA# 5 1, 2H® T CL/F WA EICHE D L
7z (Table 2). CpG-DNA 5 7 HZIC B\ Tl
AUC,, BXU CL/F L EHEARARBRD NN >
2. Kg KBIL T, av bo—)b BEE LT,
CpG-DNA # 5 REHC BV THER ZIZRD b Nk
Molz. TNHORRNS, CpG-DNA#E 1, 2,
3 AICFBW T digoxin D AUC,, X U CL/F 1328
B, ZOE%E CpG-DNA#KL 1, 2, 3 HigH
FHCKRENWT EMHSE M &2 57z, CpG-DNA #5:
BHCHBWT, I ha—)UREE i LT Cmax 1E
10mg/kg &5 THEXR LAMNED SN, &
REBHMTRARLRZHEIED S NAEh o L.
AUC IZDOWTIday ba— Vit L g L TR&RS
HECHRGENNRD DN, SR GER
TRERBGLZHEIRD NGNSz, LEED- T,

&5 EARNEIRED Z B BEMED NE N LD
R E N,

LPS# 55 v MTBWT, RIEWY A M1
(TNF-a BE T IL-1p) B KU NOx D pEEHAAEE
»oniz (Figure 4). YA S AV OFBIT &
LT3 LPS AV TLR 4 12 & 0 727 & 1L NF-»B D1
ML D, ZRICKORIENY A A1 2D
BEENBEEZBNTNS, CpG-DNA (5 mg/
kg) #55 v MBS IMIEH TNF-a, IL-18 ¥
KUTNOXIZDWTE, AREEFAEANEDEN
7z (Figure 5). MM#%EHH D TNF-a, IL-1, BXK T
NOx i 1E ZNZ N CpG-DNA % 514 3, 6, 12
RERIC —@MEIC BAR L, Z ORISR LTz,
YA ML VORBAEFELTE, TV FYA
R — 3 21T & D HIFIPIC 2 A L 72 CpG-DNA hfs
LY RY—L/VVY—LICTTILR 91X DR
ik & UNF-»B OIEME LT O, ZFHIC K D RIE
VA N A B R NB L EA BTG,

LPS % & U CpG-DNA 2 G-I, TNF-o & HLig U
TIL-1B 5 & U NOx D FE KA BN 7= i &
L Cid, NF-xB OiEMILIC & O TNF-a DFEAD
BXN, THICHIEHWVTIL-1B X T NOx A
CpG-DNA Highi % 7z1& TNF-a Z /T L T8I Nz
tEDEEZ LN

Z v MZBWT, digoxin i& CYP3A2 T
XU P-gp CHElERT 32 L MG E N TV B,
F 7, RIEMICH T, CYP3A2 5K U P-gp D
HBBRBRIUOEENMET T2 EMHEEINT
W5, ZOFRNE LTI, REEY A M1V
(INF-a BXKUIL-1B & E)  NOx D5 MWNE 2
ENTWS. LEh->T,LPS 5L T CpG-DNA (5
mg/kg) #5IC X % digoxin (AN B REZ ) IX, —
WPEDRIEIREENGF R I NIz 2ic kD, REM
YA MHA R NOx DEANERKLIZZ EICKS
LDOLEZ LN,

LPS % & U CpG-DNA (5 mg/kg) #% 5 W
digoxin (0.1 mg/kg) ¥5 % DIMKNTIAE S
A =R d % &, [FAROEHZ/R L7z (Table
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1, Table 2). —75, LPS (5 mg/kg) G & Lt
i L C, CpG-DNA (5 mg/kg) % 5 WD TNF-a,
IL-18 BX U NOx DFEARIGDIZNT EMHS D
&7 o5 fz. TNF-a, IL-18 B XU NOx DL &%
RIEDFEE DI L U517, CpG-DNA (5 mg/
kg) #ERFDIZ S HLPS (5 mg/kg) #H5HEE L
NTC, RIEOEEIFFHNEFEZ BN

DLE, A#FZE 5 CpG-DNA O#5-& & digoxin
RN BREZ BN IEBE D T W T EAH S e
72 o fz. %7z, CpG-DNA (5 mg/kg) # 5 KD
&5 W LPS (5 mg/kg) &G & HEANT, RIED
MEZHVWEE X S5NH, digoxin (0.1 mg/
kg) BEBHDOIFEYMANENRE T X — 22 LT %
L, FARROEHZ/RT T EMNHSN K>, L
72> T, digoxin ANEIREIZ B EH PED RIED K
TEOHE (BR) TiE%RL, HEOHMK (T
DNFEYENRRIC B e RF S AT REMEAV R E Nz,

5. f&sE

CpG-DNA D55 & digoxin ANBIREZ HIC X
BEMEN RN EWH SN RS Tz £z, CpG-
DNA (5 mg/kg) #&5KiDIE S5 M LPS (5 mg/kg)
REREHNRT, RIEOREIIHVEEZEZ DN
7, digoxin (0.1 mg/kg) 51 DIEY A NS HE
INTG A=zt 2L, FAROEHZRT L
MWLM E RS T,
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