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COX
cPGES
CSF
DMEM
DMSO
EIA

EP

FBS

ICso

IDso

IL

IP

6-keto PGFia
mPGES-1
mPGES-2
LPS
NSAIDs
PBS

PG
PGDS
PGES

PGIS

cyclooxygenase

cytosolic prostaglandin E synthase
cerebrospinal fluid

Dulbecco’s modified Eagle’s medium
dimethyl sulfoxide

enzyme immunoassay

prostaglandin E; receptor

fetal bovine serum

50% inhibitory concentration

50% inhibitory dose

interleukin

prostaglandin 1> receptor

6-keto prostaglandin Fio

microsomal prostaglandin E synthase-1
microsomal prostaglandin E synthase-2
lipopolysaccharide

nonsteroidal anti-inflammatory drugs
phosphate-buftered saline
prostaglandin

prostaglandin D synthase
prostaglandin E synthase

prostaglandin I synthase



PWL paw withdrawal latency
X thromboxane
TXAS thromboxane A synthase

UDso 50% ulceration dose
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“OIE” ITAMEIR KUK 2 B ERIHIRS T D, RIETIE TR, “FEE,
“MEAR”. YT AR E T ABUENELL LN (TAVARAAD 4 #lE) . ZbORIGE
EEMOBEEEZ BN E LT Z 5, SRIETARE L7 MIa=eii Mo S5 S b e A
B2, TaAL T TP (prostaglandin, PG) 7% & OFE 4 DAV AR EWEIC L - TH
BIhbd, B St @2 E s /R LT St 2 i S, £hic X
D MAER Sy DBHDE S & 720 | GERT~ORIEMIORE 22T, /o, v/ =2 b
V2 EIAFPEROWEE ZARET D, GERFTICERE LT ERITAERIC L > TR
o2 WITHIEMRZ RET DL L ITY A M A o RF R B R 2 EAE L
SOICRIEZIERIE D, MkOEEN—BK T2~ u 77y —URilEESh, Ko
TR E R ET D, 29 LI —#HOMIGZ R TRIEITKE L, MEROEE 5T
TT5, LinLianb, BV v~F72 ol oaERERICEWD TIIIENHRE I
RWIMFE U, BUERIEL 2D 1 BaLOMIRIC X v FERF-CIER, #72 & DERE
IR ORI B EBMERIEN D> TnD EEDNTEY | BERE LR E DD D 2
FHINTETWND 23,

RIED 4D 1 > TH D WA b ETAMERR KUK D AR D 72 6d> D B
SRS TH D, EENRN BIRAZE CRWIERMEIERIERE Tl KE., #GHHE
B BRI 2AMEEZ T EEREAFIITOZEICR S TICEELL
TLES ZERZW 4 T, lHEORKE® 2\ IFIME OTRIRIC B 5 %2 72 R %
HE 2 TR A D3 i 9~ 2 18 Tl E S PO D& B 2l L. 2 B IR A E W%
H72 57 5, BERERETITEEBEAEL TCVWDIHEELHY ., EFEOENRFELKT
T 5, FEECBEES ) o~ T RENR L LEL LERITIRATH L ERESNTND S,



AT 1A RPEHIARIEA] (nonsteroidal anti-inflammatory drugs, NSAIDs) 1325 4% BA
JERCRE U v~ T, R ERERR IR AN STV D IR TH S, NSAIDs DIEH]
BFIZy 7 a4 %7 —F (cyclooxygenase, COX) -1 3L COX-2 DILETH D,
COX-2 ITRIEFNMIZ K o THREANFHE SN DR T, RIESUSIZIBN TR E o H 2 %
L TWDESbRTnD, —J, COX-1IXHEFIIRIL L TV HEER T, W LEIR#
TER7Z EICBb L Z R TnD 7, 2078, NSAIDs 12 X - T COX-1 23fHE X
WD &L E R E DN L. 2 OfE5. BIRER EOMLERELZIET D &
EZHNTNWD 8 22T, WD NSAIDs L LTELakxryonrycaxs 7,
PVT A v T e 8D COX-2 BRMFLERA R S iz * 10,

TRSNZE Y | COX-2 BRI FEANINER D NSAIDs & Ebls: U T LB FEEIEH 25
BINZ EAVRENE B L LARDL, u7=afx v 7 ORBE TR ME HK
E LT RWIE RISV T, DAEIECINEIE & W o 7oL iE A X hD Y R
EHRKIEDLZEBHLMNI o724, ZofREZ T Ca T s ax TSNS
WOB U722, 7 A U H CIXEWERAWES IC L 2 EMNFFRAN K Z Shd ke ERE tta
BEIZRBE LT-, ST ax v 7 BARRICLME A X2 b U 27 BHERT D 2 & D3RR
BRCRENTlOfikE 7o, n72cax 7 B0V T a7 o0 mEA X
YRV RIZEROAD=ALNEFHLEN I TW 2WEDD, Fr rRxH v
(thromboxane, TX) Ay & PGL OAREIEHAFIK & DG RE SN TN D 7, TXAs
iR EEEER 2 A L, COX-1 241 L T/ MR GEA SIS, —F5, PGL T ik EEE
MHEER 28 L, MENKZIZBWTEIZ COX2 2 LTHEAEASND, T72bhH, COX-2
ERAIBREAI ORI X 0 iR EEEISEIVER 2835 PGL OEAMNMK S5 — T,
MEEEFEER 2032 TXA, DPEEIITHEL 2N &b, 2 b OFFIRF D/ Z
VAN MREEE LI 2 & TLMERICEREL KT EEZ LD, LIER-> T,

F 0 BIEH O 72 B IR R EIR A OBRE N E Fh TV 5,



PG IZHINTT 7% RV b A — RiIC k> TAEAR SN D EHEEME TH 5
(Fig. 1-1), 7 7% RUEEIZ COX 1T L > TPGH, & 72V . PGH, 13 & 512 PGE A kEEE
(PGE synthase, PGES) . PGI & %% (PGI synthase, PGIS) . PGD & %3 (PGD synthase,

PGDS) B LN TXA &l (TXA synthase, TXAS) 72 & DA KIEHEIC L > THix ® PG
ICEBEND, ZHODORKEDD S B, PGE TR bRBEMRRIEAT 4 ==X —L L
THLATEYD, RIEMEHIZEBOWTHEIERERFIZRIZL TN LB HNLTWND,
PGE; I PGES IZ & - T PGH, 7 b 2B S 415 23 PGES (121l & PGES (cytosolic PGES,
cPGES), X7 1Y —APGES (microsomal PGES, mPGES) -1 35 X ' mPGES-2 ® 3 D
YT ZATHPEAET D2 EBMBILTW D, ¢PGES 132 < DM O HBEE I 1 H B9 F
BLLTHEY ., EROMEF MRV E R PGE FEAIZR D > T2 ¥, mPGES-2 I3/&EIC
TEREIC B L TV DD, EOREERIZ O W TIEARBZ2 S 2320, mPGES-1 [£[A] U < &k
?® PGES 7275, ¢PGES X° mPGES-2 & (35720 1 Z—u A % (interleukin, IL) -1 X2
U RZ¥BE (lipopolysaccharide, LPS) 72 & DRIEFITLIC L > TRENFEIND, I HIT
RIETBALCHEIEAL 2 & COX-2 B EFBL L TV DLV T mPGES-1 & COX-2 D
HRENBFEOHNTND Y, b OFHA S, mPGES-1 BRIEMER B OFFEIZE D 5
FE/2 PGES & L THEREL TWD LB X HAILTU5,2002 FFITHEAL 512 X > T mPGES-1
Sy 7T U b~ U ARERES TR 2, RIERGI X ORIEMEIRIZ 1T % mPGES-1
OEBEERH LM SN TE 22, L2 -> T, mPGES-1 DLEH 5\ X PGE, PEA
BRI INHI L7236 T 6 . COX-2 EIRABREAI & [RIFRE OHLIIENE A AR S 1D,
E 52, PGH2 705 PGEy ~DEHTI T 0 A K ) A RERDKEEETH D Z &b,
PGE; FEA Z B RAYIZHNHI L TH PGL B LN TXA, DFEAT B 7 7 A )L Tl bl i
BARY N AL G20 EnlifF s g 2, L7z23> T, mPGES-1 [
Al 72 & OFEINE) PGEy PEAEPHFERI D H7Z 2 HREWIFEDO 2 —7 v & LTHER S TWY
Do



—J, RS TR AR TP 0O—FfThs PGL & RIEMKSITIBW THEREE
ERIZL TS EEDNTWS, PGLEEIL (IP) /v 77U b~T ATIIFHRT A ¥
YITETIMCEBWCTIA DU TRIGHIHIEN D Z ERfE SN TnD 3, E2, 1P
T AT BT o WE ORI K E T B THAEERB L OEFIER 2R L
T ERRESNTND B2 LER-T, IPT U IR NG ERERED ¥ —
7y b ELTHR SN TWA,PGE; & PGLIZW T 4L H COX-2 D it CHEASND T,
COX-2 BIRMJLEANZ LV PGEx & PGL W5 DEELDNH S 575, PGEx & PGL D &
LONRIEMSICBN T LY BETH DA EPELEMRGE L2 RBRII I E TR
HIN TRV, £ 2 TARMIETIL, PGEy, PGLZNEND Y 7 F NV ZHET DG
ZHWT, RIEB X ORIEMERIZI1T 5 PGE2 38 KLUV PGL DT HIZ DWW THRGET 5 Z
EHHME LTc, HB2ETIL, BEAEY b - 7y PENEIITIENEZ AT 28R
PGE: A ERI OB 21772 - 70, 5 3 BTITE/LET v MUER L ORIEMEERET v
28T 5 PGE, DFHHAIZOWT, BT v b TIEMEZ R T8 IRA) PGE, FEAERREH 2 v
THRFE LTz, 3 4 BTIET v PRIEET MIZEIT D PGE: DHFHIZHOWT, 7 v MIE
P % R 9IRIRA) PGEy FEAERREAZ W TRREEL 72, 3 5 = ClX. 7 v MRIEMERE
TIZB W TR PGE FEATHEAIB L NIP 7o ¥ T=X hEHWT, ZNEh%H
P58 2 WO L7286 O 8RERIZ DV TRGE L7z,



Fig. 1-1.
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%2 3 BN PGE,y AL ERI O AR

)
e
il

ZVE TITHERIGH S3 TV A NSAIDs (% COX-1,2 & 5 VM COX-2 IR FHEH| T
oIz, PGEy Z G T D (H2HWIIHEED) T u A2 ) A FEADMGISNLD, £
DIz RIEMELIFICIT D PGE, DGOV THGET 5 7291213 PGE, Z BRI
HT 2ILEMRMETH D, T E TIZ mPGES-1 BLFEIZ X 2 3IRAY PGE, pEABLEHIX
WS OPESINTNDLHDOD, BOFRGIZE > TRHIiTE 2{LAaWOMEIXIZE AL
e 2, EENER G 8 5 VI BTG 72 SR O LS OB GIEO G BERALIZRE N T
RIENFEE L, ERRIISHEE LI RIEDX I ST L % 9 counter-irritation 73 F8 424 % W]
REMEDR B2 2, L7chio T, ALAWOEIEM % 1E L < -3 5 72 DI 138 1 # 5- vl hE
7RI PGEy PEAETHERZ WL DN RY EE X AETIIMA DILEYMOHAG 21T

ol



2-2 Fik

~/udy =7 vkA

ENLEY b~ 77—V T vBEABIO Ty h~/un 77—V T vEeAITFNE
AU 3 B 32,55 4 B 4-2 ([CRLE L 72 FIETHEM L, PGE, & TXB, &% EIA % | (Assay

Designs) Z MWW THRIE L7z,

(G 22 e PERER
R EERBRIITF I 70 Y =22 AW TER L, TAEy MFIZ7rY—2A41F

Male Dunkin-Hartley guinea pig (In Vitro Technology) . 7 v hf I 27 & ' — A Pooled SD1
rat liver microsome-male (XENOTECH) Z /M L7z, MUGE#IZ, 10 mM p-2 /L 21— Z-6-
U= M) o LE—KY (Y = ZVEERE) . 1 unit/ml 7V a—R-6-1 SRS
t Relsr—8 (AU ZAEER) BEO33mM b~ XA (FHTA4T R
7)) U L72 100 mM Y > EEREMER (pH 7.4) 12, o417 1 Y —2 (0.1 mg/ml)

EHRMLTE SO TH D, KISWRICFHIEEY (1 uM) Z i3I0 L 724 37°C IZHME L 10
SET VA F 2= g U L B-=aF T I RT T2 UX I VAT R U (F
U ZVEERE) HRKEREN 1mM &7 5 X HIZBIML T3040 A rFaX—hL,
KLtz 7 & b= F U A2 L TR 21k S 7, AR OfffT L LC-MS/MS %

MW T2 72,

LC-MS/MS fEHT

LC-MS/MS fEATIZIZHI Z EERER RGO N7 F= MU V@A L THW
72 LC-MS/MS HIEIXLL T Ofgs 2 W CTiT72 o 7=,

HPLC v AT A : Agilent > U — X 1100 (Agilent Technologies)



Mass Spectrometry :

77 I
BHEfE

VA aVA=0 2 N
PR
RtE—

API14000 (Applied Biosystems)

Shim-pack XR-ODS column (2 mm x 30 mm, Shimadzu Corp.)
A:5mM Fife7 =L T h=hFVU)L=5:095
B:5mM FEiET > E=7 L T F=hU/L=95:5
A/B=99/1 (0min) ,50/50 (0-0.1 min) ,50/50 (0.01-0.5 min)
0/100 (0.5-1 min) & T 0/100 (1-1.75 min)

0.75 ml/min

MRM (multiple reaction monitoring)



2-3 R TFT = )VEEIK BT4e DS

IR PGEy FEAEFAEFEA DAl & LT ALEW BTla D L 9 e F7 Y — )LiFER
NE LTV (FE— NS L V), 2o BTla (Fig. 2-1) 1XE/LVE vy Mk~
07y =BT 5D PG EAMEFMRICE N T, TXA OEAZMGITH 2 &7 <
PGE; FEAE 2 B IRAIZ NI L7z (PGE2 ICso= 1.9 uM , TXA; ICs0 > 30 uM),

BTla U — MM & LT, X0 mEiEE - @RS L0 7 e 7 7 4 v o B L
TAbEMOEGEZ B & U CRREREH AT/ 5 7. BTla Dy &2 R Y F7 > —
VR (A B . B_Y DU R R (B BRI BEOT /v mad Y U8B (C
BRER) D 3 AT OF R 0 L CRBEARL - (B 21T 5 2 & I2 X 0 2hRAgICFF 8K
BB & 1T 57,

FEMRER CTAER LIRERMEED % Fig. 2-1 1277, CEREOREICBNTY A
DFSARBLE THD A FIVH BIKIEEEZEANT 5 Z L2V BTla & il U CTiEME
238 30 £ b L7z BT4b (ICso = 0.064 uM) Z W L7z, BURIEWZ L2, BT4b O
{KToH 5 BT4D’ 1T7 0 A% ) A READERMEZ ZRTHOD, ZOIEHEITK 10 (512
FEFIWNZ LAV L7z, I, CBREEZR S RWIEMEA R LT X/ 7 b a— URIZ[HE
ELTABRMORMAZIT o7z, TOREK, ABMO 6 (Ll ATFNLEZEAT LI LICE
D IEPEDMETR L7z BT4d (ICs0=0.023uM) %4372, S HICIN a7 v RIRIIEHT D Z
CWZEVENLEY I Y = LPORBILENEN 37.4%F T L7 BTde Z iLH L
7o



A5 BIRES

BT1a
1.9 CIREf

>30
Not tested

FEKER

26.1 0
@ < . Fsk
N BT 4b’

OH

Compound No.
Gp PGE;ICso (uM) § go7g
Gp TXA;1Csp (uM) R S [0} OH .
Gp fUHZESE M % at 30 min '>"N:>_( Not tested
% Gp : Guineapig N N
H
OH
BT4c,R=F BT4d,R=Me
0.021 0.023
11.7 12.0
374 20.0

Fig. 2-1.
modification of BT 1a

10

Improvement of an in vitro PGE; production inhibition activity through structure



2-4 RS FT = VEBENOX ) EBEAOEERL LN Qde, Q4b DIELR

AIETH LNV F 7V — LB ERIIT LT v PEHEOHIIBIZBWN T, 7r A%
J A ROEAREDRmWEIRMEZ /3 &I, 38V PGEy EAMEEMEZ R~ T 2 & 3
ST Tz, —F . WREREA OB TRV SN 08 TH 5
v MIRO~ 7 17 7 — 2%k L CiE PGE: FEAEBRLEEMED KIEIZIE L7z (ICso = 1.5
uM), £ 2T, 7 v MIRTHEEOM EZ B L, SOR5FBEREBRZITRo7,

FHEERAICEVEGEONTALEMD T Y FHRO~ 7 0T 7 —IITxT DGR X
OMRETEENEZ Fig. 2-2 1R T, RIS, ABRHOXR Y F7 Y — )VEKE 2 O B
PEREER B X NHER S BRI~ DLW AT IR oTc, TOfRER, Ty h~ornv77—I2E
W 720G LU PG IR A /R T | (LE#S Y o I 7Y — ViFERE R &
I, KVEET e 77 ANADHRE LT 3 7 == Viglix ) U U8R E R LT,
RHEE7=% 7V U8R Q4c 1XT7 v b7 v Y — AHFOMHIZEMED 0% & FEFITE
Iolele, 7y MBI DR ENDOWEZ Bfs L THE CEREMOER LT o1,
YA~ UREOE KX U AFUEOREEZERT S Z L1280, REFLEER
WELZ13 FT7 AR QAd BL U 1,4 2 2K Q4h 2572, RIT. B Ruak AF LK
R DRBPED @S WBEBIETH D DN NEA NIE~L TS5 2 L2k RBTEEN
EHICHELTE Qe BLONQ4i #1587-, WA AREANEOBHZEF A LICT L L E4E
AT DL IEERIEA BT AN RGNS —T, RBILEMEITES 2D Z L
7= (Q4f), EBIT, IANEANEE I NVREFI NI~ LERT L2 LI2E0 ., HHE -
R EME 2 WL L7 Q4b 2 R L7z,

11



ASE FIBEORR

F s o AROER NR AROER
Aetoiay 2 o], e,

BT4c
15 cHis Qic i
5.2 0.12
Not tested 18.1
CEOEH 0.0
o Q4d Q4h
u-§<:5> 0.041 "%—Oq 0.15
o 126 H OH 214
28.2 19.2
- Qde Qdi
N - 0.011 '*;J_O_XI_ 0.0035
{ H NH:  >1
% NH, 31
07,— 2 55.4 (0] 39
- s Q4w a4
N 0.0034 N 0.002
/ H H OH  >1
3N 182 0 78.0
o \— 208 :
Compound No. o Q4g Q4b
PGE; ICs, Rat (uM) ﬁ'@ 0.033 "*;J—O—l/ 0.0028
~ TXA, ICs, Rat (uM) % OH > H CoH 4
L%, Rat % at 30 min o 88.5 57.0

Fig. 2-2. Improvement of rat PGE: production inhibition activity through structure

modification of BT4c

12



2-5  BHEROEKIE

Fig. 2-3 ICKFHEMRO— A RIEZ R T, A BRICH:Y T2 “BREMHERILAY. B BRICH
Y5 EBENIRT I AW, BRLOCRICHY T 25E / IR T I AbEW ZIEICHE
BT DHIET, ar A=V =r MURA RFEEROGHNATRE TH 2, “BRIEMERILE
¥ (BT1, BIL, Q1) 12k LT, EXY U HNVRUBEHFEREMSMESED 2 L TILED
BT2. BIB LN Q2 G bND, T AT NVEENKGHEL, SNl VRE o %
MRER LT2T X 7 V7 maF ¥ Uik e L Tba® BT4, B4 BT Q4 %15
D2 ENTE D, REICFEHOAWITE T ZOIFEIIHE > TR LTz, fR&EH & LT,

Q4b D BARH) 72 &k & Fig. 2-4 (27”7,

13



HND—CDZ Et
Y hvdiolsis

Y ¥
R =X R1~€I ,}—ND—CDzEt R1<©[ }—NC}—CDEH
addition N N
X=Cl,Br
BT2, B2, Q2 BT3,BI3, Q3
BT1, B, Q1
R
Wes

- R1‘@:5—N:>—{; _Onz

BT4, Bl4, Q4

amidation ¥ = 5: benzothiazole

¥ =HNR3; benzimidazole
¥ = CR3=CH; quinoline

Fig. 2-3. A general synthetic method of benzothiazole, benzoimidazole, and quinoline

derivatives

14



HN CO,Et
— —_— NaOH
»~ClI = P D—COZEt M"
NMP, 160°C EtOH, THF
50°C

Ma Q2a, 82%
1.PhCHO

2. LDA, Mel, -78°C
H,N-O—\
| 3.H° Co,E

O |- c2 c1
H
N CO,Et
WSC, HOAt, Et;N = D_(O
el 2
CH,Cl, N-O-J(
H CO,R

Q4a, R =Et, 79%
Q4b, R = H, 16% < aaNaoH

Fig. 2-4. Synthesis of compound Q4b

15

“HO-con

Q3a, quant.

-HCI



HI3E BN T 0 RAEZ T TV B EEAEERNELE Y NREREVET L, BEEEET
V. BRORIEMEEIR T T W KIE T B OMNT

3-1

e
il

H2ETIE, ELEY MBRUT v FERENICTEZ AT 218 PGE, PEAHE
FIOEAFICRI) LTz, KETIZT AT v MSHEEEA T 5(LEW BTdc (LI LAY A)
ZAWT, B/E Y MRIEET MZRIT HEBEER 25 L7z, £7-. BEfF NSAIDs T
oAy AR BIOENLEY MIEEEZHT 5 mPGES-1 fHEAIE LTHESN

T 5 MF63* ORI & 5t L. (AW A & Dk a1772 o7,

16



32 MBEHBIOGIE

iA=L

BINAY PGE PEAEFHER & LT, H2 mETHEMRLTLEw A ZHWe (Fig. 3-1A), A

> R A X 1% Sigma-Aldrich KV A U726 0% Wz, BRI 3 2L 5913 20% N,
N-UAFNLTEZ IR, 20% Tween80, ¥ X OVERAEEKOIREELE (DTS HiK) I28H
fg L, 2mlkgbw.OFGHETRO®KE Lz, 7277 L, 7Va v NFEEBEEiRET
MZEWT 1 A 2 [EHRG 2 F ) L72BRT, DTSRI K D HRER TR EOEE LI 20
TERZRET D705 HE% 1 mlkgbw. & L7,

(L7

FEEREMWIT 4 Wl OMEVE Sle Hartley £/LE > b (AR 2Ly —) ZHW=, 8
IXEIR % 23 £ 2°C, MBEEZ 55 + 20%ICHERF L7-BABERICTHEE L, fEH 20 BEh D 8 K
FCEMHE Lo, FRCEEEARWRY | B X OUKIZA MBI E Uiz, B3 AT
2 1EMBHEERE 21772 572, 2 TOERFINIE — KA St 0@ EHREHIh

- CHEM L7,

ENLNEY w7 T77—VT vkA

TLE Y MEEE~ 7 07 7 — P OFHEIE Moriya 5O FEEZSBICEM L7 3, FE
RT T4 r (e TE) 2MtEE /LT v MIC 50 mlkg bow. OFH & CIEENICHK
H.Llz, 204 RBICA Y 70T VB FICCTHEBINR X 0 st S 7251, EENE
50 ml DIKIEZ IV~ 3 Y iR AP AR K (Thermo Fisher Scientific) T L., ¥
Wik Z2 A Uz, VeI — B 2 W CTAIBEIT/R, A% 1000 rpm, 4°C T 54y

flhm O L7z, FIERBLXONNT 7 4 VB TEICHYRE., 10%Y UEIRIME (fetal bovine

17



serum, FBS) BLX N 1% X=v U /A MV T h~A T EGH RPMI-1640 (Thermo Fisher
Scientific) (Z8%¥% L. 1000 rpm, 4°C T 5 srffiE L L7z, EiFZHY BRE . Red Blood Cell
Lysis buffer (Sigma-Aldrich) Z 5 ml %00 U CHffifa 2 B4 L 727212 3 75 T & L 72, 10% FBS
A RPMI-1640 T 2 [EIEH L7-#%., MIfdE 0D > M LT 2x10° cells/ well 725 K 5
IZIHEE L, 7 AE U (Sigma-Aldrich) Z#&HEEE2Y 100 uM & 725 K5 I L 721
96 SEiFE 7 L— MCHIf 2 B TR L 2 IRpfilss a8 LT, FEEEE e 2 BEVHRE Tl L 7otk
WZALEZ TN LT 1 RRfIRSEE L, LPS Zf&REEDN 10 pg/ml & 7225 K5 ITHIN L 727& 12
37°C. 5% CO2 Sft T C 24 IE[ERFE L 7o (RRFA L 2 Bla2 3 2 3B CIIss B & 2.4,

7. 24 BIXOWBEKHE LTz), 77 712X LPS O VT 10% FBS &4 RPMI-1640
Z 10 ul S0 L7z, Be & 7%, EiE 2B L PGE2 B8 L OV TXB: &5 &% EIA & » | (Assay

Designs) Z W THIE L7z,

VxAXL Ty b

LPS THIFIL7Tc~ 27 v 7 7 — VITRRRFAYIZEI L, 5 mM EDTA ¥ XY Protease
inhibitor cocktail (Roche) & & oK U o EEFETE A= BR A 7K (phosphate-buffered saline, PBS)
GBI ALER A 10 BV x 2 WlE L7, BT A — RO X 87 G E% BCA 4
YRV'ET wtAF > b (Thermo Fisher Scientific) ZHWTHIE L, ¥ /37 EICHEA
LTS5ug D7 At— k% SDS-PAGE IZ XV 73fff L. PVDF i€ (Merck Millipore) (ZHAE:
L7RIZ 5% AX LI V7 2@ie b ) ARREHETH T 30 3H7 80 v ¥ 7 &2 1o T,
PVDF B2 mPGES-1 §itf& (Cayman Chemical) & % d COX-2 Hif& (Immuno-Biological
Laboratories) Z ¥R L T 1 KA > F 2 X— |k L7z, ~UbAF o ¥ —BIEHO “IRPUR

& 1R A % = ~X— § L7212 ECL-plus (Life Technologies) % F\THiH L7=,
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afi g P R

L&Y ATENLE Y M2 10mgkg bwROHE L7 (n=3), MmiEh 7 gk b4

0.5. 1. 2. 4. 6. 8, 24 FFREIZEREL L. 12000 rpm, 4°C T 5 Fy [l OB L C I8 % [A]

IR L7=, IER ot E I 1L LC-MS/MS A2 X 0 HlE Lz,

LC-MS/MS fEHT

LC-MS/MS AT 2 B\ RLa D ST1E L FERO KM TEM L ALEW AI1ZT7 h=h

VL THIH L7-, {bEY A Ot A 42 B — 2713 m/z 420.9—209 Z3&R L7~

ST D 5 % 5 1 ) AR5 RRIE R

KABRIZF LSO FRIEESZZIZHE M Lz 3%, fiH X0 —BiE L72%I2, 20%1 — A

I (Brewer’s yeast, Sigma-Aldrich) B8 2 /L€ v b OABBIEERL FIZ 0.1 ml &5 L,
RIEZEEEL LTz, 4 — A NGO 4 REREIRIC, B E REE T A X0 2253 LT 1% I0H
RN R Z R, BEE2AE L CRIRERZ2 MW TRIEER Lo, R L7cgy o7
JUE Cryo-press® (Microtec Co., Ltd.) % W THRMLEE L, Z?%#% 10 mM EDTA B L O
100 uM A > RAZ > 25 /072 PBS Z R EHED 4 &I L, Polytron® K€ F A #
—T 1 BTV A RN &7 >7-, REYF— M 9,500 x g, 4°C T 5 4z 0
SYBEL. LiEE T m A X ) A RHIE £ T-20°C IZRAF LTz, LB AL MF63 3 X O
RAZ 2 AFENERVRMBIENR D 2, 4 B L0 5 RFEFTNCE NS Lz (n=5), 2#
f&k ' @ PGEa, 6-keto PGF 1035 &L O TXB: & &(FXZEZ4D EIA % » | (Cayman Chemical)

ZHWTHIE L7,

A —A FFEEEBET L

AR/ E DO FIEE B EZ T E i L1z 3, 20% A — A MNEEHE 2ml ZE/LEy bD
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BHH TICHRE Lc, %5 18 FFH#2ICIENGE 2 Digital rectal thermometer (Physitemp
Instruments) CTHIE L, EIFRA 39.5°C UL EIC BH U7 R Z R EGBR I Lz, {b
B 5\ VT (DTS VAIR) AR O#h L, $htg 1 R 2 &1 5 REf & CEIGIE %
MELT (h=5-7), A —AFEREHLa ha—AfEE L,

7Y 2Ny B EN IR ET L

AFRERIL Winder 5O FELBZBITEm LT ¥, 72 280 MIMEIRE
Mycobacterium butyricum (BD biosciences) % WZZIRE L 72BN T 7 ¢ & W T 2
mg/ml & 725 £ 5 IZFH L. Sonifier Cell Disruptor 200 (Branson Ultrasonic) C 50 Hz T 5
Sy E LB A 1T e o 7o, FRBL L 727 ¥ a Ny MIEAE v OB HE
FZNIZ 0.05 ml (100 pg/animal) #5- L, &5 H% Day0 & L7z, (k&M ABIRA R
AZATENEN L A2 BB EHEE Lz (n=6), BAFEIT Plethysmometer (Ugo

Basile) ZH\WWCDay7 £T1 H 1[FHEEL,

B R e 2 e R
AERIT Jahn D OFEZBEICERM LT P, FLEy NOERZEHIET 5729, B A

AN VPR T —2F/VEy MIER L, RZE LTz, bEW5 o 4 K
BicE a2 L, HEMH L7z (n=5~10), f#EH L7=H1% 10 ml PBS Ty L7=%
(ZMEFT S 2 S TR O T D 10% AL~ U A 10 ml A L7212 1S PTER © i
FTHEOT 10 oMEELE LT, B ORBIZH > TOIB L7212 H OREE 2 F2AREER
BECHZE L, HBOSRAZFN L, MmEEO2ED 2.0 mm L EOEE L HEER
PEEHIE L, HEEREEERELZRE D IR L,
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A — A M HEMEWERE R e T L

AR Hargreaves & D FiEA |2 L7 3¢, AiBAZ X ViR L7242, 20%

A —A MEEIE 0.1 ml ZF/NVE v POEBRBORIEKL TICHKRG Lz, &ED2B I3 K
MBI T T > 7 — B3 E  (Hargreaves Apparatus, Ugo Basile) % FWCTEUI4 % 5 2 C
ORI TEN & Z 3 F TOEEE (paw withdrawal latency, PWL) Z{HI7E L. 3 FRREIH &
TOPWL R TRLLT OEEZRERICHER L= b5 H 2 WX DTS IR A /% m 5L,
PWL ##54% 1 B 2 L2 4 BRI E CHIE L7 (n=5~6),

Ao
YU RT 7= UT A B O PR ERER T, R O e

T L7z, #EHENTIE Dunnett 2 8 LR E & FEHi L7z, RIEMMETH 7w 2% 7 A K
WERBRTIZ, LB LD T 0 R E A ) A REARERZUTOXLIICHE ML 1
(U GRED T n A5 ) A &) - (f —A MERLEFEEDO Fm 2% ) ( F&))
B ERED T m 2% ) A F&E) - (4 —Z MELE@ERO T 7 2% ) A &)} 100,
50%FREH & (IDso, mg/kg b.w.) (AW OG5 & INHIHE O OO [al 7 B 4 o/ 5
B Xk TR Lz, BRERRTIE, (LRI 2MHREZUTO LI IR L
- {5 EIROBEGE) — (1 — A MELEEEOBEGER) ) / { GRS
DOEMFE) — (4 — A MELEEROERIR) ] x 100, IDso (mg/kg b.w.) 1I{LAH DO
G LR (B HEORKM) OB ORY B2 K/ ZRiEIC XL 0RO THRH L,
BORGRIE E R TlE, UDso (FEFEFARD 50% D H&E) 1TEEERERLZ T e ey

MEZHWTEHE LT,
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3-3 T

EEMAITENLEY b2 0T 7—UT v EAIZEBWT PGE, 2 &R HIH 4 5

EFNLEY b~/ 077 =TT vBEAICBWT, LPS ALEIZE Y COX-2 BXLO
mPGES-1 OFENZNEN T B IO 24 K2 B — 2712 EH L= (Fig. 3-1B), S HIZ
LPS #L{E|Z KV PGE, FEAE N 24 B[l & ©°— 7 |2 B 5 L 7= (Fig. 3-1C) . 2B DFER NS
{EEWRHERE D~ 7 1 7 7 — DRI 24 B & L7z, TXB pEA S LPS fIMIZ LV
R LU T 225 13.2 ng/ml £ T EF ULz, (L&Y A 1 PGE, DA Z R KRS
#il L, ICsol% 19.6 nM T o7=23, — 5T TXB, DpEAIIERE L7= (Fig. 3-1D), MF63

¥, PGEs PEAE 2 B RIIZHMH] L, ICso % 63nM Toh -7z (Fig. 3-1E),

(LA A I DTS IIEE I ELE v MMIBW TR/ RNBIEEA 7~

{EEW A DFENE Y MBI HIEMENET 07 7 A VEFHI L7z, L&Y A I38E
AL LTI SN S 0.5% A Tt bm — R ClIfk O I 23 HE s 72 7
W (F—HMEL), DTSIERZEEE UTHER L7-, (LA A (10 mgkgb.w.) (380 #H&
BTN S, B 5- 0.5 RERIZ ISR R MAE IR EE (Cnax) 6.7 M £ T EH L,
ZO% 1, 2, 4, 6 BLXOSKMZIZITENZEIL ST uM, 4.3 uM, 3.1uM, 1.3 pM B &
Ur0.68 UM &R L. 24 IFREIER IR IHER LA T & 722 o 7o, M mdy] (tp) 1327
M<H-7- (Fig 3-2),

{LEY A IZRIEARRIC B\ T PGE, FEAE 2 B4R ISl 5

in vivo (2317 5 PGE,., TXB: 1 L 6-keto PGF 1o AL EY) A DN RIE T B % A —
A NEEIZL Y RIEZXZFHE LT BHESEE O TEMh L7, A — & M5 4 %I
A TXBoBEA F R0 Tdh o 72— T PGE2 & 6-keto-PGF o FEAE 1T IR I HI N L7~
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LAY A 13 PGE, BEAE 2] L, IDso 1 3 mg/kg b.w. AR TdH - 7223, 6-keto PGF o35 &
O TXB, FEAEILTUHE L 72 (Fig. 3-3A) ,MF63 % [AI#:1Z PGE, PEA Z 41l L (IDso 1% 10 mg/kg
b.w. A ) . 6-keto PGF1o38 KON TXB, FEAITITUET 2 27~ L7 (Fig. 3-3B), *fHM
2. A RAZATRE LR TO T B RAE ) A REAZIEI L, PGE: D IDs 1% 2.4

mg/kg bw. TohH 7= (Fig. 3-3C),

LEW A A — A BB EUET S

L& A DIEEAVER %, EVE Y M — A NFEWUREET VE O TEHMEi L7z, A
— A MO TFESIC I ERRO EHBFRD b, 5 18 FE#ZIC 39.8°C IZE LT,
{EEY A 1T BARIFHICEEBVER 277 L, IDso 1 6.9 mg/kg bw. TdHh 7= (Fig. 3-4A),
MF63 & F EARAFHN R BVER 27~ L, IDso 1% 9.2 mg/kg b.w. Td> - 7= (Fig. 3-4B), A >

R A % 2% 30 mg/kg bow. THR ) 72 fiFBVER 27~ LTz,

{LEM AT Va2 FHFERBEMRET VICBWTIRIEEHZ G TS

LB A DFRIEER 2, BTy b7 Y2y Mg BEESiR T 7 L2 VTR
L7z, Fig. 3-5A IR T L D12, T¥a "y MUEZ L8O RI3AER A X0 ESH
IZHEE LR, ALE 6 Hi% L0 20RICIEE L=, {LAa% A 13100 mg/kg bw.Z 1 H 2 [H]
B LB COREOIREZ M Uiz (Fig. 3-5A), A > KA X 1% 100 mg/kg b.w. %
1 A 1S LERETREOIEEEZMS L7z (Fig. 3-5B), A >~ KA %2 100 mg/kg b.w.
B GHETITREIEINIME L T e A BREGHETIIWT oG EICB W T

HIREEINA~OEEIIRD 5 h -7 (Fig. 3-5C, D),

L&Y A IZBETFE NSAIDs & bl U CHBEREED U 2 7 MKW

{EEMABLIOA v RAX U OBRIEEEE- %2, E/LE v & HWTEHE L7,
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AV RAZ LV ATHERGFINCBEEERZ/R L, 50%BMEE (UDs) 1% 15 mg/kg b.w.
Thoto, £z, A > KA X T 2D invivo PGEy FEAINHIFRER D IDs (2.4 mg/kg b.w., Fig.
3-3C) 12X % UDso DtaEt—77 4 —~v—V L LTHMHLEEZA, 625 Tho
Tz —Ji. LAWY A1 100 mgkg bw. & D5 LB CTOHLEEEERNRD D,

Z DO HEERGMERIL 20% TH 7= (Table 1), £7=. {LAW A @ in vivo PGE, FEA
i3k D IDso 2% 3 mg/kg b.w. A (Fig. 3-3A) T, UDso % 100 mg/kg bw.LL ETHDH Z &

Mot —77 4 —~—VUNE30 U ETHS T,

LEW A 13 A — A b EMEEWER T REE 7 /128 VT, BEF NSAIDs £ ¥ & SR {E A

L& A OERIERZ . ELVE Y M — A MHEMEEWERE R T 7 L2 FH TR
Llze A —AMLEIZL Y, PWL 2 195 %) (BLEEE) 76 4.8 B E TR LT, A
v KA X230 mgkg bw A GRECTIIE GO 3 B L0V 4 B IC PWL 2 A BICHER L
2o — 5. ALEY A 1L 100 mg/kg bow. &% 5FFIZIWTH PWL OIEEAEAITFRD Bz h

7= (Fig. 3-6).

24



3-4 £

B

55 3 T CIEEE 2 B CTARL LT ®IRK PGE: FEAEBREAICTH 21bAW A OHEFRERIC
DNT, EAE Y A HWTEESF NSAIDs § 72 HIFER R COX HERTHDL A K
AR B XN mPGES-1 HERITHD MF63 Lt L7, v~/ v 77— 7 vtk A T
I% LPS AIC X D COX-2 DIFEHANTLEE L, #iV > T mPGES-1 OFEIATLEE L7z, PGE:
PEAZ BT mPGES-1 ORI L TWe, (LEW A 13 PGE, DPEAZINHI L, TXB, D
PEEZTLME L7z, —J7, mPGES-1 [HEHITH 5 MF63 1% PGE, FEAE 2 il L 72723, TXB:
DPERIT B 522>, ZHVETOMHZET, MF63 13 A549 flific 2 v 7258k T
PGE, Z#iffi| 9~ 2% & 2 PG A2 TUHES 2 Z LV WE SN TWND Z &5 0 AiBR
IZBWT Y TXB, LSOO T a2 % ) A4 ROFEAZTUEL T D AREERH 5, B
HIIZ mPGES-1 # RIS 5 & PGELSND T m X5 ) A REEANTTET 5 2 &b S
NTWg 738, 2ToTars ) A4 NIEBEOEE THDH PG LA IND Z & h
5. PGEx FEAENIIHI SN2 Z LICX VW EETH D PG &L, D%, o7 m R
B2 )A RICHA I NI Z EDNRBEEIND, ZIVETOWREZ DRV . PGE, PEAEHNH]
DT r A% ) A REATUEIZEEN D A = XL IMIZHm b Ty, Leai> T,
{b&% A 1X PGES (3% 5 < mPGES-1) BAFAITHL LEX D,

EEY) A 13 DTS TR CHafif L7 S CRAFZR LM BEE 2R L7272, in vivo RIEE
FERANTLEY A ORFMERA 25l Lz, 4 —A FaFEMREIBIET T LT, A
YRAZLUPETOT AL ) A FEAZIEI L7 L, bE% A B XU MF63
1% PGE: FEAE D Fr % BRANZHNH L7z, & OFBRTITA — A MMLEIZ X > T 6-keto-PGFi,
FEAEDREEMLUTEY ., LAY A H DT MF63 #5128 0 ZDOFEAN S HIZTiE Lz,
TXB, DFEABLEY A 12X > TLHEL TV, Z ORI 6-keto-PGF1q D5 3B

ThOH., ZOREITLEM AIZE D PGE UNDT B A E ) A4 ROTLHET 1 7 7 A LN
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FERRSOMI I 35 1 D B FEA AEER DR B R ITKAEL TWDHZ L E2 R LTV D,

fEEVEH L NSAIDs O X< MO N HIEHO—2TH v | JBIR 72 & O i & 0 e
2LV B X SN HENT COX-2 B LT mPGES-1 IZL > TiFE Sz PGE, 241 L
THEIDZENMBNTNDS 0 RETIHEAY A DELT Y MBI DMEVER %
M L7z, ZOREF ALEM AIEA » RA X B LONMF63 & RS OMEERZ R L
oo LB A OFREMERIL 5 FEfIFRF R TIRT L TW ey, ZHUIEEY A @ Crnax 25 0.5
Kl T 0 . £ DR EERIESLITIHAT DM FEREZ K L TWD &E 2 b b, L
2o T, MAPEEENS U E SIS WITEREER AN R 95 2 E A S D,

BEAE NSAIDs 36 KUY COX-2 FIRHIFLEANL Y U~ FRoBHEREEBE I S
TEY, PGE2 NI D DIFREIZEG LT AH Z LR BTV D 498, RETIHLED
A PEFEIRET VB WD TIRKRIEMEH 2R T B 2 Mat Lic, 72 a3 MEFE A 2
5 100 mg/kg bw.O/LEW A 2 1 H 2Bl Lz & 2 A, EEROREEINZ flE771c
R OFEZMHEI L=, — . A RAX 03100 mgkgbw. 1 B 1 A5 L V%
JEZ M L7z2s, 2 OME TIIARESNAAEISHHE S TnzZ Lb, HEERE
72 EORWER DI FAE L TWCAREMEN R SN2, 2 9 LICRIWERNIIRIE RIS & 528
THZERTPREIND 2D, ARFHIEBWTA v KA X U TR LT FIREEH X
LB RER CORIERIC L > T &R Z SN ATREMEA RV, AV RAX TV UNET v
N7 Y a2y MRS MEBEEIR OGP EE & U CHBERBRICER S D 2 & RZ VR,
ZDOROH &I 3 mgkgbwEETH D, —FH, SEIDOENLEY N7 Va0 MFE
PERAEI 27 /L Tld 100 mg/kg b.w. TO LA REATEIE O NG 358 60 b Av Tz, IR 722 R 1%
RN, A RAZ VU OFBIEFHIZOWTT v M EENE Yy N THRENTFET DA
REMENEZEZ BND, Lizn-> T, BEfE NSAIDs X° COX-2 IRAIBLEAI L L&Y A OHL
RIETERH O HENL, MOBMET NV ERWEI LR EDLETHA 9,

BEAF NSAIDs ORFRIZRENEM & L CHILEREFE R MO TV D, HxiTbaWm A ©
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BIEBEER Y A7 IZOWTEHMi L7z, > RAZ U U3V EREEZS(E&ZZ L, B—
TT A== 625 Tholz, ZHICHL, (bEW A DE—T7T 4 —~—T 0%
30 LA ETH o7, b DOFERIL, LAY A IZBEE NSAIDs & bhi L CIH{bE RE Y X
IPENZ EEBRIELTND, ZHETOMNFETEH, PGELFEADH D VWNE PGE, v 7 )L
OFBRAIHN I L EREE Y 27 MRV L3R STV 5, il xiE, MF63 It k
mPGES-1 / v 7 A = 7 AZBWTHBEEE ZE Z 79, U AP0 T H IMLEZ
LW N, EBIT, PGEZ AR (EP4) 72X T=A MSPIRIENER 27~k 9 — 7 T
BEEEZFZ LN L MEIN TS ¥ %, PGE, 7217 T/ < PGL & AL
IZHETHZENMOENTEY ¥, KRRICBONTIEA > RAX VU RETHOT B AL
J A REEAEZIHIT 5 DI1IZxt L, (LAY A 1T 6-keto-PGF 1, (PGL) D FEAIFINH] L2,
Lo T, BEf7F NSAIDs L1382 0 | fbEW A 285 LT-8 CI3fEFT 5 PGL AN E K
HE R L TR, ZAMHILEREEFEHOBWHE TH L EEX 6D,

I ALAY A ORIEMWIETREET MR D8R IER &2 7H L7-, RET MITEW
TA Y RAZ TV FERIEMZ R LIe—H T, ALEW A 13 PGEy FEA & IEH L~ULITE
THIHT 2 HETH D 100 mgkg bw. 2 £ 5 L7246 THERIEANED Lo Tz,
BRI PGE, PEAEBAE A 23 BEAF NSAIDs <° COX-2 IR HFHEA & A4 O s 2 A7
DT DAL E S H T, MF63 D8R IEAIZE/LE v | LPS #H8 M2
FIRECE T L THE STV DA 30— T mPGES-1 KIE~ U A TIXW A 4 gk
A RIEREE T LV CERIEM 2 RIS R o 2 ERHE SN TS Y, PGE; 7217 T2 <
PGL b F 7o RIES L ORIEMELIEICE DL Z LR MEINTEY 2, PCGLOZHEKT
B A=A MR~ T ABMERIEIR T T VISR O TR B L ORIE 2 Mfl 5 2 & A
SNTWD %, LAY A 13 PGE BEE 24 2 23, 6-keto-PGF1o (PGL) DREA: % JTHE
505, PGL ANVERAFICHE L TV D =DM ER 358D b d - 7= Al HE
MR 5,
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AECTEHEONZHAEZ F L OK% Fig. 3-7 1237, BIRM PGE, FEEARLEAR 2 H
ToRREN G, RIESUGD 9 HHEF K OMEIRIZEIC PGE, 2T L TWDH Z EAVRES 1L
Ted, ERRICBI L CIX PGE SN DT m 2% 7 A4 ROBENRE I, ZOREH5
INZT DT OICIRFELRE S 2R D F 21778 o 72,

28



>
@]

25
20 -
F 3 /S S /O =
‘ f\,)iN \—<: SN “E‘ 15 -
LAy 2
H O\ / & 40 —<=LPS ()
/\ L —e—LPS (+)
OH 5

0 10 20 30 40 50
Incubation time (h)

B D

LPS (-) LPS (+) 180 1 —@— PGE,
160 - + -I'XB2
0 2 4 7 24480 2 4 7 2448 (h) 140 |
____________ 3 €120 -
- o |

= cox2 2100
© 80 |
S 7PGES1 R oo |
40
20

0 T T T 1
0.1 1 10 100 1000

Compound A (nM)

180 1 —@— PGE,
160 - —&— TXB,

0 T T T 1
0.1 1 10 100 1000
MF83 (nM)

Fig. 3-1. Inhibitory effect of compound A on LPS-induced prostaglandin synthesis in guinea
pig macrophages. (A) Chemical structure of compound A. (B) Time-course analysis of

COX-2 (upper) and mPGES-1 (lower) expression after LPS stimulation in guinea pig
macrophages. (C) Time-course analysis of PGE, synthesis with or without LPS stimulation in

guinea pig macrophages. (D and E) Dose dependent effect of compound A (D) and MF63 (E)
on the production of PGE, and TXB, in guinea pig macrophages. Data are expressed as %

amount of LPS-stimulated control. Results are shown as the mean = S.D. (in duplicate).
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Plasma Conc. (uM)
O = N W » OO O N 0O O

6 | | |
0 S 10 15 20

Hours after administration

Fig. 3-2. Time-course of plasma concentration of compound A after oral administration
(10 mg/kg) in guinea pigs. Results are shown as the mean + S.D. (n = 3/time point).
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Fig. 3-3. Inhibitory effect of compound A (A), MF63 (B) and indomethacin (C) on

PGE,

PGE,
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yeast-induced prostaglandin synthesis in guinea pigs.

20% suspension of brewer’s yeast.
Compound A, MF63 and indomethacin were orally administered 2 h, 4 h and 5 h before harvest,

ONormal
7 mVehicle
00.3 mg/kg
b 31 mg/kg
23 mg/kg
210 mg/kg

PGE, 6-ketoPGF,, TXB,

Right hind paw was injected 0.1 ml of

Paw tissues were harvested 4 h after yeast injection.

respectively. Results are shown as the mean £ S.E.M. (n =9).

* p<0.05; ** p<0.01; *** p<0.001 for compound- versus vehicle-treated animals.

31



Rectal temperature (°C)

———-Normal —-—-Nommal
_ . =-===\Vehicle
41.00 ->¢-Vehicle 4050 -  —o—MF63 3 mglkg
—0—Compound A 3 mg/kg - —— MF63 10 mg/kg
4050 - —/=—Compound A 10 mg/kg ——MF63 30 mg/kg
—{+=Compound A 30 mg/kg _. 40.00 - —e—Indomethacin 30 mg/kg
—e&—Indomethacin 30 mg/kg Lo L k
40.00 ? 3950 |
2
©
39.50 4 s 39.00 -
=%
£
39.00 - 2 aa50
©
k7]
38.50 - e 38.00 -
38.00 . . . . . 37.50 . . . .
0 1 2 3 4 5 0 1 2 3 4 5
Hours after drug administration Hours after drug administration

Fig. 3-4. Anti-pyretic effect of compound A (A) and MF63 (B) on the yeast-induced pyrexia in
guinea pigs. Pyrexia was induced by the subcutaneous injection of 2 ml of 20% suspension of
brewer’s yeast. After 18 h, each compound or vehicle (DTS solution) was orally administered
to animals which cause fever. Rectal temperature was measured every one hour until 5 h after
administration. Results are shown as the mean = S.E.M. (n = 5-7/group). *, p <0.05; **, p <

0.01; *** p <0.001 for compound- versus vehicle-treated animals.
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2.5 4 ===-Vehicle ~a==Vehicle
—o=Compound A 10 mg/kg 60 1 ——Compound A 10 mgikg
===Compound A 30 mg/kg 50 | ====Compound A 30 mg/kg
_20 - =C=Compound A 100 mg/kg ={=Compound A 100 mg/kg
E 5 40 -
o +«= 30 -
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B D
23 1 _se-Vehicle 60 ; --=-Vehicle
—C=|ndomethacin 10 mg/kg 50 | =—C_==|ndomethacin 10 mg/kg
20 - =—r==|ndomethacin 30 mg/kg === |ndom ethacin 30 mg/kg
_ —_==Indomethacin 100 mg/kg — 40 1 ={=Indomethacin 100 mg/kg
£ 2
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Fig. 3-5. Effect of compound A (A and C) and indomethacin (B and D) on the development of
adjuvant arthritis (A and B) and weight gain (C and D) in guinea pigs. Animals received a
single, right hind footpad intradermal injection of M. butyricum (100 pg/0.05 ml/paw) in a liquid
paraffin emulsion. Compound A or indomethacin or vehicle (DTS solution) was orally
administered b.i.d. and q.d., respectively, from Day O. Results are shown as the mean +
S.EM. (n = 6/group). *, p < 0.05; ** p < 0.01; *** p < 0.001 for compound- versus
vehicle-treated animals.
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Table 1. Effect of compound A and indomethacin on gastric mucosal lesion formation in

guinea pigs.
Dose Total length of Incidence of lesion UDsg
(mg/kg) hemorrhage lesions positive animals (mg/kg)
(mm, mean+SEM) (%)
Compound A 0 06+0.4 0 >100
30 1.0+£0.6 0
100 4.0+2.3 20
Indomethacin 3 3.0+1.4 20 15
10 1.8+0.9 20
30 15.2+5.6 80
100 43.6+9.5 90
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20 + = & = \ehicle

=== Compound A 10 mg/kg
=—'w= Compound A 30 mg/kg
== == Compound A 100 mg/kg
15 =ge—=|ndomethacin 30 mg/kg

10 -

Paw withdrawal latency (sec)

pre 1 2 3 4
Hours after drug administration

Fig. 3-6. Analgesic effect of compound A and indomethacin on yeast-induced thermal
hyperalgesia in guinea pigs. Left hind paw was injected 0.1 mL of 20% suspension of brewer’s
yeast. After hyperalgesia-induced animals were selected, compound A, indomethacin, or
vehicle (DTS solution) was orally administered. Paw withdrawal latency was measured 1, 2, 3
and 4 h after administration. Results are shown as the mean = S.E.M. (n = 5-6/group). *,p <

0.05; **, p <0.01 for compound- versus vehicle-treated animals.
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IEEIRFICOXPEHEH

Arachidonic acid (A2 RADZ)
Ccox-1
TXA, COX-2 PGD,

e PO e

PGL, l PGF3,

PGE, |_ SBIRHIPGE, 4 PR ZEH

Fig. 3-7. Graphical summary of this chapter. Among inflammatory responses, heat and
swelling are mediated mainly by PGE>.  On the other hand, pain is suggested to be mediated by
other prostanoids than PGE-.
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44 isg;cﬁawn BT Ty B AR T v N RIVET L OB T
(= RIET B O

e
il

4-1

FIETIE BT Y MEBET L BRIRET LI KOREMERET L& VT,
IR PGEy EAPLER OFEIEH 2 M5t L7, (L& A 1T in vitro, in vivo W IULZE
WTH PGEy 28 IRAYICHIHI L, S DICHEMER. PIRIEMFEHEZ R LI b OO0, RIEM
VEREE T M E 1T 5 8558 VRIS BETE NSAIDs & 0 b 5970 o 7o, — RIS SRR O FFEVET
PIRIEMEAB KOSRIEHORBRTILT v AHWLNTEY ¥ EBEICT v b THZ
IREEBN D EEARIE BN o 72 b 2\, LI T, AETIT®RING PGE,; FEAEEA
OFEHEHZHET L2 2L LT, 7y FEREAET LB LUOHESIRET VIZEBT
Db EM DI A7 L7z, (bEMITHE 2 ETAER LT v MIEEZ AT 21{bE
¥ Qde (LI, L& B) MW=,
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4-2 MER X O

iA=L

I PGE, PEAERHEA & LT, 2 BICTHK LIZbE® B = (Fig. 4-1),

£ L =% 713 Cayman Chemical K VA L7 6 D& Wz, sABRICHT 2{baWide
T0.5% AT/ m—R 400 IR (FIemlisk T3EmUatth) (28R L, 3~5 mlkg b.w.

DIEHETR NS L,

i

FEERENIL 5 F 7213 6 Wilin ORENE F 721 TMEME Lewis 7 v M (AARF ¥ —/L R J3—)
W, 7y b~ ma 77y —T7 vEA TiL 8HEROD Sprague-Dawley 7~ b (HA=T
ATV —) RV, BT EEE 23 +£2°C, {EE 55 £20%CHERF L 2B RICT
B L, fBH 20 KD 8 R THIEHI L Lz, FRCFREARWIRY | i3 L OVKIZA
HER L Uiz, BIIEHRATC | BBBHEEE 21772 272, 2 TOERRFMELFH =3t
HAStOTWER B HEHIIN > TEM L7,

AS549 Hifm T v A

b il AR b R i IR T d B AS49 Al % 10% FBS. 100 units/ml ==/ U >
100 ug/ml A kL7 h~A > (Pen/Strep, Thermo Fisher Scientific) 7% Dulbecco’s
modified Eagle’s medium (DMEM, Thermo Fisher Scientific) % VT 2.5 x 10Y/well & 72
DI DI, 96 KR T L — MIFERE L T 37°C, 5% CO2 54 7T 24 WefitsaE L
Tro FEREMIAZBRE LTI, ALEMDH D WX 2N L= 1% FBS. Pen/Strep &
A DMEM 200 pl Z¥RML, 37°C, 5% CO» S&MEFC 1 BfiE®E L=, £ D% IL-1B

(PeproTech) ZF&IRE 10 ng/ml & 7225 X DT L, 37°C. 5% CO, 5414 T C 24 WefEl RS
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LT, BEKTHR, EEZEINL PGEy, 6-keto PGFio. PGF2d8 X TN TXB, & & % EIA
* v b (Assay Designs) Z W THIE L7z, @, IL-1BALE 24 KFE#IT 1L-1 8L E fi AL
& IL-IBAEMEDEL T A — FE2EIRL, VAKX 7 ay MBRICH LT,

Ty bh=rna7yr—U7 vEA

Zy MEE~ 7 v 77—V ORBIZILRL DFELZEICE LY, ~7 > (BD
Biosciences) 35X TNA % —F (BD Biosciences) Z#ZiLZ4L 5% & 725 L 5 ICABREK
IR L, 121°CTIS A — N7 L—7 W& LT, EIRICRE L7ZHIZ, KE100g 4V
5ml O & T Sprague-Dawley 7 > MIEENEG- Lz, 4 BRIZT Y haA Y TNNT
R P IS TR L 0 e S 7%, 26 3 % [ELEy bvornr 77—V 7 vk A
DL FAEOFIEIC L > THIlRAEILL, v~/ v 7y —U 7T viA #17o T, Bk
T, EiE#EILL PGEy, 6-keto PGFia. PGF2uds X UNTXB, &% EIA % » b (Assay
Designs) Z HWTHIE L7z, . LPS ALER 1. 2, 4, 8 BLUO 24 KfElizlcEn
LPS MEALE ML & LPS ALEMIRDOE LT A — FEEIRL, V= 2AZ 7 ay NlBRiC

7=,

VxAXL Ty b

A549 a7 v A TR L-MaB L O~ a7 7 —27 vt A THIL L 7Z/ifEix
5 mM EDTA I & Of protease inhibitor cocktail (Roche) % & dek#y PBS H CTHEH AL %
1070 x2[EliE L7z, BT A= DX LRI EHERY BCAX L NIET vkA
% b (Thermo Fisher Scientific) #HWTHEIEL, ¥ /37 BITHE LT 10 ng (A549
M) H5WNES5ug (v h~v~r/m77—Y) OBNLT A E— % SDS-PAGE (2L V43
BELDITHE3EIT =22 7wy b O L FEROFEIC L Y mPGES-1 36 KLU COX-2
Bt Lz,

39



afi g P R

LA BIXT7 v M2 30 mgkgbw iR 5 Lz (n=3), MKV 73 5% 0.5,

1, 2, 3, 4 BXO R FFAICEEARE U BRI L. 12,000 rpm, 4°C T 5 43z DorEE L T
MmAEZ B L7z, BRI bS5 4 REEI2 ICRIN L CEEZHIE L. 10 mM EDTA
& 100 M A > RAZ BRI L T2 AR K A ME RO 4 58I L T Polytron®
homogenizer |2 T 4°C T 60 ATV T A X Lz, T X OWHLER S O/ & Wi

I LC-MS/MS ¥E1Z L 0 HlE L 7=,

LC-MS/MS fEHT

LC-MS/MS fRATI35 2 FICREa D 1A & FERO KM TEE L ALEM BILT b=

VLTHIH L=, b8 B O A 4 B — 2713 m/z471—329 Z 38R L=,

LPS &R EE T L

AFBRIIHA S O FEESEZICE L= LPS (10 pug/2 ml/kg b.w., lot No. 0111:B4,
Sigma-Aldrich) ZZEME Lewis 7 v b (n=35) ([JEENEEG L, BEEHFL Lz, {LEW
I3 LPS HGOHEKZIZHEAEKE Lz, EWEIL Digital rectal thermometer (Physitemp
Instruments, Inc.) % U T LPS ¥ 5-Hi7e 5 ONZ LPS #%5- 1, 2. 3 B L4 BFfE%ICHIE
L7z, LPS I GEME o bu— b Uiz, &HERICEM & 208585 L, IMERETR

(cerebrospinal fluid, CSF) % #4858 22412 L W £#HX L 7=, CSF # PGE» 3 X 0% 6-keto PGF1a

EEIX EIA %~ | (Cayman Chemical) % FWCHIE L7z,

7Y aNy M ENEHIRET IV

TV 2N NFEEMEER T T VX Winder HOTFEICETOEBEIEZIZ THEE L

¥ TV 2Ny NMIIMMEGRE Mycobacterium butyricum (lot No. 7047934, BD Biosciences)
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ZRLERE L T2k X7 7 0 v (FOGHIBE T3) 12 2 mg/ml & 72 % &9 |ZW&¥% L, Sonifier
Cell Disruptor 200 (Branson Ultrasonic) % W\ CHEEIMPLE 21T/~ 70, TV 23
K (100 pg M. butyricum/0.05 ml/paw) % HEME Lewis 7 v FOGBIERANEEG L, ZDH
% Day0 & Lz, 7 ¥ a3 ML D REOIEEN KA LIz Day 19 (28 % R ARFE O
TEMENELL 2D XD TEFER L (n=6), [LAEHH D VITEEIZ 1 A 1
Day 1975 Day 21 £ TR OG- L7-, 72 230 MERE L7 R DOKFE % Day 19 > 5 Day
22 % C Plethysmometer (Ugo Basile) #H\WCHIE L1z, 7 ¥ o\ MIEEREIME 2
Fr— & L, RITENENOEERD EEFEN D 2 b v — VRO RO %

51V N7~ fl % Increased foot volume (ml) & L C/RL 7=,

&

oy

YL ‘I_ﬁg*ﬁ‘
in vitro 77 v A 36 & OV i LN ERABR ORI FEMEHRER 2 TR L, T 0o

(118

FERIT A TP MHAEREEZE TR L2, in vitro BRER TIL, ICs X 4 HEMIEICL VA
H U7, HEHEATIE Dunnett O 2% B ECESRREIZ LV Fhis L 7=,
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4-3 it R

L&Y B 13 PGE, PEE 2 3B RT3~ %

{EE5Y B @ PGE, MIfiliEM SR K ONEIRMEZ e N & T > NofilaT v &4 REHWTEE
fili L7z, AS49 #lf 7 & A TIXLIL-1BALEIZ L W COX-2 & mPGES-1 OFEELNTTHE L |
PGE, FEAENHIMN L7z (Fig. 4-2A) , AiERR Tl PGE, DI 6-keto PGFio & PGFao PEE
LI L TV, TXB: EEAOE T LT 0 Th 7= (Fig. 4-2B), LAY B 13 PGE;
2R PRAITHNH] L, ICs01d 12.8 nM TdhH 7278 (Fig. 4-2C), PGE, LIS DT B 2% ) A4 R
DEEA I A DI ERAFENTLEE LTz (Fig. 4-2D-F), pEANTLE L -7 1 AKX
A RDSE, PGRauD TSN EN K B E 0 oTc, BELaxi T IaToTn L )
A RPEAZHNH] L, PGE,, 6-keto PGFio, PGF20d3 K TN TXB2 @ ICso IXZ4LE41 0.5, 0.7,
1.38X00.8nM Tho7 (Fig. 4-2G), 7 h~2r w77 —I7 vt A TiE, LPS Hill%
IZX Y COX-2 & mPGES-1 JBinS 24 K1 f CREMUEAFAVIZ T L, PGEy PEAEIT
mPGES-1 %81 & 8B L T 7= (Fig. 4-3A), LPS Hl#4IZ X Y PGE,. 6-keto PGFia. PGFaq
B L ONTXBy DEEAEDIENN L 7= (Fig. 4-3B) . {L5 4 B IZ PGE FEAE 2 111l L L 1Cs01E 1.9 nM
TohHo7= (Fig. 4-3C), —H. ALEMBIZ LD TXB FEEAITTTHE L7=N, (LEWMBIZ LD
PGF2oEAETLHEIX DT T, 6-keto PGF1aPEAEITZ L L 72y > 7= (Fig. 4-3D-F), ElL =%
VTR ETOT AL ) A REAZIGI L, PGE:. 6-keto PGFia, PGF2a35 LU TXB, ©

ICso IXZNZ41 0.8, 09, 3.1 BL3.2nM TH-7= (Fig. 4-3G)

LB B 13 BAF 72 #% ORI % 7R3
L& B (30 mg/kg bow.) 13#% 0% 52 ITHSITRIN S 4, #5650 30 531412 12.2 uM

R0 BH 1 FFRIZIC Coax 19 uM £ T B L7z, 5% 2, 3 BLX 4K TENE
163 uM, 132 uM B L V8.1 puM EFECITIR T L, &5 8 etk O M AE PR 1
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2.6 UM, tip 1% 4.5 il Ch o7 (Fig. 4-4), £7o. MHIREFEORECTH 5 HhHR T s
(AUCo—x) 13394 pgh/ml Th o7, —FH T, MFOIEY B IREITRG1% 4 FFf T

0.6 uM TH V| MAEFRED 104530 1 K Th o7z,

7 v b LPS FHEMIHETE T MIZEB WYL EY B 13 PGE PEAE 29I L, fEEMER 2~

Z v & LPS FHEMFRIET VIZEB T 2166 B OFEMEM 274 L7z, LPS ALE
LV EFED 36.5£0.2°C 725 37.7+0.1°C ~ 2 J@PEIC_E5- L (Fig. 4-5A) . CSF H @ PGE»
B L O 6-keto-PGFq PEAEN EH L7- (Fig. 4-5B), (LAY B @ 30 mg/kg b.w. %512 & 0 fi
BUYWEHFE® Hbiv, CSF 1O PGE, FEAEZ H EIKAFRITAR T &7z, Z DK, CSF 1D
6-keto-PGF 1 FEA DK FiXO T Th o7, BL 2 X713 10 mgkg b.w. THRI) 72 fiFEL

YEH %7k L. CSF 1 PGE, 3 X O 6-keto-PGF 14 BEA: 21 FIE 5222 L 7= (Fig. 4-5A, B) o

Ty b TV a2y b EMBEERET LICEBOL TULEY B IZPIRIEIER 2”4

{bEY B OFIRIENEH 23T 272012, 7 v b7 ¥ a Ny MNFEEEfRET L &
W7z, Fig. 4-6 \IZR L7 L DI, Ty FRENZT P a v MEFE 19 BH (Day 19) @
i m CERIBICIEE L=, /LA B 1Z 30 mg/kg b.w./day R5-EEIZ BV CTHEICERFEDIK
THRRDLNTN, TOEMIZEL 2%~ (10 mgkgb.w./day) LY 99007,
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4-4 £

B

054 TCIEEE 2 IS TARR LB IRM PGE: FEARLERICTH 2/bA W B OIIRIEAIC
SOWT, Ty FEHWT COX2 BRMAEATHL L aF 7 LK LT,

AS49 Hifa T v A TiE, IL-1BHIFKIZ L W COX-2 33 X TN mPGES-1 # > /37 OFEHLN
HEIhT, v AX /A FiX PGF., PGE,, 6-keto PGFio, TXB: DJEIZZ  FEAE ST
Izo ALEW B 1% PGEy DREL 238 RAYITHNH| L7223, — T 7T n A% ) A FOEA
ZILHE LTz, o7 m 25 ) A ROTUEILE 3 5 TRl & i L 72 /LEm A IR0 TH
ROOLNTBSRTHY /LEWB LILAW A L [RIERIZ PGE: &% (8% 5 < mPGES-1)
EETDHZEICELY, PGE UMD T T A% ) A REAZITLHEL TWDH EEZ LIS,
PEANTLES N T B A% ) A4 ROHPTIL PGRWuDITLHENE L, ZOJLESI N &l
PGE, D#IHIE LV b 10 f5LL EE D o7, PGE, BT B 2K ) A4 R~Disfans it =

DA, WS 1 01D PGEL S 1 531D PGFaulllnla S5 & FHRIND D, AR
FHER Tl Sz PGE: UL LD PGFRuEE N TL S L7z, Z ORR AR 572
WX T 0 AH ) A REAEHO A = XL OWTHERT HDUNERNH D, 7 b~V
07y —Y7 vEA T, LPSHIKIZ LD COX-2 3 XU mPGES-1 ¥ > /37 OIBLHFH
BIh, mA¥ A RiXPGE:, PGFa. 6-keto PGFia, TXB: DNAIZZ < FEAE S LT,
bEMBILT v b~v27 17 7 —UIZB T PGE FEAE Z BRAYIZ NI L, PGFauds XY
TXB FEAZ U LT, —H T, AS49 flila” » & A LI1THE7ZR Y 6-keto PGFiaFEAEIZZAL,

TFEO bR 2Tz, mPGES-1 / v 77U b~ AF LU mPGES-1 BREFAIZ W2 2
NWETOMETIE, b T ury ) A4 REEATD T 7 A VOERRESNLTND
7o & 21X~ v ABRIRAIIE &2 728798 Tk, mPGES-1 KIEIC X Y PGE: FEAEDN B LT
8 6-keto PGF1oX° TXBa FEAIZZALIE 72 < \PGDy DFEANTLHET 5 L i ST s 3L,
L OWFZETIX, mPGES-1 Z R LM~ 07 77— % LPS THIM L& 2 A,
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B A L LR L C PGE, & 6-keto PGF1oDFEAED M S LTV e st ShTng 37, —
J7C. b MHEERAEHWRBRICE VT mPGES-1 FAEANIM O 7 v A& 7 A RPEAIZIT
WBE G5 22007 L0 ) HER 52, PGEICINZ T 6-keto PGFia& TXBy O FEAE DI
SNV OHMELDH LB, EHIZ, vV AEE~Y I v T 7 —U% LPS THIB L 72 5E8R
TlE. PGEy DEAMBN EVY 6-keto PGFia FEANN L LT L WEINTWND 3P, Zh b
DFERINS, TrAZ ) A REAT T T 7 A VOB THIRFECHEMIC L > TR &
EZbND,

Ta AL ) A REET T T 7 A NVOEIL TXAYPGL /N7 » AORE i, F72 b b
TREEEEH 2 A3 5 TXAy E PV IMRIE 2479 % PGL &% L[R5 Z L1 & 0 fikke
[FCNT o AMEE, ZORER, LIMEROEFHEICERELZEZ 5000 LRy, L
2 L7eA B, mPGES-1 KIBIZE W TXRF O PGE OREHP A L, PGL O
HN3 2725 TXA OfREIIE LN ERRESNTND, £72, COX-2 &R
FHNZ L > THLtE S 2 SHBENROD AR MEPAZEDY . mPGES-1 K~ U XA TIIjLE L2
EMIREIITND 23, Lieido T, BINAYIC PGEy EEAEZPAE L7 HEG TH COX-2 12
REPLEAID X 2 200 & R ~DEBII D2 L NHIRF SN2 P, Bl O Tl
mPGES-1 OEZF /K & mPGES-1 [HEHIC L 2 I FAIMLE CIIRERANER D &
STV D 2 Enn 3 BRI PGE, FEAMLFEAOLMERA R h~DFEIZD
WTIE, BFEAIO AR~ DB 2 HEGHE T 572 EO S bR AN LE L b
Do

IEEWBIET v MTBWTRAFRFEARINMEZ R LZZ &6, 7 v b in vivo FKHE
BT BT DEM 2R LT, LPS 38R EE T LIZB W T, ka4 B IZMEVEN
o Lo, FEENIMOPBIR TEIZIBWTELEIILD PGE ICX» THificiiTnad Z &
D %0 IR PGEy PEAEPAEANIMEFIE LTAMTHL EEXBND, Ll
NH,ALEY B OEVERITE L ax v 7 X0 L8hotz, BLaX o 73R n LR
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DAL - D e RAGE IR EE DS MAE PR RIREE L IZFHE LN Z &R Do TV D ¥, K
BEORFTIL, L 232 71% CSF 10 PGE, FEAE & IZIEF2EITHIH L TV z—F T,
{EE% B 13X 30 mg/kg b.w. i 5-FF T 6 CSF 1D PGEx Z 55 RUZITHINHI L T\ o7z, 2
HUEEY B ORI E S MIEPRED 10 50 1 K TH Y . MR 51k
BN TER KO PGE, FEAMHI N AR+ CTh o7 2 ERRAEE X BiLd,
BT, 7y T Y2y MNFEEMEREEKE T VIZEBIT 20EY B OEH 27 L 7,
ZOETNVFEESY v F O BRET N E L TUAS ANSLNTHEET L THY
COX-2 BIRMIPRER DA NEDN B STV D 32, REOKG TIRIARA ) 2 7l 4
HZEERARE LT BERNER SN % DG B OG- % BME Lz, £ D5 R,
&Y BT S VT R OFIEZ UGE Lo, Ko T, 2R PGE, #EAE A X EIH
VT ORBEEELTHEHTOLI EEZXLND, LLaenb, (LAY B OHIRIESE
HiZtLraxs 7 X0 6585057, ZOBEME LTILLTD 2 DO AEEMENRE 2 6D,
1 OHIZASOMRB I T Y b~ a7 7 —=U7 v A OFEENS ALAEHB @ in vitro
PGE; EEAEPHEIEENE L a2 X7 L0 9N Z R 65, 2 DHITIFENEIED
ENEZ NS, ELaxT 7 %2 mgkg bw R OEE L72FFD Crax 38 £ OV AUC)—ol
ZNEN 1T pM B XLV 41.9 pgh/ml EHE SN TWS P, —F T, KEORFHI XL V1L
EW B D Cumax BE DN AUCo-lE 30 mg/kg bw. RO EGRETENEN 19 M BL O
39.4 ugh/ml THDH Z ENGH->TEY . 1FF 2 mgkg bw.OE L a7 ERIZ%OMF
RELEZOND, LLERDL, AEORBRIZEBIT 2L aX 7 OMHEIT 10 mgkg
bw.Tho7Z b, KVMHPIRENENZ ENTHRIN, T OENEIEHD
BRSO TWNWDLZEREZLLND, LTEDB-> T, £V invitro IEFMED TR, L HEHED
B U720 38IR ) PGE, BEAEBLEAI CTHAUZ L VBN iR 2 " T L B2 b5,
ARETHONTZMREZ £ L D- X% Fig. 4-7 (277, FRA) PGE, FEA L ER 2 v
TERRE S FES X OMEIRSS X FEIC PGE, 2 L TWD Z XV RIB Iz, 2O
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AITHEIEDOENLEY MRIEET MIBWTELNIEHMAE —ET 52 &0b, 2Thb
DRIEFISIZI T % PGEy DB 5% & B IR+ 5 L b,
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Fig. 4-1.

Chemical structure of compound B
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IL-1
(=) (+)

6-keto
|PGE2 PGF,, PGF,, TXB, (ng/ml)

COX-2 o IL-1B(-)| 0.5 0.1 5.4 0.1
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Fig. 4-2. Induction of prostanoids synthesis and inhibitory profile of compound B in A549 cells.
A, A549 cells were treated with IL-1p for 24 h and the expression of COX-2 and mPGES-1

(upper panel) and the production of PGE, (lower panel) were examined. B, the production of
PGE,, 6-keto PGFia, PGF2qa and TXB, with or without IL-1f treatment. C-F, dose-dependent
effects of compound B on the production of PGE: (¢), 6-keto PGF1« (d), PGF2a (€), and TXB: (f)
in A549 cells. G, dose-dependent effects of celecoxib on the production of PGE,, 6-keto PGFia,
PGF2q and TXB> in A549 cells. Results are shown as the mean + S.D. (in duplicate).
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Fig. 4-3.

peritoneal macrophages.

the expression of COX-2 and mPGES-1 (upper panel) and the production of PGE, (lower panel)
were examined. B, the production of PGE», 6-keto PGFi0, PGF2o and TXB, with or without

LPS treatment.

B 6-keto
|PGEZ PGF,, PGF,, TXB, (ng/ml)
LPS (-) 0.0 0.2 21 23
LPS (+) | 232.3 39.8 59.2 29.9
¢ 250 -
E 200 -
£ 150 -
§ 100 -
50 -
0 T T T 1
0.1 1 10 100 1000
Compound B (nM)
E 100 -
= 80 - ././j\_
E
E 60
‘53 40 -
o 20 -
0 T T T 1
0.1 1 10 100 1000
Compound B (nM)
G
= 250 - —o— PGE,
% 200 - =+~ G-keto PGF,,,
£ - PGF,,
e 150 - —— TXB,
E 100 f
2 50 -
E —

0.1 1 10 100 1000
Celecoxib (nM)

Induction of prostanoids synthesis and inhibitory profile of compound B in rat

A, rat macrophages were treated with LPS for 1, 2, 4, 8, and 24 h and

C-F, dose-dependent effects of compound B on the production of PGE-> (c),

6-keto PGF1q (d), PGF2q (e), and TXB; (f) in rat macrophages.

G, dose-dependent effects of celecoxib on the production of PGE,, 6-keto PGFi«, PGF2q and

TXB:> in rat macrophages.
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Fig. 4-4. Plasma concentration of compound B after oral administration (30 mg/kg) in rats.
Results are shown as the mean = S.D. (n = 3/time point).
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-r-Naive
38.5 - -3¢-0.5% MC
=o=Compound B 10 mg/kg
Q == Compound B 30 mg/kg
o 38.0 1 —m-cCelecoxib 10 mg/kg
=
®
s 37.5 7
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S 37.0
©
-
z 36.5
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Time after LPS injection (h)
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Fig. 4-5. Anti-pyretic effect of compound B in rats. A, time course of rectal temperature in a
LPS-induced pyrexia model. Male rats received LPS (10 pg/2 ml/kg) intraperitoneally.
Compound B, celecoxib, or 0.5% MC (control) was orally administered just after LPS injection.
B, PGE, and 6-keto-PGF,, contents in CSF. CSF was obtained by suboccipital puncture 4 h
after LPS injection. Results are shown as the mean + S.E.M. (n = 5/group). The statistical
analysis was performed by Dunnett’s test for multiple comparisons.

* p<0.05; ** p <0.01 for compound- versus 0.5% MC-treated animals.
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Fig. 4-6. Anti-inflammatory effect of compound B and celecoxib in a rat adjuvant-induced
arthritis model. Female rats received a single, right hind-paw intradermal injection of M.
butyricum (100 ng/0.05 ml/paw) in a liquid paraffin emulsion on Day 0. Compound B,
celecoxib or 0.5% MC (control) was orally administered once a day from Day 19 to Day 21.
The increased foot volume of the adjuvant-injected foot was determined from Day 19 to Day 22.
Results are shown as the mean & S.E.M. (n = 6/group). The statistical analysis was performed
by Dunnett’s test for multiple comparisons. *, p < 0.05; **, p < 0.01 for compound-versus
0.5% MC-treated animals.
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Fig. 4-7. Graphical summary of this chapter. Among inflammatory responses, heat and
swelling are mediated mainly by PGE>. These results are consistent with the result of

chapter 3.
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5-1 i

%4 W TIET v MOEEEZ AT 28N PGE: sEALEAITH LAY B 2 W T
PIEET /MCE T D IBER 2Rl L7z, T OfER, BIK PGE, mEAERMLEIC X v fif#h
EHRB L OMIRIEEM 2R LG22 LRI ST, AFE TILEING PGE: AL EA
DRIFENEILIE €T MBI HEBEMIZ OV T, COX-2 BIRILER TH LB L aF
T LW mE Lic, £, PGL OFEEZFMMT 5720 IP T2 T=AMTH D
RO3244019 Z AW THR 21T72 > 72, W, 25 4 TN L72(b &%) B 13m B 515
IOV S B EFHERANRO b (T — 2 EL), — ISR AR TR A
DINE BT DATERHMI CTH 228, BEFHEN 243 2 FANATEIHIER 2=~ 2 &
NG, BRI O CHEBENBRE SN D, LB o T, RECIHEFHFEMNIR
SR MEEY Q4b (LUtR. fLEW C) MWz,
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52 MBEHBIOGIE

iA=L

BN PGE, PEAEBHEA & LT, 32 BICTHR LIbE® C v (Fig. 5-1),

£ L 2% 7% Cayman Chemical L VIEA L7 DEH W, IPT Uy IT=AFTHDH
RO3244019 ((R) —3— 7 xz=)L—2— 5—T == L—_UVTF—2—A)LA T
ANVKR=LVT ) —TabFr), BEXOEPAT ¥ T=2 N ThHDH CJ-023423 (N—
IN— [2— [4— Q—=FN—4,6— T AFINV—1H—AIXY [45—c] BV —1—
AN) Tx=)v] ZF )] INAREAN] —4—AFNANRBU ALK T I R) ITE
— AR AR AIFA LR TETIC TARL LT, BRI HET 2L AT T 0.5% A Tk

Jba— A 400 TRIRIZIEME L, Smlkgbw.OREHETRO®KS L,

EULZ)

TV 2y NFEEEE LT T LTI, 5 27203 6 Wl Lewis 7 v b (EATF ¥
—IVA s UR=) W, A — A MFEMERIEMERET VICBWTIT 4 £/ 53
#n > Wistar-Imamichi 7 > b (@B 5HI5ETT) 2 HWic, 7y h~onu 77— 7 vk
A TlIX 8 #iin D Sprague-Dawley 7 v  (HATZ X)L —) Z Wiz, BiIT=IR% 23
+2°C, MJE%E 55+ 20%ICHERF LB SRICTERE L, BH 20 B D 8 R TABFH &
Lo, HRCREHEDRWIRY | 8B JOUKIZA BB E Uiz, Eid a1 @S

i H Z1T/e o 70, B TORRFIATE — =S 0BWE BRI > TEE L7,
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Ty bh=rn7dyr—U7 vEA

HABETCRW L FEERBECT Yy v~ a7y —T v A 2E LT, M. LS
¥ C OFHIIEIE 4 EOLEY B OFMM & [RIFFIZSESE L7272 LPS(—) I3 L OV LPS (+)
o2 ) A4 REABRBIONELaX L 7TOERITFEIZLEHETH S,

T N7V a Ny NEEEVEREE SR T T L

=K

KRBRIIEFE D DOFIEEASBIZE M LTZ 0, 7P MIFEAEDT V230 M

ayl

EPERIEI R T T L E RIS L O 5 L, #5 0% Day0 & L7z, Day 18 D&%l X
DEMW AR L, Day 19127 v DT ¥ a2 FIEREREE O R RIS E B & 2~3 o/
b % 221 C—EDAM TS [BRTNEE 5 2 72, fil4%E 5 272 5 014 C TR S & 7R
U 7= 8 2 g R R & L CRBRIC 2, (BIR 2 2EES I CRE T L, ke d 50
TREA R ARG L. (n = 6), ERISIMEEWEREGD 1, 2, 3 B X4 KEZIC

JEARASE B & S [ HFR U WIS ARG & R LTz [alka = v 2 a7 & UCRIE Lz,
TV anNy FaeEG L TORWMERTIESA 237130 ThoTo, mEHER TH%IC
B h AL, MR AU L CHEHEZNE Lz, TO®RKKER CRAEBEH L,
for < ALBROD SN £ T-80°C (ZORAF L7z, Bl V> 7 /VITH 3 EORIEMR T D7 1 2 %
A 7 A4 REEMERER L RRITHE: - REY T A XU EZITW, REVFA X EEFRO
PGE» 1 £ W\ 6-keto PGF 1o &IXZNEND EIA % » b (Cayman Chemical) % FHu>CHll

ELT,

A — A MBS RAEMEEIE T 7 /L (Randall-Selitto 1)

AT Randall 5D FEZSZIZHE M LT- >, KHE 60~80 g DKM Wistar-Imamichi
7y MERBAZE VAL, 0.1 ml D 20%1 — R MEEK A A RIERZANES Lz, W

BRI E LT, A — A MO 16 3 X O 18 K% 12 Analgesy-Meter (Ugo-Basile)
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ZHWT 250 ¢ £ TOMMEEAME A — A MLUE R EIIZE 272, 4 —A MLED 18.5
IRE[E 4 (W E AU & - 2. B3RS SO 2 s LT A (g) ZPR0m B & L CRHI
L7z, B BMEDY 60~120 g DEKZRE L, EHICIEMH D WITEE AR AKRE L
(n = 6), KMEMEIIIEWHEGHD 1, 2, 3B L4 RERZICHE Lz, Bf&RlER
TRICEWE LR L, SRR Z B L, BT ERO T v b T Y a8 MR
B EIRIETRE T L & RIRRICH: - RED T A AL AT/ o7, £, BfiD LS
EINL 2 G TR 2 em OFBEMAR A B L AT U F A XLELO A% LR & RO FET
177227, RETV A X EIEF D PGE, 3 LT 6-keto PGF 1o T ZNEND EIA ¥ v b

(Cayman Chemical) % W CTHIE L7,

&

e

(118

{5120
in vitro 7 ¥ A 35 J ONIL R FEVE BB OO 65 e L TR AR OR Ly Z 0o

i LA O EHERERE TR L2, in vitro RBR TIE. ICsold 4 AEWIEEICL VA
L7, BT 7 e 2% ) A4 RIEICEB T, b L D7 a A% 7 A REAR]
FIFLLTF ORI KLV R L7z - 1= {(bEMERGEERO T a2 % 7 4 &) — (RIEFHE
BEEOT e AL ) A4 RE) ) | {(BEEGHOT e A8 ) A4 RE) - (KIEHHLMEK
DT AL ) A RE)} x100, Dso 13 LA OG-8 & IR O R O BRER % /) 5%
BICL VRO TEE LT, AEERTEIZ. 70 2% ) A FEARRIZB VT Dunnett
DL EILEREIC LV I L, ZOMOFERIT Steel DL HELERREIC L 0 F2hi L7z,
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5-3 it R

{WEMCIET v b~ 07 7 —UIZEBW T PGEy Z 3Rl 5

Ty hvruT7y—U7 veAIZBIT AW CORETe T 7 A LV EFHE LT, b
AW C1E LPS FIMIZ X % PGEy PEAE Z ik FEARAF AL L L ICs0 1 1.9 nM T - 7= (Fig.
5-2B) . L& W) C MLEIZ K- T 6-keto PGF 1035 £ O PGF2oPE A 13 S 472 02 7228 (Fig.

5-2C, D). TXB: FEAEITTT#E L= (Fig. 5-2E),

(L&Y C 1T ¥ =N P BB ET RIEIRE T T /WIZ BV C PGE, PEA Z I35 25, i
BB A ] L e
7w N7V any MFREREMIERET VBT LAY C OBURIEM &3 L

Too TV aNy MERE 19 ARICEMERITFE S, RBRIR T IIIm s R S T

W, Bl aki 7 (10 mgkg bw.) 23 EE5# 3 BLO4RFHTSA U 2aT7 2 HEIC
%FE L2 T AR C IV THORFICB W T H 2 2 a7 OWENRD L
Motz (Fig. 5-3A), RERIE T2 OB L 72 B4Rk H 0 PGE, 35 X U 6-keto PGF o % Ml
ELToe 7V a3 FOHFEIC XY PGE2 FEAEIL 0.3 + 0.08 ng/paw  (FEEERE{ERE) 2>
5 9.3 £ 1.8 ng/paw F THINI L7273, 6-keto PGF o fE AT FEBEREE (AL 23 9.5 £ 1.1 ng/paw
THHT=DIZxF L 10.0 £ 1.0 ng/paw LT & A EBLREBD Sz hoT-, L&Y C Tk
HETH D 1 mg/kg b.w.> 5 ERIC PGE, PEAE % 58 < M| L. IDso 1 & 1 mg/kg b.w. AT
Toh-o7- (Fig. 5-3B), —F., BL ax T 7L PGE: & 6-keto PGFio\ T VD EEA & #il

L7- (Fig. 5-3B),
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{LEY C 134 — A FiFEMEVERIEMIENRE T 7 /U B\ T Rl sz $) L7z u
A — A M AR TEMEENE BT V13 NSAIDs D8 /EH MMz /AL AV S Tn
HETIVTHDHTZD, RETIMIZEBIT HILEY C DERIEAZFHME L7, 1 — A FLE

20, EAERIC T D PGEy 38 & N 6-keto PGF 1o PEEITZ 140 1.1 £ 0.02 ng/paw 7> 5
30.9 + 2.6 ng/paw 35 1 V4.0 £ 0.4 ng/paw 7> 5 11.9 + 2.0 ng/paw (ZHIM L7z, £7-. FHEIZ
B+ 5 PGE2 B X 6-keto PGF1oPE4 S Z4LE4 0.08 £ 0.02 ng/tissue 7>5 0.37 + 0.04
ng/tissue 33 X T8 0.2 + 0.02 ng/tissue 7> 5 0.32 + 0.04 ng/tissue (ZHM L 7=, (LAY C 13 EH
fikds L OFHED PGEy PEAEZBINAYIZHNHI L. IDso IXZNZ4 2.9 mgkg bw. LT
42 mgkg bw. TH-7= (Fig. 5-4A, B), L2>L72 5, L&YW C 512 X 2% EED
ZALITRD b2 o7z (Fig. 5-4C), —F, BELaFx 7 (5 mgkg bw.) (FEMHkF
L OFHED PGE: 3 &L O 6-keto PGF /L 2 A EAZHIHI L (Fig. 5-4A, B) . & 5%28 X
3R IS B IR 2 LA &7 (Fig. 5-4C), A — A N BEALE (R K 025 B X
BEZE30gRETH-T-Z2 D (FT—FWL), B L ax v 7 I3RERRRIREE X
FIEFH L~V ETEE L EE 2 b,

ke CLIP T Z A=A b 245 &Jm i 2 i35
L&Y C HNEIRIER 2 RS 2o LM ZH LI T D20l o T n 22 ) A K

PSR AR AT 5 LT D ATEEMEIC DWW TR L7z, PGL A RIEMEEIREIZE G35 &\
IMENHDLZENLHIPT ¥ T=A N Th 5HR0O3244019 % H\TRER A Fha L 7=,
TV 2Ny NFEMEBEIEIE T T L T, RO3244019 HA|TIEAS v A a7 ZdE L
o T3, BBREWNZ &2, (LAY C & RO3244019 Z0FH L7-BHIcB W Cidk L=
X7 ERIBEICARAS v RAaT & L (Fig 5-5A), S 612, 4 — A MNFEESMER
FEVEIIR &7 /W28 T h | RO3244019 HA) TR BIMEICZ(LITEE® e o 17253,
2HIEPEH LT-GAIcix e L ax o7 L RBEICEWEMEZ LA w7 (Fig. 5-5B).
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EP47 VA A=A NEIPT U X A=A MEPEHT D ET Va3 M EMEIRI RE IR T
T IZ B O R ImE & I35

PGE; KD 95| EP4 SRR IIEMERICB W CHEEREE 2R L b L
SN TnE B, LoT, EPAT X IA=AMTHD CI-023423 ZHNCIP 7T X A=
Ak RO3244019 & OOFHRERZ EhE L7z, 72 =30 MFEMEREERIER T T B0
T.CJ-023423 3 LTV RO3244019 [ L HATIERA U A a7 OUGEILRD L2 o T2 )3,

2R LI-RECITR RIS v 2raT #d#E LT (Fig. 5-6),
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5-4 =

B

PGE I3FECTRIE, RIEMERICB N TEERER ZH o TWH EEX LN TR,
BEA70 NSAIDs X° COX-2 R AIPHEAID Z 4L 5 DFERDOIGRITIA b Tnd, L
MU, 2D DOIEHAT PGE: 7217 T72 < COX-1 B LT COX-2 O Tt THEA S
HETOT AR ) A REALIHT 5, PGE, LSO T 7 A% /) 4 ROH Tl PGL 23
RIEF L OPRIEMEETRIZB G L TV D 2 ERHE STV DR 226 PGE, & PGL D%
TEVERIR B 1T 2 %5 2 TN EN ORI EALER S5 VI HEKT v 24 T=2 |
AW TERZEI U2 RIEE STy, £ 2 TF 5 B TN PGE, sEAFH
EHITHHAEM CBLOIP 7 Z T=Z hTh% R0O3244019 % AT, SKIEMIER
(BT % PGEz & PGL D RIZTKENZ OV THET 21T o 72,

KON ALEM C DT a AL ) A4 RIET 0 7 7 A VEMRT D70, 7 b~ n
Tr—=UT v A BFEM LTz, (LAY CIEE 4 ETHE L7LEY B & [FIERIZ PGE: PE
AEBIRAICPAE L7226 (kB C & mPGES-1 FAERITH D LHEE SN D, 54
BRI L7 L E Y B i@ ERICE T OHEHERSRBO OR) (F—F /L),
FREAEH ORI IR & Hr L. £ X5 RIEAR R o2 MEEW C 2 -V TRIEE
PR £ 7 VS 31T 2 SR E R & 3F4M L 7=,

7w "7V any MEEBEEIRERET VBT, LAY C 1 PGE, FEA & i
L72—J7T 6-keto PGFioEEL TS, T LAmMETIIITHES 28 m 4R L,
30 mg/kg bow. 25 L72BED PGE BEAEITE L a v TR ERE L RIREThH 7=, Ll
NS, Lok I BAEEER AR LEIC b D S PEA Y C 13 30 mgkg bow. T b $1
WIEHZRE 00T, LB C LITRR Y | L 3% 71 6-keto PGF oA & H11H
LTWeZ &b, 2o DORIRIL PGEy PEA D Z 4] L T b RIAEMIIE DFEFIT I
A THY PGLR EDMD T v 2% ) A REAGIMGIT20EN DD Z L AR L

62



TWD, A —A FMFEMAMERIEMERET /WZB W T, (LEaW CIIRIER B LU RE
D PGE FEA Z 38R CHIH L. 30 mg/kg bw xR GHETIZEL 2% 7 (5 mgkg b.w.)
Be bR L AIRREIC PGEy BEAZIIHI L7, LA LARNRL, KRET BN ThELaF
T RRNRERIEN 2R L= T AbEW C IV TFhoHE T H#mIEH 2R S 72
Mot ZORRIE TV 2Ny MR R E T L OfE R L RIBRIC, PGEy LUt
DT ALZ ) A FPRIEMRRBEEICTE L TnDH & 2Rl LT\,

PGE, AN D T 1t 2% ) A ROH T PGL WNRIER L ORIEMLIFIC G5 2 &2
ZWBEENTWHTZD 220 P72 T=Z b LTHRESN TS RO3244019% %
HWTPGL ¥ 7 T VD FHIZOWTHF 21T o7, 73 230 MBS R E TR £
TV T, RO3244019 HAITIXEIRIEH 2R S o 723, L& C & RO3244019
A LIS GICE L ax o 7 ERFOEEIEM 2R Lz, 4 — X NS IIEN
EIFET MZBWTHRBRIC 2 A Z O LG A Icoit L aXx o7 LIRS O EH

MO BT, D OREIE, PGE: & PGL i 5 D ¥ 7 L S S SENEfE RAB U 7 5-
LTERY, 2OWMGFZRFICHET D Z ENERIEABBICKLETH D Z L 2R < R
LTW5,

JoR T VXA TR U 7 AR AR O —FE T do 5 ASHRAERS KO C #RfEIC Ko
TR S, BIEMREICFET 2R EZBRIIB VT Na™® Ca' 2 EOERE FI1TE
INDZ L TREAOND, BEOKRWEL LTUIT 7 VF=000 A 20 ATP
REPMBITND, PGE2 & 2 WME PGL 1L, Ml RIZHBLT 2 E2NEND G &
AEERSRRICHES L. 7T A X =B AHDL VT C 2 LT EEREDEIC X

BREFNEETIHEZE TS 2L CRRBBZFLETHEEZL LN T
% 00 RERSUTCTHW e RIEMRE BT T LICB W T, RIEICK > TEAINT
PGE; & PGL Oi MR EZEIRICB T HBEORTAFHFLEL THY, Eboh—FH0
VT NEIRELEZELTUIMEDO T 7 FIANZENEM O E CREmBEHE LT
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2, SUREHORBUTITE O o7 B2 6D, T2FEBEIRENZ LT, 7V an
VN EEMEREEI AR E T L TIE T Y a Ny MEREIZ L 5 T 6-keto PGFiopEARIZ 2 LI
Ao ole, TOREIT EFFHITAEL TWD PGL b RIEMEIRD AT  =— X
— L L THBELS D Z 2R LT D, L, SRR SAERTIIRERE 5 2
OINTZRHZ DO AR FHEE I N D, RETOERKE RN L IEfMER A T = X AT A
ThHDHM, 7TV a3 MEFEIZ XY 6-keto PGF o PE2EITHINMN L7205 7228 IP 2 AR D%
BUIAMEIN L7255 PGL & 7 P ALt L, TR RRBEREICTH S L T\ e b LiL7euy,

PGE; O A O TIXEFRIEMA R A+ ThH D & H 2 & 2R3 2 TR RIT
mPGES-1 / v 7 7 U b~ U A& HWHIE THlE SN TWD Y, ZOmIXTIE, A%
Y MR AR ECE T V2BV T mPGES-1 / v 7 7 U b= U A IR R R A ]
Enieinot, FEFLIIMOT AL ) A KA PGE, DIEA &4l 2 I Tl il &5
LTS EBERLTCND, Hx DIFFRICBWTYH, LAY C 12 L DEINA PGE, EAER]
FIZLY  mPGES-1 / v 77U b EAROREEENELZ > TV DHLEBEZHND, PGE,
BLO PGL LSO T 1 25 7 A RSKIEMER Z O MHR R d s O 78 ICB 5 L T
HEVWOIHENDH D, To& 21X, BHPENIC PGD, 25925 LEREBEAFHFEIND
2, IEHER AN = A LI TH D, PGRauNT BT 4 =7 (BT AZ K UL
DRI Z IR 2 L& C 2R RE) OFBICEAG LT H Lol bd s &, Tk

DOWFFETIX, PGEx & PGl O 7 L & [RIRFIZHNHIT 5 2 & 12 K 0 RIAEMER Rl i & i
ETCXDHENRBINTZN, ZFNLSNDOT B RE ) A4 FORIEMEERIZE T 5 &EN
DNWTIIAZRILRDIMHAVBNLETHA .,

212, PGE, 288D EP SRR ZI U TRIEMIERBICE G L TV D0 &Mt L7,
PGE: DZ M E LT EPI~EPA D 4 DOV T XA TRHMHILTNDLN, 2D H7Va
N MEREIC K o T EP4 OFBINBRBMREIC W THE I, RIEMRRIEEIC T 5
TLIENHBNTND X, SIHIT, RIEETMTBWTEPAZHROT 1y 71T 8-
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PSIEMFRB LOERIER A R T 2 ERRESN TN D ¥4 2o 0MmREZHFE %
EP4 BT & T=2 F & L THE SN TV D CJ-023423%49 2 FI T Fex BV
RAEVEEIR £ 7 /WIZ31T % EP4 DR G-Z S L1z, T ORER, 72 23 M FErERIH
RIETRET /MZFU T, CI-023423 BAITITEIRIEH 3580 b ieinolz, CJ-023423 %
AW R D DR TIX, 7T 5 = iFEMEO SIEMRE IR 7 /13 X OMREA AR
EEE AN T ¥ a s MFEMEBERER T T V2 T LAt L U@ MR EN
EIFET LE LTHNTEY, WTNOET/UZEBWTE CJ-023423 BESFIEMAZ/R L
I ESNTND ¥, TVany MEeEERAIE L THWTW D RIEHk 2 23 EE L 72E
THEFRRRTH L2, FROIZEESRPHISHEEIN TN RWNWT Vo "y MEFED 2
HARIZARBR A F2hiE L TV D 83 Fe 2 ORI & 13R85, ETMOIFRET, 792
v NERRIZ K o THRARMHIRE C EP4 BB HE S 112 OITHEF 2~7 R ORI TH D L #
HEINTWDLZ D, TVay MERE T H £ TO IR R O B Tld EP4 N KJiE
BLIORIEMKIFIC BT E L TEBY, ZOHMTITEP4 7 ¥ T=Z MZ X > THM
TERDREO NIz EBEZ BND, —H TR R, BERPERICER S NT1E
PEHI T, EP4 O7 1y 7 2T TIEEREN 2R TIE R+ ThL L E 2 b D,
CJ-023423 & RO3244019 OPFHNC L W BRI BB b= &b, 9 L@

T EP4 7217 T2 < 1P V7 Vb RIEMR RIBBUC 5 L T 5 Z LR Sy,
EP4 LIS EP SZAMICE L TIIET 2 L TRV, RUFFERE R O B IR AE TR 1

BT 5 PGEy v 7 F VX EIZEPA 4 LTV D Z EDVRIB S LTz,

ARETHELNTZHALEZ F LD % Fig. 5-7 1287, AFRICE Y RIEMER R @
W7 7% VB A r— RIZk > CEASIND PGE, & PGL DM AT E L THD,
Z O & RRFCIEIT 2 2 E PN EURIERRBICULETH D Z RO TH L2 L 722
o7z, Flo. PGE2 DY 7 FIVIT 4 DOZERY T H A4 7D 5 HEIZ EP4 ZREEKEZITL

TIRABND T LIRS LT,
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Fig. 5-1. Chemical structure of compound C
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Fig. 5-2. Induction of prostanoids synthesis and inhibitory profile of compound C in rat
peritoneal macrophages. A, the production of PGE,, 6-keto PGFi0, PGF2o and TXB, with or
without LPS treatment. B to E, dose-dependent effects of compound C on the production of
PGE: (B), 6-keto PGF 10 (C), PGF2q (D), and TXB> (E) in rat macrophages.

F, dose-dependent effects of celecoxib on the production of PGE», 6-keto PGFio, PGF2a and
TXB> in rat macrophages. Results are shown as the mean £+ S.D. (in duplicate).

A representative result from reproduced experiments is shown.
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20 - ONormal
m0.5% MC
5 18 | ©Compound C 1 mg/kg
16 - aCompound C 3 mg/kg
mCompound C 10 mg/kg
4 14 {4 ®Compound C 30 mg/kg
o 12 - aCelecoxib 10 mg/kg
S 3 2
0 210 -
£ ->=-0.5% MC * 9 g |
& 2 —O=—Compound C 1 mg/kg
——Compound C 3 mg/kg 6 -
1 -—e—Compound C 10 mg/kg 4 -
—4— Compound C 30 mg/kg 2 |
g 1= = Celecoxib 10 mg/kg
T T 1 T 0 A
0 1 2 3 4 PGE, 6-keto PGF,,

Hours after administration

Fig. 5-3. Analgesic effect of compound C and celecoxib in adjuvant-induced chronic
inflammatory pain in rats. A, Time course of pain score. Male Lewis rats received a single,
right hind-paw intradermal injection of M. butyricum (100 pg/0.05 ml/paw) in a liquid paraffin
emulsion on Day 0. At Day 19, animals with established hyperalgesia (pain score = 5) were
orally administered compounds or 0.5% MC. Pain response was examined 1, 2, 3 and 4 h after
administration. B, Effect of compound C and celecoxib on inflamed tissue prostanoids’
production in adjuvant-induced chronic inflammatory pain model. Inflamed paw was obtained
after the last measurement of pain score. Results are shown as the mean = S.EM. (n =
6/group). The statistical analysis was performed by Steel’s test and Dunnett’s test for pain
score (A) and prostanoids’ content (B), respectively.

* p<0.05; ** p<0.01; *** p<0.001 for compound- versus 0.5% MC-treated animals.
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PGE, 6-keto PGF, PGE, 6-keto PGF,,
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——Compound C 3 mg/kg
—e—-Compound C 10 mg/kg
——Compound C 30 mg/kg
—=Celecoxib 5 mg/kg

Pain threshold (g)

50 T T T T
0 1 2 3
Hours after drug administration

Fig. 5-4. Analgesic effect of compound C and celecoxib in yeast-induced acute inflammatory
pain in rats. A, Effect of compound C and celecoxib on inflamed paw prostanoids’ production
in yeast-induced acute inflammatory pain model. Inflamed paw was obtained after the last
measurement of pain threshold. B, Effect of compound C and celecoxib on lumbar area of
spinal cord prostanoid production in yeast-induced acute inflammatory pain model. Spinal cord
was obtained after the last measurement of pain threshold. C, Time course of pain threshold.
Male Wister-Imamichi rats received a single, right hind-paw intradermal injection of dead
Brewer’s yeast (20%/0.1 ml/paw). After 18.5 h, compounds or 0.5% MC were administered
orally to animals with established hyperalgesia (pain threshold : 60 ~ 120 g). Pain response
was examined 1, 2, 3 and 4 h after administration. Results are shown as the mean = S.E.M.
(n = 6/group). The statistical analysis was performed by Dunnett’s test and Steel’s test for
prostanoids’ content (A and B) and pain threshold (C), respectively. *, p <0.05; **, p < 0.01

for compound- versus 0.5% MC-treated animals.
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Fig. 5-5. Analgesic effect of compound C and/or RO3244019 in acute and chronic
inflammatory pain models. A, Results of adjuvant-induced chronic inflammatory pain model.
Male Lewis rats received a single, right hind-paw intradermal injection of M. butyricum (100
ng/0.05 ml/paw) in a liquid paraffin emulsion on Day 0. At Day 19, animals with established
hyperalgesia (pain score = 5) were orally administered compounds or 0.5% MC. Pain response
was examined 1, 2, 3 and 4 h after administration. B, Male Wister-Imamichi rats received a
single, right hind-paw intradermal injection of dead Brewer’s yeast (20%/0.1 ml/paw). After
18.5 h, compounds or 0.5% MC were administered orally to animals with established
hyperalgesia (pain threshold : 60 g-120 g). Pain threshold was measured 1, 2, 3 and 4 h after
administration. Results are shown as the mean = S.E.M. (n = 6/group). The statistical
analysis was performed by Steel’s test for multiple comparisons. *, p < 0.05 for compound-
versus 0.5% MC-treated animals.
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|==e=0.5% MC

Pain Score

—o— CJ-023423 30 mglkg
{1 J=——R03244019 30 mglkg

—e— CJ-023423 30 mglkg +
. R0O3244019 30 mg/kg
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Hours after drug administration

Fig. 5-6. Analgesic effect of CJ-023423 and/or RO3244019 in adjuvant-induced chronic
inflammatory pain model. Male Lewis rats received a single, right hind-paw intradermal
injection of M. butyricum (100 pg/0.05 ml/paw) in a liquid paraftin emulsion on Day 0. At Day
19, animals with established hyperalgesia (pain score = 5) were orally administered compounds
or 0.5% MC. Pain response was examined 1, 2, 3 and 4 h after administration. Results are
shown as the mean = S.E.M. (n = 6/group). The statistical analysis was performed by Steel’s

test for multiple comparisons. **, p <0.01 for compound- versus 0.5% MC-treated animals.
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Fig. 5-7. Graphical summary of this chapter. It is suggested that both PGE> and PGIL signals

play important roles in inflammatory pain. Among PGE:> receptors, the EP4 receptor

dominantly contributes to PGE> signaling during inflammatory hyperalgesia.
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o5 6 TG

PRIE” BRO A [FEEREERYESOETH D —J7 T ABMERIELIB ML T
BV TITRIESIR 2 DAEIR B RN EE OETEOE 28 L KT S5, BIRMHEREIES
BAER Y U~ KB 2 ST D RIEFER OFEFIIZIEL NSAIDs 23R < W H T
WD, L L7220 HREN NSAIDs 33 & O COX-2 HiR A RHE A T I i A% e 0.0 . %
AR N 27 OERBEESNTEY 5 LVERWERY 27 DERWIEARKD b
TWnb, ZHETORETIE, RIEFRIC K-> THEENDL T T RAH ) 4 RDHH PGE;
INIIEMERICEHE LR EZ R LT D LB 2 LT G 21223066 F 7= PGE, pE/E
O F P LT- 54 BEAF NSAIDs X° COX-2 IR AIFHEA] CTRE®D 5L D ML E FEE L
A R MR EORIWER Y A7 ICI35 82 G 2700 2 ERBIfFSND Z b, E#iR
1) PGEx PEAFHEAIDN - MR EIRA O X —7 >y e LTHBE SR TWS, LALR
N6, JBIRE PGE, EEALEFEAIIARE L& T 63, ZOFRIEERL L OEEE
FIZOWTIEAERAH TV, 2 2 TARIFE T, RIER L OREMRERIZE T 5
PGE; D F HAZ DWW TR PGE, FEAPLEHZ W CRETH Z L 2Ry L Lz,

8 2 B O O &G AR /2B IR PGEy EAEPAERI OB 2 B L7z, BARTO AT
FETEINTE Y MIBIT DA PGE, FEAFREEMEZ A L T\ ey F7 Y — L
AW BTla 25 OFEMRBEIC L V. S SICiEMENE LB Ert b ikE Lizbd
MAZRH LI, ALEM A ITENLE Y MNIEEZRT OO, KIEETT /L TIHINT
WAHTy NTIHEMENRELEHTHZ EDBbrolclc®d, 7y MIUERZET H{LE
WaE RS T 57Dl E BICEMEZITR o7, TORE, XU YA IL—VERNT v
MIEM®EZF T2 EE2HALMNIL, S OITEEERBIZEELZ R EsEx 2 U E
BEAETHILEMBRBLOCEZRH L,

B3 ETIE, BTy MRIEET VB X OREEERETT MBI X F7 Y —
VB TH DG A OFEFIEFIZHONT, BEfFNSAIDs THDH A RAZ U BID
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mPGES-1 PHEHITH 5 MF63 & Lt L7z, ZDfEFR. {bA# AL in vivo 23T
PGE; FEAE 2T 5 & & HITA — A MNFEMREAET VB L OT ¥ 2 MFENERA
HRET VBN TCENTENEEE NSAIDs TH LA > RA X v L RSOMBVERE XL
OBRIEVERZ /T 5 2 L0oREni, S5, MEEEEER 250 LoBER, bh
MAIZA Y RAZ L XD BEALNIHEEERNHNZ EPRINT, LILARR 6,
A — A MFEMERIEMIIFET MZBNT, A4 RAZ S UREFEIERZ R LTc—HT
bW A TERIEH 2 RS RroTe,

FAFETIE, 7y MRIEETVICRBIT DX U VERILAEY B OFKBIERIZOWT,
COX-2 IWPAFERICTH L L aFx o7 L RF 21T/ o 72, ZORHE. (LEW B I
in vivo T PGE, FEAE Z I8 RAYIZHNHI L, LPS S EMREAET LB LT Vo v Mg
PERREI R ET MCB W TENENHEVER B L OHIRIEER 2R~ L7z, (L& B O3
EABEIZEL a3 7120055 L O Th o778 in vitro TEMER L OMEANEIEZ L v
UE S E 7 3IRE PGE: FEAFLEAIZ L 2 L0V S 600 FgnFcE 5 &b
N5,

FSETIE, 7y MUEMWERET VICBIT 5% 2 U U EEIEEY C OFEBIERIZS
WT, L a7 LR 21T o7, ZORMEK, ALEM CITT ¥ a0 MFEM
BT SETIRE7 Vd L O — X MFEMERIEMEKIR £ 7 /LIZEB W T, in vivo T PGEx &
+ i L7z i B 6 T ERIERANRD v olz, ZOMEITE 3 EOENLE v
OB REFRTH D Z & I HIC COX2 BIRMAFAI CThLEL X T
FWTNUDOET L THERIEANREO LN LD, RIEMIRETIWEIZIL PGE: 720
Th<Mho7Ta 24 ) A4 FbHE L TWD AR R I, £ 2T, RIEMERIZ
542 LA ST 2 PGL DREG-ZREES 272012 IP 7 > % Z= A | RO3244019
OIHEIER 2 35f L7z, £ OREE, RO3244019 TV T ORIEMEIRET MIZB W TH
HAITITERIEH 2R S 0o 723, (B C & RO3244019 0 LGBk L=
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F 7 LAFEOEIRIEM 2R Lz, ZORRNG RIEMREREEICISVTIX PGE, 72
T T7%< PGL b Z OFFEICEE L TE Y | 2O G Z [[IRHIIEIT 5 2 & SR IER T
BUIKETH D Z L PR R ENT, H%IZ, PGE2 DZBFERD 5B EDY T Z A4 7
RIEMIEIFICEHE TH D NERFET 572012, EP4 7% T=RZ k CJ-023423 % A iz
A A 2k Lo, 7Y a3y M EMERRI R T T TRV T, CJ-023423 HLAI T
SR IEFA RO DAL Do 723, CJ-023423 & RO3244019 % OF 1 L 72354 (880 (E 3
WOLINTZ, ZORENL, RIEMRT®BIZIEIT D PGE, 7 F/WILFEIZ EP4 4T L
TWAHZ LRI,

ABFFEDOFRER NG | JEIROFE BN & DO RIESERITEING PGE, FEAZPAE AN L 0 Il
LIS Z R siic, L LRin b, RIEIC X 290 SOGITEIRRY PGE, EEAERLE
AT 2 2 L TET, ERIEA 2RI 72OIZIZPGE, v 7 F /v L PGL v 7 /L
DO 5 % [FRHZHE T 20BN H 5 2 LR S vle, iBIRA PGE, EARFEA O k
(BT DHEEHOHRE T2 < AR TRBO SNIHERNE MIBWTHRRTH S
PNIRBATEDS . IR PGE, EEAEPHE AT IEZEIREY COX FLEAIR COX-2 R FHEH A
CITRRDIEBR T T 7 ANV THDH I EDNRBINT, RUFIEIT, RIEVER TS mI

T, B PGEr EEA L EAIR L N PGL AR T o T =X M Z LD HLA| T3
MThirbO0, TNOLOMHICL VHEREMICIHIT L Z 2D TRLIEBDTHD |
BTCOTuRZ ) A REEAZIHIT 2 BEAF D NSAIDs 35 L U COX-2 J# R FHLE A 4 v
TMEDMETITH/LZ EDTERDP ST TH D, LIch > T, AFEILRIENIE

TR D A T = XL DORFRINIRELS HETDHHDTH D,
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LD« —fRFIE, Pk K OMEERTH

FERNZE M LRWER D | 3Tkl L ONEEITEEE 7 v — Rofifllksh & A LA
MUlee VBTN AT v~ N7 77 4 =327 47 7 Purif-a2 %
WO L7, g7 n~ 2777 ¢— (TLC) % Merck pre-coated TLC glass sheets with
Silica Gel 60 F254 ZfEA L. {LG#IL UV F72iZV V) 7T VT ¥ ) — VIEIRS =
e RU sz E0REAR Z M TR L7, '"H NMR A-~7 h/Lid JEOL
INM-EX400 & 7213 INM-ECX-400 Z{£H L, CDCl;, CD;OD & 72|13 DMSO-d6 ¥t %
WTHIEL7Z, 'HNMR D7 IV 7 MERZT T AF AT 2 NEMEEME & L
THXHMEZ ppm £FE L., 7 —Z X7 1 b, ZEE (s, singlet; d, doublet; t, triplet; g,
quartet; m, multiplet; br, broad) . %~ 7'V > 7 € (Hz) DOIEEHE CTHREL L=, MS A7
FMLB X OEDHE MS A7 FLIZZEE I Agilent 1100 series LC/MSD mass
spectrometers 33 . Y Waters Xevo Q-Tof MS UPLC system % W CHIE L7z, TR

(CHN, F) % Microcoder JM10 35 X Of Dionex ICS-1500 % F W CHIE L 7=,

XS F T —)LEREAR DA R

26— 7 BE—B57T—VAFNL—13—_XY N TV —/L (BTla)

Br S
| | »>Br
N

EALSREI) (6.26 g, 28.0 mmol) 35 L OVHLAEEE —t— 7 F /L (3.60 ml, 30.0 mmol) @7 & K
= kUL (50 m) BREAIRIZ, KM T HRD 5, 7T—YAF /N —1, 3=_ I FT Y —
NW=2=TI%200NT TV LT Lic, 61T 30 oid# Lk, diaEie—t
— 7 F 1 (0.30ml, 2.50 mmol) ZiEM L7z, FOSHEZ=RICE L 1R L72%. 1IN
WSR2 M Z, BEg—F Tt L7z, A2 abE, KB X UORfmakic
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TP Lotk BOKRIRT b U v A TR L7e, BIETICTIRBEZ AL, Bohic
5’3%{7&%“/9 7\7/7\/1/7 < }\737,]“—— (n—/\ﬂE‘H“\//ﬁ/ﬁﬁﬁig‘ﬂ/ = 10/1*5/1) G:VC%@
L. IEfba® 1.99 g (R 27%) ZEK L LTET,

IH-NMR (CDCls) &: 7.71 (1H, s), 2.61 (3H, 5), 2.55 (3H, s); MS m/z 322 (M + H)".

2— 7 HE—6—T N A —-57—IAFNL—13—_V N T —L (BTlc)

F S
>Br
N

6— 7N F T —57—AFN—13—_ IS F TS — )L —2—T I EHNT, {bEY
BTla ODAERIEIZHEL T, Eifb &Y (IR 76%) %157,
'H-NMR (CDCly) &: 7.63 (1H, d, J = 6.0 Hz), 2.42 (3H, d, J = 2.3 Hz), 2.39 (3H, d, J = 2.3

Hz); ; MS m/z 260 (M + H)".

TFN—1— (6—7TBE—5 T-VAFIL—1, 3—_ Y R TV —)L—2—A)L) B~
VY —4—FVARFT L— 1k (BT2a)
Bﬁs o]
O£
{b&% BT1a (478 mg, 1.49 mmol) B L R F /L 4— XY D A LRF v L— |k (030
ml, 1.93 mmol) ®A Y a7 La—b (6ml) WKIZ, MY =F L7 I (042 ml,
2.98 mmol) Z A, 85°C (2T 3.5 REAINEEH: L7, RUSHRIZKZ A, HEig—F 1z
THIH U7z, A% G, K KO KIS TS Lo, Bk Y v
D THBE LT, WIETICTREZRHEL, BohiEExzs Vs rsra< v 777
4= (n—~FH o EERTT L =9/1—4/1) 12 TR L AZSE LAY 273 mg (LR 46%)

ZEEKE LB,
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IH-NMR (CDCls) &: 7.29 (1H, 5), 4.17 (2H, g, J = 7.1 Hz), 4.07 (2H, dt, J = 13.6, 3.9 Hz),
3.26-3.21 (2H, m), 2.58-2.56 (1H, m), 2.53 (3H, s), 2.46 (3H, s), 2.05-2.04 (2H, m), 1.89-1.81

(2H, m), 1.27 (3H, t, = 7.1 Hz); MS m/z 397 (M + H)".

TFN—1— 57— AFN—1,3—_V NI T —)—2—A)) XY TV —4—
HNVEFTL— b (BT2b)
S 0]

Jestoo N

L&Y BT2a (147 g,3.70mmol) ®7 b Tt Fu>rZ > (15ml) BLO=% /—/1 (10
ml) DOIRAEIRIZ, 10% Kb X7 T A (1.0g) ZMMZ, KFEFEHK T, 60°CIZTS
R Lo, RIGIRIC NV = TF AT I 2 M T-%,. 824 FAm LTz, BHETIZT
WikaEE L, Sont-giz IV hrvrsa~ 777 04— (h—~FH U/l T
JV=9/1—1/1) IZTHRR L, EitE® 1.10 g (I 94%) ZERE L THET,
'H-NMR (CDCls) 8: 7.88 (1H, s), 6.94 (1H, s), 4.19 (2H, g, J = 7.1 Hz), 3.95-3.55 (4H, br m),
2.76-2.71 (1H, m), 2.41 (3H, s), 2.39 (3H, s), 2.23-2.20 (2H, m), 2.08-2.02 (2H, m), 1.28 (3H, t,

J=7.1Hz); MS m/z319 (M + H)".

TFN—1— (6—7NFra—5 T—VAFNL—1,3—_ Y N TV—)L—2—A)) ¥
RY V4= AR FTL— K (BT2e¢)
F S 0
)@ZN’)_ND_(O_\

{t&% BT1e (1.35g, 5.18 mmol) % AT, {L&# BT2a D& RIEICHE L T, 25k
AW (IR 88%) EHHT-,

IH-NMR (CDCl3) &: 7.19 (1H, d, J = 6.4 Hz), 4.16 (2H, q, J = 7.2 Hz), 4.06 (2H, dt, J = 13.4, 3.9

78



Hz), 3.23-3.20 (2H, m), 2.57-2.55 (1H, m), 2.34 (3H, d, J = 1.8 Hz), 2.30 (3H, d, J = 1.8 Hz),

2.05-2.03 (2H, m), 1.90-1.80 (2H, m), 1.27 (3H, t, J = 7.2 Hz).

1— (6—7aE—5]—AFNL—13—_Y R TV —)L—2—A)L) XY —4

— B IVAR L (BT3a)

Br S o}
O
N OH

{b&% BT2a (800 mg, 2.0lmmol) O /—/L (20 ml) &EKIZ, I N KEE{LF ~U »
LRI (Sml) ZINZ, =T 15 R Lz, SUSIKIC I N BRE 2 N2 7o, 16
JET. Wi E Lz, 0N EEREZ KT Lok, i U ES Y 759 mg O
RS, IR 100%) AR & L THET-,

IH-NMR (DMSO-Ds) &: 12.35 (1H, br s), 7.31 (1H, s), 3.95 (2H, dt, J = 13.3, 3.7 Hz), 3.27-3.24
(2H, m), 2.59-2.56 (1H, m), 2.47 (3H, s), 2.39 (3H, s), 1.97-1.93 (2H, m), 1.63-1.59 (2H, m); MS

m/z 369 (M + H)".

1— 5, 7= AFN—1,3—_X Y R T—)L—2—A)) XY —4—T )R

% (BT3b)

0O
Jentess

&% BT2b (2.04 g, 6.41 mmol) ZH\V\T, (LA BT3a DA AMIEICHE L T, 25
LG (R 98%) #=f7z,
'H-NMR (CDCl3) &: 7.24 (1H, s), 6.74 (1H, s), 4.13-4.09 (2H, m), 3.30-3.24 (2H, m), 2.65-2.63
(1H, m), 2.40 (3H, s), 2.37 (3H, s), 2.10-2.05 (2H, m), 1.90-1.87 (2H, m) ; MS m/z 291 (M +

H)".
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1— (6—71Fdma—5 T—VAFN—1,3— X M) TV —)L—2—A)L) XY

—4—J1 LR UTE (BT3e)

F 0
TXO-L,

{b54% BT2e (1.52 g, 4.52 mmol) % HWT, {b&4# BT3a OARIEICHEL T, itk
B (IR 96%) %437,
'H-NMR (CDCls) &: 7.21 (1H, d, J = 6.0 Hz), 4.07 (2H, dt, J = 13.1, 3.7 Hz), 3.29-3.22 (2H, m),
2.65-2.63 (1H, m), 2.34 (3H, d, J = 1.8 Hz), 2.31 (3H, d, J = 1.8 Hz), 2.09-2.07 (2H, m),

1.93-1.83 (2H, m).

1— (57— AFNL—1,3—R_RISFTV)—)L—2—A)) —N— [(1S,2R) —2— (E K
X AFI) ra~FioL] BERY D —4—HLARFH I R (BT4b)
S (o]
ﬁlﬁ»@*’s@
H
OH

A% BT3b (358 mg, 123 mmol), [(1R,2S) —2—7 3 /v 7 u~Fxi L] AHX ) —
b (241 mg, 1.87 mmol) BELW, 3H— [1,2,3] rUT7Ynr [45-b] U —3—
ZA—/v (336 mg,2.47mmol) D7 XX EEK (Sml) [V =F AT I (859 ul,
6.17 mol) BLW 1—=FNV—3—13— TV AFNT I/ 7Ta /)WL RIA I NEREE

(712 mg, 3.71 mmol) Z Mz, SIEICT 16 BEEEBHR L7-, P27 v A X U2 MR
L7, 0.1 N SRR 2 N2 THFEds Lic, A 2 fafn @Kz e L, K
Wile) b U o A TR LTtk BUE FIC TR A Lz, BRiEEZ V7V a~
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N7T 74— (a—~FY R TV =5/1—0/1) 12 TR LER(LAEY 401 mg (UX
K 81%) Z[EEE L TH,

'H-NMR (CDCls) &: 7.23 (1H, s), 6.74 (1H, s), 5.80 (1H, d, J = 8.6 Hz), 4.35-4.33 (1H, m),
4.25-4.17 (3H, m), 3.36 (1H, td, J = 11.2, 4.6 Hz), 3.21-3.15 (2H, m), 3.10 (1H, td, J = 11.2, 4.0
Hz), 2.47-2.43 (1H, m), 2.40 (3H, s), 2.37 (3H, s), 2.03-1.96 (2H, m), 1.93-1.64 (7H, m),

1.41-1.24 (3H, m), 0.93-0.85 (1H, m); MS m/z 402 (M + H)".

1— (6—7uEx—5T7T—-AFNL—1,3—_XISFT7V—L—2—A/)L) —N— [(1S, 2R)

—2— (B FRaXI AF)) va~ti ] XYV —4—hviRFH I K (BT4a)

O
-§£>
OH
{bA% BT3a (755 mg, 2.02 mmol) % VT, {LAY BT4b OARIEIZHE L T, itk
B (N 97%) #1571,
'H-NMR (DMSO-Ds) &: 7.62 (1H, d, J = 8.7 Hz), 7.31 (1H, s), 4.35 (1H, dd, J = 6.9, 4.6 Hz),
4.06-4.03 (3H, br m), 3.23-3.12 (4H, m), 2.63-2.59 (1H, m), 2.48 (3H, s), 2.39 (3H, s), 1.82-1.76

(2H, m), 1.63-1.53 (6H, m), 1.42-1.40 (3H, m), 1.30-1.19 (2H, m); MS m/z 480 (M + H)".

1—(6—7 A ua—5T—AFNL—1,3—_ VS F 7S —)L—2—A L) —N—[(1S, 2R)

—2— (B RaxI AFN) v rZa~Fia] XYy —4—HLEXH I K (BT4e)

OH
{b&% BT3¢ (3.56 g, 11.5 mmol) % VT, {LA&#) BT4b OARIEIZHE L T, 25k
A (IR 97%) %157,
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IH-NMR (DMSO-Ds) &: 7.62 (1H, d, J = 8.3 Hz), 7.19 (1H, d, J = 6.4 Hz), 4.35 (1H, dd, J = 6.4,
4.8 Hz), 4.04-4.01 (3H, m), 3.23-3.12 (4H, m), 2.60 (1H, tt, J = 11.5, 3.7 Hz), 2.31 (3H, d, J =
1.4 Hz), 2.25 (3H, d, J = 1.8 Hz), 1.81-1.75 (2H, m), 1.67-1.53 (6H, m), 1.42-1.40 (3H, m),

1.27-1.19 (2H, m); MS m/z 420 (M + H)".

N— [(1S,2R) —2— (B FaXxI xAFn) v ra~Fig] —1— (5,6,7— b U XAF )L
—1,3— RS FTS = —2— A )L) XY T —4—FNAARFH I (BT4d)
S (o]
:@EN')‘"D—"N_?D
H
OH

&%) BT4a (100 mg, 0.21 mmol), b VU AF /LR > (579 pll 0.42 mmol) . %
fe71 U 7 2 (115 mg, 0.83 mmol) BL NV AFH 2 (14ml) ORAEWIZ, 7T hTFA (K
U7 2= )ViRAT 4 2) 23527 A (36 mg, 0.03 mmol) 201z, 7V U FFEA T, 160°C
T A7 uy =7 REZITRoTc, RINERGWIZHER=F LV EZINZ ., NEwEtr o
A NAWIZEVBRE LT, AIRZEBIERMEL, SOoNTEEEZ NH Y v 7 e~ b
757 4— (n—~F VR F IV = 41—1/1) ([ THER LIEZLAY 50 mg (IR
57%) ZEE L L TR,

'H-NMR (DMSO-Ds) &: 7.62 (1H, d, J = 8.7 Hz), 7.14 (1H, s), 4.35 (1H, dd, J = 6.6, 4.8 Hz),
4.03 (3H, d, J = 9.6 Hz), 3.23-3.08 (4H, m), 2.61-2.58 (1H, m), 2.34 (3H, s), 2.27 (3H, s), 2.16
(3H, s), 1.77 (2H, t, J = 11.7 Hz), 1.62-1.58 (6H, m), 1.42-1.40 (3H, m), 1.30-1.20 (2H, m); MS

m/z 416 (M + H)".
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X /U URFERD AR
TFN1— (6= AFN—3—Txz=F /) =2—A/NEXRY I —4—F)ILRF T

— bk (Q2a)

D 2—/mn—6—AF/L—3—7x=/LF /U (19.9g 78.6 mmol) O N— A F
rral Ry (60ml) WKRICHKRO=FIL—4— LY D hRFT L—k (48.5 ml,
315 mmol) ZfNZ., 160°C (2T 15 KFfElffe#E L7z, fONTZIRAWITKEZIMA ., i~ F
N THItE L7e, AHE 2 G, Kb L ORI TUeg Liztg, MoK k
U LT LTz, WIETICOREZEEL, BonEEs vV rvrsa~ v 7
T77 4 — (h—~FH MR TF L = 9/1—1/1) IZTHR L, BohizEikz ~%
AT L, S LA 242 g (IR 82%) ZEIA L L CE7-,

'H-NMR (CDCls) 8: 7.75 (1H, s), 7.73 (1H, d, J = 9.2 Hz), 7.68-7.63 (2H, m), 7.48-7.39 (4H, m),
7.38-7.32 (1H, m), 4.12 (2H, q, J = 7.3 Hz), 3.65 (2H, dt, J = 13.3, 2.8 Hz), 2.77 (2H, dt, J =
13.3, 2.8 Hz), 2.47 (3H, 5), 2.41-2.31 (1H, m), 1.85-1.77 (2H, m), 1.71-1.59 (2H, m), 1.25 (3H, t,

J=7.3Hz); MS m/z 375 (M + H)".

1— (6= AFN—3—Tz=FX ) —2—A /R TV —4—J /LR EE (Q3a)

= O
O,
1A% Q2a (20.8 g, 55.5mmol) =¥ /—/L (50ml), 7 b7t Fa~7Z > (10 ml)
BLOK (10ml) DIREGEKRIZ, 8 NIKE(LT MU 7 LJKEHK (15 ml, 120 mmol) %N
Z. 50°C (2T 1 BifE], ZOHEIRICT 14 BB L2, 1 N HBEEE/KIRIE A Iz T Hfn
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L7k, WIE IS TR A E LTz, FRIEICKREZMA, IRWTpHA REEICRHETIN
WK 2 N2 T2 & ZABRDPHT Lz, ZORINEAIZ n-~FH B L= —TF
VN ZERZIEE L=, KIS CUed Uiz, £ DAV ER &2 T TIo e L, 425
LA 193 g (R 100%) Z [ & LT,

'H-NMR (CDCls) 8: 7.76 (2H, br s), 7.67-7.62 (2H, m), 7.48-7.40 (4H, m), 7.38-7.33 (1H, m),
3.69-3.61 (2H, br m), 2.82 (2H, t, J = 11.9 Hz), 2.50-2.39 (1H, m), 2.48 (3H, s), 1.89-1.80 (2H,

m), 1.74-1.62 (2H, m); MS m/z 347 (M + H)".

tert— 7 F/— [V RA—4— (YT ) AFN) vr7u~F] J—~"A—F (C3)
H

A(o-«N'C)'\&
O N

TRD tert— 7 F /v — [T A—4— (E X AF)) v r7a~fi )] J—n~"A—
K (471 g,20.5mmol) BLX RV =F /LT I (5.72ml, 41.0mmol) DY/ am XX
(50 ml) ¥RIRIC, KB T, AZANFRE=/L7 1Y K (2.06 ml, 26.6 mmol) ZiE F L.
0°C (ZTC 2 B¢l S BIZHRICT I IR L7z, ROSEGMICY 7 nn X 4 2z
AR U7t 1 N SRR A N2 CHPfneid L7z, AvE 2 fafn ik s Coavd Ly
MOKFREE T R U O LS THR Lo, BUE FIC TR AR £ LTz, FRIED N, N-V A F L
BAALAT IR B0ml) WHIZ, K Sml) BEOTT b F F U T A (3.05 g, 62.2 mmol)
Z A, 90°C 12T 12 FyfEfiEHE Uiz, RUSREWNTK 2 N A Hilg = Wiz Tl L7z,
AR 2 Ao, SR T Licth, KRS N U 7 LS CTHIEE L7z, E
TICTHEIEZEEL, BonlEELZ VAT Nvra~ N7 T77 40— (n—~F W /fHE
ferF /L =3/1—1/2) I[ZTHREL, Eifba 4.57g (IR I3%) ZEKE L THT,
'H-NMR (CDCls) 8: 4.61 (1H, br s), 3.77 (1H, brs), 2.31 (2H, d, J = 6.9 Hz), 1.86-1.67 (5H, m),

1.67-1.55 (2H, m), 1.45 (9H, s), 1.41-1.28 (2H, m).
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tert—7 F/— [ A—d4— Q=T I/ 2=AF/TF)) r7ua~FIL] =R

— K (C4)

H
Rateett

& C3 (120 g, 5.04 mmol) O/ —/LIEHK (10 ml) (2 8 N /KE(LFT RV 7 A
FiR (1 ml) ZA0Z 90°C 12T 20 KB #R L7z, ROSIEA W2 BIERME L, KIZTHR
L7cth, Eig— T W THhith L7z, AHEZ A, fafnfaifikic Coeg Lk, Sk
BileF b U U AT LT, BETIC TR 2B E L, Eiba® 513 mg Z[ER L
L TIH7z,

IH-NMR (DMSO-dg) 8: 7.22 (1H, br s), 6.68 (2H, br s), 3.42-3.40 (1H, br m), 1.96 (2H, d, J =

7.3 Hz), 1.83-1.73 (1H, m), 1.55-1.27 (9H, m), 1.38 (8H, s).

2— (AR—4—T I rua~FI) T N7 RERE (C5)

L& C4 (513 mg) (ZHIRD 4 NHEEEY 4 XV 1k (6 ml) B L OHIIRD 5~10%
g A 2 7 — IR (1 ml) 22 SIS T 2 R L7, SOSRAY) & I iRAE L
=, BERTF AL EMAFR LZ, BUE TIC T2 E L, Eifbam % EEmIcHE
k& LTHE,

'H-NMR (DMSO-dg) &: 8.07 (3H, brs), 7.31 (1H, br s), 6.74 (1H, br s), 3.18-3.07 (1H, m), 2.01

(2H, d, J = 7.3 Hz), 1.91-1.81 (1H, m), 1.68-1.58 (4H, m), 1.51-1.35 (4H, m).

TF)N— (VA—4— {[(IE) =T xz=VAF L] T/} ra~kiin) 77
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TFN-(VA—4—=T I ) 7ua~Fi ) 77— MNERE C1 (5.60 g, 25.3 mmol)
(ZRIRIRIRKSE T N U U LKA W THRL, Z7radb I Tl L7z, 612
AKIEIZ 0.1 NKERMET R U o KK EMZ, 7 2RV T L., AEZ A
i, KIS T L, BoKAERE ) b U o M TR LT, JBUE IS TR
BREEL SONIERE SR L IR 3.50 g #1572, 45 6 72 ke (1.80 g, 9.72 mmol)
DAF 7 —/v (49 ml) WRIZ, AR RY 7 A (9.00 g BLUONU AT LT E R
(0.982 ml, 9.72 mmol) %% CTERIEIZT 16 FEEE L7z, MISIREWZ AL, BIE
TIC T E R E L, Bt awaSi,
'H-NMR (CDCls) 8: 8.32 (1H, s), 7.75-7.73 (2H, m), 7.41-7.38 (3H, m), 4.14 (2H, q, J = 7.2 Hz),
3.43-3.39 (1H, m), 2.36 (2H, d, J = 7.3 Hz), 2.12-2.06 (1H, m), 1.86-1.54 (8H, m), 1.26 (3H, t, J

=7.2 Hz).

TFN—2— (VA—4— {[UB) — T z=AFL>] TI/} ¥ Zua~Fi i) Fu

N xz— kK (C7)

O

o) ) W
BHEFEHKT. LIAM VFULISA YT LTI ROT Tk Fa7J o wik
(0.353 ml, 0.402 mmol) (&, RTIAT A A—=RAF 7 —/LTHEITF., 1LEW C6 (50.0 mg,
0.183mmol) ®7 Tt K7 J U EiR (0.92ml) ZA1x 7=, K& T, 20 REHEE L
%, BORIATAA—RAZ )= THAILTZ, I LA F v (34.2 pl, 0.549 mmol)
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BLUOANFHAF ALY UEERY T IR (70.0 ul, 0402 mmol) O7 T b K77 U RIK
(0.92 ml) ZMNZ., =W T 2.5 FEMEEEE Lo, KISREGWICfE/T =7 20K
Wik E A, B F VTl L7, AlEZ &, S Kz Told Lo,
KRR RV U A TH Lic, BE IS TRIEAEE L, e asi,
'H-NMR (CDCls) &: 8.31 (1H, s), 7.75-7.73 (2H, m), 7.41-7.39 (3H, m), 4.21-4.09 (2H, m),
3.48-3.41 (1H, m), 2.52-2.45 (1H, m), 1.78-1.67 (8H, m), 1.52-1.46 (1H, m), 1.27 (3H,t, J = 7.1

Hz), 1.17 (3H, d, J = 7.1 Hz).

TF)N—2—AF)—2— (A—4— {[(IE) — T z= )V AFLV] TI )} o~

Fu) Fusx)xz—1~ (C8)

o) —
bW CT %= AW T, L&Y CT BREEFD FIEIZHE T TIETML AW & & &I T-,
'H-NMR (CDCl3) 8: 8.31 (1H, 5), 7.76-7.73 (2H, m), 7.41-7.38 (3H, m), 4.14 (2H, q, J = 7.1 H2),

3.54-3.52 (1H, m), 1.77-1.73 (7H, m), 1.41-1.39 (2H, m), 1.27 (3H, t, J = 7.1 Hz), 1.17 (6H, 5).

ITF)N—2— (VA—4—T I 7a~F)) 2—RXAF)7ax/)xz—kK (C2)

It&¥ C8 (6.51g,205mmol) D7 A& (683 ml) IWHRIZ, KHTF. MU
VA e FERE (2.35 ml, 30.7 mmol) % A1 x CERIRC 2 Refiee L7z, USSR A BT FicT
VI B R U712 AN SRR — FER =T L (10 ml) % CHOWE F I CIallt &/ &
L7z, K (200 ml) ZH1A T Ml T Lz, KEIZ 4 NKER{ET R Y 7 LOKETR
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(15ml) Zhix., Eefg=F L (150mlx 1,100 mlx2) (ZCHitH L7z, AHEEZ A HET
4N KEET B Y ¥ AOKIRIK 3 ml) 20Nz 7=fafn/kigkr kU o LKEER (300 ml) T
Yei L7, MOKRRERT B YU U ATHRG, AL, AIREWTE FIC OB EL, X
ZERIE T 5 2 LI R D 4.02 g OIFRMEEY (R 92%) ARG L LTHT,
IH-NMR (CDCls) 8: 4.12 (2H, g, J = 7.1 Hz), 3.20-3.17 (1H, m), 1.68-1.34 (11H, m), 1.25 (3H, t,

J=7.1Hz), 1.12 (6H, 5); MS m/z 214 (M + H)".

(18,35) —3— {[(RXUPFFY) HILR=)L] T} v r7a~F o LR
(CI0E v —7) BIW

(1R, 3R) —3— {[(RvPNAF) HIAR=)] T} v r7a~FHh o LR g
(C10 % —t—2)

A

O

PCT WO02008/075196 HIFEHMIZERLEL DO h 7 > A =3 — {[(R VA F ) IR =
N TR v ra~k U R Ui (120g) #HWTBEERIK o~ 7T 7 4
— (AN, TNy 7 AD—H, ZRILIRSE/ A X 7 —b =75 :25) IZ T
AT oln, RICIRET2H - — 7 2Eb %, BE FIC OB E L, Eits
¥ (56.7 g, HFHE > 98% ee) Z[EIKE L TH-, /-, B DEHTIE ©—7
REDIH, WENICTHEEAREE L, i bEy (554 g JCFME > 98% ee) Z[H
ke LTH,
'H-NMR (CDCls) &: 7.39-7.29 (5H, m), 5.19-5.05 (2H, br m), 4.79 (1H, br s), 3.91 (1H, br s),

2.63 (1H, br's), 2.03-1.94 (1H, m), 1.83-1.44 (7H, m). [o]o? = +22.0 (¢ 1.01, CHCl5).

N — [(AR,3R) —3— {[(1S) —1—T7 ==L F )] HNANREA )} V7 a~F
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V] J1—A— 1k (C11)

O~ 4@,
T I

L& C10 % — v —2 (300 mg, 1.08 mmol) O 7w %> (11 ml) WiKIZ, 3H
— [1,2,3] hUT7 V1 [45-b] BV Y —3—4—/ (294 mg,2.16 mmol), (15) —1
— 7 xz=)xZ T I (138l 1.08 mmol), | —=F/L—3— B—IAFNLT I /)T H
EV) IR TA I FEEEE (414 mg, 2.16 mmol) . BELOMU =F /L7 2> (0.452 ml,
3.24 mmol) ZNA., IR T 20 Kt Lic, BUSIRAMITKEZINA, 7 madiL L
[T L7z, Atk 2 A bt BOKEIRER ) N U v A TR Lo, BUE TS TRl %
MELL, WEZ VDTN DT LI T T77 40— (h—~FH U/EiBR=T L =
100/0—0/100) [ CTHHIL . HEi{b AW 394 mg (I 96%) ZEAKE L TEZ, Sbh
TEREFWTA Y 7 BT L a— VD Dikd b 21T 72 o 7o, b iviofbsx H
WT X B SR REERRNT I X o THEXF SRR S 2 8 Uz, Mo rfRBLE L (18) —1—
Tz VT H T I UONARERLE A FEIZ (IR, 3R) THDHEWREL, LoT, (LAY
C10 35 &' — 7 ORISR E L (18,38) THD ERE LT,

'H-NMR (CDClg) &: 7.37-7.24 (10H, m), 5.75 (1H, br s), 5.15-5.07 (1H, m), 5.10 (2H, s), 4.81
(1H, brs), 3.99-3.95 (1H, m), 2.32-2.26 (1H, m), 1.89-1.83 (2H, m), 1.74-1.62 (5H, m), 1.48 (3H,

d, J = 6.9 Hz), 1.46-1.40 (1H, m); MS m/z 381 (M + H)"; [a]p** —40.8 (c 1.08, CHCl5).

RUU [(S,38) —3—INANRNFEAL N T a~F U] =" A—F (C12)

O30

OZ-NHz

ILEMC10% v —2 (3.00g, 10.8mmol) O 7 mwm A& (150 ml) WKIZ, K
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T, HRDO L,—HAR= LA I XY —L (210 g, 13.0 mmol) Z Mz, 1 HR#HEHE L
7o BOSIEEYNTHIRD 28%7 »E =77k 20ml) ZMx 7=, =iRIZEL T 3 Kl
L7, RONRICY 7 ma X2 o2 MR AR UTIZE, 6 N Ml 2 iz THmbedE L,
AHERE 2 f A KIS T L, BOKERER ) b Y w7 A CREE LT, BUE TS Cialt %
WMEL, WEZ VW ITNAT L0~ N7 T7T7 4— (n—~FH U/ERTF L =
85/15—0/100) (2 THBLL . fFEacfbad (IR 100%) Z[EAR L L TR,

'H-NMR (CDCl3) 6: 7.41-7.31 (5H, m), 5.79-5.28 (1H, m), 5.66 (1H, s), 5.11 (2H, s), 4.92 (1H,

s), 3.95 (1H, 5), 2.43 (1H, s), 1.92-1.44 (8H, m).

(1S,38) —3—7 /v 7ua~FH LRy Rk (C13)

HZN-Q

HCI ‘3_ NH,
O

{EA% €12 (3.00 g, 10.9 mmol) D% /—, (100 ml) ¥ARIZ, HIRD 10%/37 ¥
ARFE (300 mg) AMZ., AKFBFHEK T, RIRICT 25 RHBE L, SEEYE &
T4 MABLIER, BIETICTREZEE LT, BONTREIC INERT Y 7 — ViR
RaMzx TR ST, WETICTREZEE L, BonikiErmg L, fifk
G195 g (IR 97%) HEAE L L TR,

'H-NMR (CD;O0D) &: 3.67-3.60 (1H, m), 2.77-2.73 (1H, m), 2.16 (1H, dt, J = 13.2, 4.6 Hz),

1.97-1.82 (2H, m), 1.73-1.53 (4H, m), 1.49-1.40 (1H, m).

[(18,38) —3—T7 /v 7ua~xi L] A& ) —)LiEE (Cl14)

HZN-Q

HOL %oy
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PCT WO02009/153720A1 HFABMELak D~ - [(18,38) —3— (B FrF AT
V) I anF U] =" A= F e HWT, LAY C13 DA RIEICHE U TIER(LEY
HE 97%) Z1F7=,
'H-NMR (CD;0D) &: 3.50 (1H, dd, J = 10.9, 6.9 Hz), 3.46 (1H, dd, J = 10.9, 6.9 Hz), 3.46-3.40

(1H, m), 1.94-1.80 (2H, m), 1.75 (2H, t, J= 5.7 Hz), 1.70-1.58 (4H, m), 1.42-1.32 (1H, m).

[(18,38) —3—7 I/ —N—xF ) ra~Hh o HLREFHI R (C15)

H,N

H
N
—

O ﬁ“ ‘©

IEAEHCI0E B — 7 BLOHKOZF AT I QOMT F7t Ka 7T UiEik)
ZHNT, LG C12 DARUEICHE T TR 2157, S ok v, (ke
Y C13 DERGEICHE L TERMEE 2 iR & L TR,

'H-NMR (CDCl3) &: 5.57 (1H, br s), 3.32-3.24 (3H, m), 2.56-2.48 (1H, m), 2.09-1.78 (4H, m),

1.75-1.55 (6H, m), 1.47-1.38 (1H, m), 1.13 (3H, t, J = 7.3 Hz).

AF— (18,38) —3—T7 2 v ru~FHh LRy L— MERBE (C16)

H2N-<:>

HCI (;;7—0\

LAEM CI0E_— 7 BLOA X ) —VERHWT ALAEY C12 DA RRIEICHE U TREE
(R 92%) Z 457z, bRz W T, fLEW C13 OERUEIZHE U TIERILE Y
(I 72%) % EfEE L TR,

'H-NMR (CD;OD) &: 3.69 (3H, s), 3.44-3.36 (1H, m), 2.92-2.82 (1H, m), 2.32-2.25 (1H, m),

2.06-1.91 (2H, m), 1.76-1.67 (1H, m), 1.65-1.37 (4H, m).
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zF)— [ A—4— ({[1— (6—AFN—3—Txz=LF /) —2—A)L) XYY

VA=A N] INR= TR ) vruanki] 77—k (Q4k)

g NCHM'CH,O\_

&% C1 (183 mg, 0.823 mmol) 35 X UMEA 4 Q3a (202 mg, 0.583 mmol) . 3H— [1, 2,
3 U 7Y [4,5—b] Y Y —3—4—/ (1.75g 129 mmol) BLUN,N—T A F
NEY Yy —4—T I (724mg, 0.593 mmol) OY 7 anr A X YRR (4ml) (2R T
FAT Y (041 ml, 291 mmol) BLR1—=FL—3— B—TAFALTI /) TaEN)
TNRTA I FEEEE (340 mg, 1.77 mmol) Z Nz, =IRIZT 15 RS Lo, v 7
Ha R EMR AR LT, 0.1 N R KEER 2 N2 Tl Uiz, AE % faf e
AR TR LU, BOKARERT Y U M TR L2, BIE IS TRIEE R E L, 7%
WE VTN ra~ 777 04— (a—~FHUEHRTT L (10% A% 7 —L) =6/1
—1/2) TR UIES LAY 262 mg (IR 88%) Z [k & L CTiE7-,

'H-NMR (CDCls) &: 7.76 (1H, s), 7.75 (1H, d, J = 9.6 Hz), 7.69-7.63 (2H, m), 7.48-7.40 (4H, m),
7.37-7.32 (1H, m), 5.47 (1H, d, J = 7.3 Hz), 4.13 (2H, q, J = 7.0 Hz), 4.04-3.97 (1H, br m),
3.76-3.69 (2H, br m), 2.77-2.69 (2H, m), 2.48 (3H, s), 2.26 (2H, d, J = 7.3 Hz), 2.17-2.09 (1H,
m), 2.00-1.91 (1H, m), 1.73-1.60 (10H, m), 1.26 (3H, t, J = 7.0 Hz), 1.25-1.17 (2H, m); MS m/z
514 M + H)". Anal. Calcd for C3,H39N30s: C, 74.82; H, 7.65; N, 8.18. Found: C, 74.92; H, 7.71;

N, 8.20.

[V A—4— ({[1— (6—AFN—3—Txz=LF /) —2—A)) XYY —4—A
V] VR =v) TR ) vrua~Fduouv] Eifg (Q4))
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O
p N:>—(
N
H OH
(@]

A% Q4k (377 mg, 0.733 mmol) D=4 /—/L (5ml) FBILOUK (0.4 ml) BREHRIZ,
8 N /KE(LF F U w7 /KR (0.7 ml, 5.6 mmol) % /1% T 60°C (2T 2.5 BEfHRE L=,
FOSTREINT 1 N KSR 2 N2 TRtk & L7ctg, B =T /LIS Tt L7z, AHE
EDYE, SMEEAKIC TSR Lok, BAKET M) UL THREB L, BETICT
W2 A L, el b 338 mg (3R 95%) %4572,
IH-NMR (CDCls) &: 8.96 (1H, br s), 8.01 (1H, s), 7.62-7.60 (1H, m), 7.57-7.52 (2H, m),
7.49-7.45 (4H, m), 6.18 (1H, s), 4.00-3.97 (3H, m), 3.45-3.39 (2H, m), 2.50-2.42 (3H, m), 2.50

(1H, s), 2.35 (2H, d, J = 6.6 Hz), 1.96-1.37 (13H, m); HRMS calcd for C30H3sN303 (M + H)*
calcd:486.2756, found:486.2751, Anal. Calcd for C30H35sN303°3.1H20: C, 66.95; H, 7.67; N,

7.76. Found: C, 66.95; H, 7.28; N, 7.38.

N— [V A—4— Q=T 2/ 2=FFY/2TFN) v7ua~xi] —1— (6—AF/L—

3— Tz F ) U —2—A)) ERXY D —4—RFH IR (Q4i)

{bE% Q3a B L OMLEW C5 W T LAY Q4k DA RIEICHE T TERILEY (UK
F91%) 1371,
'H-NMR (CDCl3) &: 7.75 (1H, s), 7.74 (1H, d, J = 8.7 Hz), 7.68-7.64 (2H, m), 7.48-7.40 (4H, m),

7.37-7.32 (1H, m), 5.50 (1H, d, J = 7.3 Hz), 5.40 (2H, brs), 4.05-3.98 (1H, br m), 3.76-3.70 (2H,
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br m), 2.77-2.69 (2H, m), 2.48 (3H, s), 2.17 (2H, d, J = 7.3 Hz), 2.16-2.08 (1H, m), 1.99-1.89
(1H, m), 1.73-1.59 (10H, m), 1.30-1.19 (2H, m); HRMS calcd for C30H37N4O> (M + H)"
calcd:485.2916, found:485.2910, Anal. Calcd for C30H3sN4O»20.33H,0: C, 73.44; H, 7.53; N,

11.42. Found: C, 73.59; H, 7.81; N, 11.13.

N— [VA—4— (e FafxTAF)N) va~Fiin] —1— (6—AFNV—3—T7x=

¥V r—2—A)) XYV —4—HNLARFH IR (Q4h)

= 0
»—N

PCT W02004/087680A1 HFAFTIEFLHH D (A —4—T I /7 mnFigl) AX )
— VR 3 L OMEE Y Q3a ZH W T, (LAY Q4k DA RIEIZHE L THERMEAY (X
R 52%) w1HT.
'H-NMR (DMSO-ds) : 7.92 (1H, s), 7.69-7.55 (5H, m), 7.52-7.37 (4H, m), 4.38-4.35 (1H, m),
3.76-3.71 (1H, m), 3.62-3.57 (2H, m), 3.27-3.23 (2H, m), 2.66-2.57 (2H, m), 2.44 (3H, s),
2.31-2.23 (1H, m), 1.55-1.24 (14H, m); HRMS calcd for C20H3¢N302 (M + H)" calcd:458.2807,

found:458.2810, Anal. Calcd for C290H35sN302 « 0.25H>0: C, 75.37; H, 7.74; N, 9.09. Found: C,

75.08; H, 7.92; N, 8.88.
TFN—"2—RAF)N—2— [VA—4— ({[1— 6—"AFN—3—Txz=LF /) —2—

AN) EXRVT —4—A)V] INAR=)N) T ) vra~kigL] Frsl))z— |

(Q4a)
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L6 Q3a B L MEEM C9 % VT, fbEW Qdk DA RIEIZHE U TIEEREA Y (IX
KI%) ZEEE L TR,
IH-NMR (CDCls) &: 7.76-7.73 (2H, m), 7.67-7.64 (2H, m), 7.47-7.40 (4H, m), 7.37-7.32 (1H,
m), 5.54 (1H, d, J = 7.6 Hz), 4.12 (3H, g, J = 7.1 Hz), 3.75-3.70 (2H, m), 2.77-2.70 (2H, m),
2.48 (3H, s), 2.19-2.11 (1H, m), 1.87-1.83 (2H, m), 1.74-1.49 (9H, m), 1.25 (3H, t, J = 7.1 Hz),

1.16-1.05 (6H, m), 1.13 (2H, s); MS m/z 542 (M + H)".

2—AFN—2— [+ A —4— ({[1— 6—AFNL—3—Txz=)LF /) J—2—A))

RYT—4—A)] INER=)V} T ) vra~Fov] FaRUm (Q4b)

0
O
N
H OH
0

L&Y Qd4a ZHWT, LAY Q4 DERIEIZHE L TIRRL LG (IR 16%) A [EH 4
& LT,
'H-NMR (CDCls) &: 7.78-7.76 (2H, m), 7.66-7.63 (2H, m), 7.47-7.41 (4H, m), 7.37-7.33 (LH,
m), 5.59 (1H, d, J = 6.8 Hz), 4.11-4.06 (1H, m), 3.65-3.60 (2H, m), 2.88-2.81 (2H, m), 2.48 (3H,
s), 2.24-2.17 (1H, m), 1.91-1.48 (11H, m), 1.26-1.13 (2H, m), 1.18 (6H, s); HRMS calcd for

C32H4oN303 (M + H)" caled:514.3069, found:514.3093, Anal. Caled for C32H30N303+0.9H20:

C, 72.53; H, 7.76; N, 7.93. Found: C, 72.51; H, 7.83; N, 7.93.
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N— [, 38) 3= "EAf LT 7a~FII)N] —1— (6— AT /N—3—T==/)LF

JVr—=2—AN) RV —4—HNLARFT IR (Qde)

ieD*O

//—NH

5% Q3a B L MEAW C13 % HV T LEW Q4k DG EEIZHE U TR EA W (IX
R 66%) Z1HT,
'H-NMR (CDCls) &: 7.78 (1H, s), 7.76 (1H, d, J = 8.6 Hz), 7.69-7.66 (2H, m), 7.49-7.42 (4H, m),
7.36 (1H, tt, J=7.4, 1.1 Hz), 5.99 (1H, br s), 5.50 (1H, d, J = 6.9 Hz), 5.36 (1H, br s), 4.08-4.01
(1H, m), 3.78-3.71 (2H, m), 2.79-2.71 (2H, m), 2.50-2.45 (1H, m), 2.49 (3H, s), 2.19-2.12 (1H,

m), 2.06-1.99 (1H, m), 1.94-1.84 (1H, m), 1.77-1.45 (10H, m); HRMS calcd for C29H35N40> (M
+ H)" caled:471.2760, found:417.2761, Anal. Calcd for C20H34N402°0.5EtOAc: C, 72.35; H,

7.44; N, 10.89. Found: C, 72.30; H, 7.52; N, 10.89.

N— [(1S, 38) —3— (e Fe*xI AF)) vyra~ki ] —1— (6—AF/NL—3—7

= FX ) —2—A ) BT —4— R FT TR (Q4d)

O40

% OH

al

b6 Q3a B L MEAY C14 Z HW T LAY Q4k DA RIEIZHE U TSR EA Y (IX
R 8T%) 15T,
'H-NMR (CDCls) &: 7.77 (1H, s), 7.76 (1H, d, J = 8.6 Hz), 7.69-7.66 (2H, m), 7.49-7.42 (4H, m),

7.36 (1H, tt, J= 8.0, 1.1 Hz), 5.52 (1H, d, J = 8.0 Hz), 4.18-4.12 (1H, m), 3.74 (2H, d, J=13.2
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Hz), 3.58-3.48 (2H, m), 2.78-2.71 (2H, m), 2.49 (3H, s), 2.18-2.10 (1H, m), 1.78-1.37 (13H, m),
1.23-1.14 (1H, m); HRMS calcd for C29H36N30, (M + H)" calcd:458.2807, found:458.2808.
N— [(1S, 3S) —3— (ZFIHNANREA)) Iu~F )] —1— (6—AF /L —3—

T F ) r—2—A)L) ERYD U —4—FHILRFH IR (Q4f)

{gﬂ%ﬁa

H
N
fe) ~—

e

t&% Q3a B L MELEW C15 Z W T ALEY Q4k DERIEIZHE U THERLLEW (1L
97%) ZMERE L TR
'H-NMR (CDCls) 8: 7.76 (1H, s), 7.74 (1H, d, J = 8.7 Hz), 7.69-7.63 (2H, m), 7.50-7.39 (4H, m),
7.38-7.31 (1H, m), 5.77 (1H, br s), 5.49 (1H, d, J = 6.9 Hz), 4.10-4.03 (1H, m), 3.77-3.69 (2H,
m), 3.30 (2H, dt, J = 13.6, 6.5 Hz), 2.77-2.69 (2H, m), 2.48 (3H, s), 2.35-2.29 (1H, m), 2.18-2.10
(1H, m), 1.94-1.87 (1H, m), 1.80-1.60 (9H, m), 1.58-1.43 (2H, m), 1.15 (3H, t, J = 7.1 Hz);
HRMS calcd for C31H3N4O2 (M + H)" calcd:499.3073, found:499.3076, Anal. Caled for

C31H3sN4O2: C, 74.67; H, 7.68; N, 11.24. Found: C, 74.39; H, 7.57; N, 11.13.

AF— (15,35) —3— ({[1— 6—AFNL—3—Tz=LF /)Y —2—A)L) XY

D —Ad—ANV] ANR=VY T ) vra~nFh U R L— 1 (Q4])

O D_(-Q

{LEW) C16 3 L UOMELEY Q3a = W C LEY Q4k DA RIEIZHE L TIERZ L&Y (IX

3R 84%) H1FT.
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'H-NMR (CDCls) &: 7.76 (1H, s), 7.74 (1H, d, J = 8.6 Hz), 7.66 (2H, d, J = 6.9 Hz), 7.48-7.40
(4H, m), 7.35 (1H, t, J = 7.4 Hz), 5.37 (1H, d, J = 7.4 Hz), 4.13-4.04 (1H, m), 3.73 2H, d, J =
13.2 Hz), 3.69 (3H, s), 2.76-2.69 (2H, m), 2.58-2.52 (1H, m), 2.48 (3H, s), 2.16-2.08 (1H, m),
1.98-1.91 (1H, m), 1.78-1.24 (11H, m), MS m/z 48 (M + H)", Anal. Caled for

C30H35N303+0.2H0: C, 73.65; H, 7.29; N, 8.59. Found: C, 73.79; H, 7.53; N, 8.36.

(18, 38) —3— ({[1— (6—AFNL—3—Tx=AF U —2—A)L) ERYI—4

—AN] ANR=Y TR ) s~ U LR R (Q4g)

o]
N
#-OH
(@]

{LE% Q41 2 W T, (LAY Q4 DARKIEIZHE L TIEEGEEY (INZE 51%) %1597,
'H-NMR (CDCls) &: 7.77-7.73 (2H, m), 7.67-7.63 (2H, m), 7.48-7.40 (4H, m), 7.34 (1H, tt, J =
7.4, 1.1 Hz), 5.46 (1H, d, J = 7.4 Hz), 4.13-4.05 (1H, m), 3.75-3.68 (2H, m), 2.77-2.69 (2H, m),
2.67-2.61 (1H, m), 2.47 (3H, s), 2.18-2.09 (1H, m), 2.09-2.02 (1H, m), 1.87-1.32 (11H, m);

HRMS calcd for C20H34N303 (M + H)" caled:472.2600, found:472.2600.

N— [(S,2R) —2— (B RaFIAFL) v r7a~Fin] —1— (6—AFL—3—7

TR )Y —2—A)) BERY D —4—HLARFY IR (Q4be)

T [(IR, 28) —2—7 /v 7 a~Fi )] A% ) —1LBIOMEEY Q3a #
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T, LAY Q4k DA FIEIZHE L TIERUEAY (IR 83%) Z[EKE L THT,

'H-NMR (DMSO-de) §: 7.93 (1H, s), 7.70-7.63 (3H, m), 7.61-7.60 (1H, m), 7.56-7.38 (SH, m),
436 (1H, dd, J = 6.9, 4.6 Hz), 4.03-3.99 (1H, m), 3.63-3.58 (2H, m), 3.19-3.08 (2H, m),
2.67-2.58 (2H, m), 2.44 (3H, s), 2.42-2.35 (1H, m), 1.60-1.49 (8H, m), 1.42-1.35 (3H, m),
1.26-1.17 (2H, m) ; HRMS caled for C20Hz6N302 (M + H)+ caled: 458.2808, found: 458.2818,

Anal. Calcd for CooH3sN3Oq: C, 76.12; H, 7.71; N, 9.18. Found: C, 76.17; H, 7.68; N, 9.19.
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