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1 DB 7 7 3 — A ANTOEERFIC L 2 FEVEH in vitro,  1n vivo TO a[fi{k,
H 9 1 OE., FMFNTEMERE S EE N OB X (25 2 B BT ST AR O EER) CHREAT L
-H5DThd,

4 FTIX,

RO —3 L LT, AR ZA7ZHHN I har R THEREEZFEET I Z LICLiEZ 5275
RO EH EHBREEIZONT, I hay R TOEMHMEERICEELY 525 2 L2 in vitro T
HHND XTI EAT v A RAPIARIER ; nonsteroidal anti-inflammatory drugs, NSAIDs
D—DA Y RAZ L HRY BT, BET VA2 HVTin vivo CIHEEMBEEGEFEL I P RV
7 HRIE MR SR A ORISR AR R D,

5 ETlE,

NERMEOEEIEA N ARRMEOH THROBEER OO —D & If, BIJREE(L7R & o &m0 A F
ATEBERR & OBIRPER STV ARETV AT A NIDOWNWT, i e 2 HREHREE L b N L
A &L L COER OB 2k R 72D 5 | Fi7lZ@E ATV AT A VIE & OBIE A S I/ - 7B H
FIEMEDEHTY A 712D\ T, in vitro THEIFMBEEZ W CIEMERRFER O AP, MIAELT -
BT HERAZERRS, 2 L T2 baZlr ROSRIRI = 2 b a7 U BITHETE
selective estrogen receptor modulators, SERMs D 1EH % ff & THET L 7=,

%6 = TIL,
MENZARO—fLEHR (NO) EAZ EREMW O L X 7218 T in vivo TrIPUL LT 2 J7ik
IZHOWT, MIRBGEER A E STV DG RS (FW LSS D X 95D A) OERICEE
LTClRR%, AIE CHARIZARET AT A O EREHAAIRMENEEROEEFEICH D LS TE
0. SFEER L BB ERT 5 M N R ORI, METR O E B LTz,

%7 E T,
AWFFEDE & D EABRDIERIZONVTIRND, & bW D EMBROE R & 5B GIE T SOR O E
DEFR), WHER BRI 2 BT 5 LT, AmBR e R EE TERICRA D Z L oERZIED,
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2-1 FU®IC

ZOETIX, MBRNTEREIND 7Y —F P ANVORAERE ., BEAMOAIRN), 255 % 4%
T D, MAT, 7V =T ThN, EWMBREOKRITTE & fTHALTTIEZ O TR 218~ 5,

2-2 #iREAT ) =2 I NIV OFREZBFREHEE

A —/N—FF 2 N7 =74 superoxide anion, Oz [ TAEMRNTHRINHET H5OT7 ) —F Vb
LT, ZOBOEHEIEDERICRDZENORERBETH D, ZOMBANO ERREAEPRIL, Ik
a2 KU 7 EHfEEED NAD(P)H oxidases, NOXs TH %,

NOXs [ TAKBIE IR ZAE D BERIE M 233 5, MIEE 213 nitric oxide synthase, NOS 78 &
D, IEMEEERE, —R{bEE ; nitric oxide, NO 24T 5 75\ Wz kY O ZBAEKTA, F0
flFy o FrAF oA —BhEndb s, Mk bREAERE 72 5[],

221 I baYRUTERROT V=T P H VAR

MIRANOEKRDO 7V —F CHNAFESGINEI hay R TERERTH H(2], 7 = VBREIE )
5 NADH & LU TN L7=FEF13%E +5E % complex I : NADH dehydrogenase (25 17 X4, N
fii & AL D D FIBRIZ & 5 COQ % i#%&H L T complex III : ubiquinol-cytochrome-c reductase (Z &
éﬁ’b &%I1EF N7 v— L4 c; cytochrome ¢ 7> 5 complex IV: cytochrome b oxidase (2 & ¥ | 1/202

Z2MEOEFPEINT H0 725, ZOWMBETEFNFILLL, 70 —=F P UWVORAERLE 7
5 DX complex I & complex III TH 5[3], WL L7 1ET2 O 2B ILT H & A—/"—FF
K7 =74 superoxide anion, Oz 24K X1 5[4, 51,

2227)—59ww®%£ﬁ%

AIARETFERD, {’ﬂ#%ﬂa%%%b\ﬁiof EL XD ETHRORICHERE L fGRR 7 Y
—7 /73”“(&6}50 INEHETAHIZI Far R TIZEI b2y R THRRIC 0 2iHE
TEHEYUH L A—=R—=FF L R AL 5’ ‘; manganese superoxide dismutase, MnSOD 23 {77E
L. EBHIZiEEE{L/K#E hydrogen peroxide (H20)IZ AL S5,
202" -+2H* — 0O2+H20:2
SOD % O ZMeFE (02 CifE(b/ksE (H202) (AT 2EER T IEHP LI~ T A 4
(Mn SOD), F 721381 4> L HighA 4> (Cu/Zn SOD)D X 9 72 & @A A & o, MIEIZTFAE
925 SOD X Cu/Zn SOD T&H 5,02 X H2020% I b= > R U 7AMEZ FilE L CHIZE IR 5,
H20213 4 % 7 —F catalase 0/ V¥ T4~ A% v Z—+ glutathione peroxidase, GPx |Z &
D H20 IZHEF L S D, HeO2 I Z E CHRIBNICE E-> TV Ry 7 AT 7Y 7 LIEER
HYANVNT 4 REEBREN LIV T T NVBED AT 42— 2 —L LTHE6, 7], Lo L{MhoE
KTHERZ ERl>T O OAERBEEY HeO2 X EARTDHE, WHOPLBEA ML AL T
F %2 OIE MR FEFE reactive oxygen species, ROS 2Nk S5, HeO2 1348 B A 4 DIFEFCE
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Kw %7 2L hydroxyl radical, "OH %Z /4 U 58],
"OH (34RO TROGED @ < EFEMEN TR, EERS T2 7 VB IVRIEOHEHHITE AL, REIIIC
ERBEOIEE 22k L DNA 248E L Tz EET 5,

2-2-3 NOXs [TAEMRPEIZFET D

NADPH oxidase, NOX /X NADPH /b EF OG5 25% 17T, 020215 L O 24K+ 5, 2
Fay RUTIZHON2 KFBEAERE 2> Tnd, NOX IZHAEREZ I L CTAEMKRBICFEL TH X,
TODT A Y7 —LRNHALATEYRWIZE VRIGRHFG SN T\ 5, BEREICHEBIIZZ Y —F
CHNEER L, EORIGMED R S AN Y 7 URE R EO AR BB L KOS OHELTIH A
LCW5, 9, &7 7 FrofiEa @ CHlEEOERNIZEb Y, =2 K Y — ADOBRSCIEE
R EEAHIEL TS 2 Enboo T [10][11], NOX2 T &ERMEOBIIZANT O %
ER% L . Myeloperoxidase, MPO (2 L 0 WRilfidE 5512 HOC] 4k U CHIlE 72 E O B & w7
AR E CEE 2 EE A2 5 [12], Loy LEAMIEOMEE 2 EE LI X RIEE R B OJRIRIZ H 72 -
TWo, 7V = A NOBEIEEITEFEREICEET 5,

2-2-4 NOS [THIEIZFET D

Nitric oxide synthase, NOS (% NADPH 26 E OG22 37 v =L 027 ) —F ¥
VT H B —ER{LEE 3RS nitric oxide, NO 4k T 5, BETHMIEICLY 3ODT A Y 74— A
WAL TN D, MENEMICHEELT 5 eNOS, #MEMIIIZHEELT 5 nNOS, & 95— DI
Ja CRIEEAL CHRIFFE X415 INOS Th 5, eNOS, INOS [F1EF I E L TR 0 {55 DR
N TW D, NOIEE HIT 02" & BUR L TEFEMEO®mWR—FF > F 1 b7 A 1; Peroxynitrite
anion, ONOO %4 U %, /& Miia TIXEDEREIZEH < —F THERZESE L CRIEDHEEIC L@,
NO [FHIfaE D> 7 fmEmE & LTl E | iRl Tl 7 AR CAER I NS, £ME
B CAR S VD NO IE, BEEET 5 i /s v i 128 = /8 2 ohfl S8 5, /i EREE I
WO @& M OEFE AR OBEERZE AT/ >TEBY, Z OB OIEAREIIFEIRFE 2 & ORIE
ICBEL T2 &EEZX BN TV A[13], NOS [FA4il###E BH4 & LI &K% L T NO %2
AT D0, BIEA NVARTFETDET oIy 7V 7RREE 7R O ZEKT D LTk D
[14], NO #t#aRE & 725 k. 02" & ONOO =4 UHilaz {557 5,
MEWNEHIRO NO ™ FEAN S M8 NEHEEOIK T IX, BIREE (L, 12 VEB R, HERP e &4
EEEFR AL T O, TV NA 77 EOMREERRE, Bk d, e REESE(RICES T
HEBEZ LN TWD[15]

2-3 7U=ZIAh) - EEBRFEORETE

2-3-1 Kk H 7
7Y —F O HNEB L ONEBERIIEISHERE < . MENE 2 5 OREE L,

ESR AV b T v ik

TN EAE L N T y TRITHRE L, BERMNOAEMIZEY AEETRETHEMEMIXL T,
T A B IR electron spin resonance, ESR THIEET 5 H DT, AT MAEIZEID TV
HINFEERFETE D E VI RBEFFON, A A=Y U ZIZIFEHTE 220,
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BT DNA DT 7 = U HHED SNORBEVLEALINT-H DT, IEMEREICL S DNAHENEZ
ST Z L OFERL, BEOBREZ R CTIRPICHEE S WA, F~—D— & L THHMH, in vitro OHifa R
B AR, RGO =D T A T A A =T 700 S 720,

4-HNE :
TN K o TIEE SRR SNTE 2R 2 SRR TR Tt 5, MGOBBE 2 /52 L
WTERN, HURREDT-DTA T A A =TS 20,

(L2236
VR )= NIp EORKREE S D, @EEORENARREN, A A=V 7127+ hood
TUT 4T AT, EIRERE] CCD N LB,

2-3-2 WwHtTa—7

Bex gt 7 e —7 B8 S, RSN TWDHD T, EhafHT %,

Z<IXT7 V=T VAN KV BbE =T D & M7 o RN MBI E D D s E R Y)
DHENAHZ L ZFEE LTS, RAie S T— BEEMEICE L b OITHEMRETE
ARSI NEDONIEEAE T, BIZIEIN T T A FUBEBEORETEREDO LI, ZDHD
WEDE=FY L ZICHND Z LT TE AR, RIEICLY ACHEARLOMELH Y | FaTOBE
MU DGELH D,
AW A L%t e — 7l oW TR %R+ 5,

2-4 HEERAZATARXR=IVT

BITCTIE, in vivo f A—T U 7 L) & 2 0 TBEE R EORFIEEEZ HWzE A A—2 7
MERICR->TEY, BRELLES LTS, LL, BENSMCTEZHELAFIHTEL L0
TRV, HEDOHRDA A=V TOREE L TE, BHEEOLDIIRZ 2 NEN) ZETHD,
EFIL, TOLUETE Y BB L B OB VD C RIS T, RN T A T4
A=V T HfTo T&E Tz, FBRETBENARERTMIIR O 528, Z2ffi7edEiE 2 AV T b i E
MLCMGEERD Z LN TED, ZOBHRIRTIECS Az RElc T 249067 0 —7 2
52T RAEKOEBIEOHFTONFOREERD I ENTE S, HICE X, D ToXEEhc k- T,
OIALIZ ED X H BB Z B, HEHT DG EHEGEAICIVRELRLS ThH, 2% A
ELEEORSEZAERDITDHIENTEDHLEWVW) ZLIZRD, SHIZEZIL., BHEE CRY
AR A BT 2 e TSRO L O e mli 2 EE CTH I CICIRE AIREIS L W) T LT b, FHE, @
O CTRMEE TR & EEG AR T 5O LR U HIETIER L RERZMIT, 20 FE
HES L VR TR T LN TE D,



EIE
A X =TT DEITIRETES

ZOETIE, TNETIATo oA A=V 7T ORI Z I L, ARBFFED AT 72 5 Hofr O LR % ik~
Do
3-1 FHEROBE & BBEARE in vitro

=N Tl NOX A5 2 AP B BRI TAERT 5 ROS 1Ko\ C., BIEEE Y LT
Aminophenyl Fluorescein (APF)[16]% H\ T in vitro, in vivo TEIE | X 2 Eifg L 2 1TV 2 15
TW5b, APFIZZNAEKIZEAEAF®EED72< 02 °NO ™ L idttd ., "OH, ONOO,
"OCl DIRWEEMEZ RS ROS &S L THNEE T H X OIT% D,

3-1-1 JFiEMIm
ROS »&# .7 rn—=7L LT APF %t f,
T MEBEZE % A 2 ES LT ERZFHE L 16 RERIZICENR LT,
Uy — L THMBT RUERE L 10%FBS & RPMI1640 511 (Sigma Aldrich) W C3bisE L,
Ez 12 APF 10 uM &V L 7=,
S L — Y —PMEE LSM700 (Zeiss, Germany) T, 40 5L > X CTH A LT T ARE L1,

Fig. 1 fFREROAEICIEVIEL S5 ROS 12X 580k
T DEIED B FEEE U7 AR ek & e R BRI & 351558 L AFP (10pM) 2 BFHUC & E 472,

3-1-2 b AR

BEHIHZ & E 5 APF X & A BEOEER LARh o228, AF P ERO BRI Y A F 7= bR
I, BT RUEKE OB KRICHE L TROEEDBIE S, MPO 12XV 02 725 OCL 3 %4AET 5
B & Wb T - (Fig. 1),



‘\/‘ Oy ° o
hROS (‘ N ;‘O

SN .
AN l = f‘ coo” Flg'2
o \ 9 APF & HPF s & 3/t b
-y
X=0: HPF hROS=highly Reactive Oxygen Species
X=NH: APF
ROS HPF APF DCFH Table 1
"OH 730 1200 7400 e | ”
OMOG™ 120 560 6600 A FEIGVERE SR I 63 D M
gole] 6 3600 86
'02 5 9 26
0> 8 6 67 . o s
Hz0> 2 <1 190 TR FEDOR == LD
NO 6 <1 150 http://goryochemical.com/product
ROO' 17 2 710
Autoxidation <1 <1 2000 s/rosfluor/hpf-apf.html

APF [Z5RNT P MKV EEERT DL 01005, ZZTOMMAMITIRIANTELESNLD
OCl17Z-7=D T, APF 2R L7z,

3-2 WFHERMEREE & ROS E4 (Oxidative burst) in vivo

3-2-1 J7 LM
Ty Ny U RIS CREE L. BRI A BRSNS & L, B N ISR,
PN CINC-1 (7 v N IL-8£.7E WA ) % 100 ng (10 pg/mL X 10 uL){riﬁT L7z,
ﬁ%qﬂfj?@ﬁu@%@%%ﬁﬁwa\ APF Z{ F L7 (25 uM Xx20 uL),
WHE ORESEPEMBIEEE (B2 7o 0% —, Xt 101%) THA LT T AR LTz,

Fig. 3 7 v MERIEE T o4 FEK Oxidative burst
CINC-1 Zii F L. M IMIEE LG ERIC APF 2B S 872, a, WHHEE G, b, S0 #



3-2-2 il BLAEmE
MAEIMEEE LT ERD B L < ROS 23 &5 Oxidative burst 23N EE2 I, kG =
WXV mE» SR NHmAE = 572,

W a—7 % invivowm T 512H7-0 . DCFH 3 L CTA=, HOBLIZ X 280 KRN
WML <, 2 in vivo DR HICITE S 2o T2, D720, LIBEOARFIEOMmEHI DWW TIX APF %
fER L7,

3-3 B AMREDES &g ROS RE

PR O EF 2 %9 D ROS DIERIZOW T, IE&F M X 0 AIEN ROSIEENE £ > TV DN AHM
iz B W THATHIL 21T 78 > T2,

3-3-1 S LS

Z v MEH BB E RGM-1 fifa & . T ZBRIC B ARE R 2 - S &7 RGK-1 flfa[17]
D, MR OB X 2 X A LT T AR L > TRedk L L7z, APF OaOGHREE D BN
ROS I % e L 7=,

RGM-1:normal cell RGK-1: cancer-like cell Flg 4 ;ﬂﬂﬂ@}gj lﬁl 0)%@@]

72 : RGM-1, 1IE® 7 > b H R
£ RGK-1, 728 AARZ FLffilia

P ARG IR SE s O ruffling B2 IEF ICH LW LavRahz, S hary RUI 7o
MnSOD 7% 5®i|FIZFEBLIE TR L 72 23 UMk 2 W TG L7 & 2 A MilaN ROS IR EE 2 WM
EL BEEBBE LN L3 oTc, NOX LEAITIIMEl shiero7cZ &b, I har R
T HKD ROS Th - THAMIPNIREN & E 2 & MIEEN 532 2 Lnnbao7z[18],

—HOMBEE F LD a T Y "CancerDance” (7 A VU bR %4 American Society for
Cell Biology (ASCB) Ff#DF#Mfg 27 A kT 2011 FED 1st prize & 1E4 L 72,

LUED &9 7ol &2 2 E IR E D & O AW FERBIZ T M AT,



%4%
1Y RXT D VICERRNT 5EHNTO ROS #4A L HILERBES

4-1 [FU®IC

ZOETIE, EENOMRICBITSI b= RY TICHET D ROS ARk &R EE . R MRIZ
DNT, A Y RAZ A KD/ EZHFIZ invivo 74 7 A4 A—Y 7 =02 HETi
L5,

AV RAZ U EIT LD ET A NSAIDs (2 b RU T OEBEBABERICEE L H 2. ROS 04
RAEEMEEAZ N invitro DEBRTHOMNZR > TE, T2 TA VY RAZ I AZONWT, B
W7 V& AT in vivo CIHALE ARG E & ROS ORRA G Lo R A2k~ 5,

4-1-1 NSAIDs & RPEE LB RS

TAEY AV RAZ 7 EDOIEAT v A REPLRIER, nonsteroidal anti-inflammatory
drugs, NSAIDs |%, Bfik, KJE. B L OLIBMERE DT DITHR S —MKAITALTT STV 5 3EY)
THH19]l, L, BEMICOE2RGIHEESOL AR EOHELSRAIHELZ S 92 & 23
5T 2%[19], NSAIDs EZRVEREE EDOREAI X, BRME CIXI NSAIDs Ik 5y 7 udF o7
F—+¥; Cyclooxygenase, COX [LEIC L 57 1w 2% 75 2 E2; prostaglandin E2, PGE2 o 7
EIE D7D, KRBT D L F U FEAL EOBER ARG L, XEBR - THLHRIZEL-T
R ERHIl N EE SN D7D EBH SN TE72[20], FEEE, e AX I V-H ZR/ KT X IT=R
NEZIFET e bR TRERIC L DB DWMORENREDOEKZ A EIZHET L Z E0NREN
TW5I[21,22,23], EHFEOH 7 ANGEERES LY 700 —  NREERAIC X 5 BRI
LU, BiE»0 T MG THEBELORS A E & e NSAID #F5MRBEHE AN . LR T
BINT-L0 BHEEICEZ 52 AP b EnTz(24, 25], /MBI NI/ <, RER T &
YR A D/RT o ZBERITEA CE TH7 2N nE & ST 5, /N5 T o i &k i iy 23 #
LB TH D L HE I TWD[26]720, /NBIZIST DRSS 2 i 3 2 ke A= B o fig B
MEEND,NSAIDs (XX b2 KU 7 OE 5% Complex I Z#F#5E L CROS #34E S w5[27],
S 5|2 in vitro DR B AREIZIZ 35T, NSAIDs (3#idN ROS Ak % EH S W E kR E i
MRS ET D, ZOEEL BRBEAEA & U TR TLT S TWD L3I B RABIEIT 503,
LRXIEREII bary RITIZRET A YV A—=R—=F % R ALZ—F (MnSOD) D3
Ba BRI E0n3bnn (28], ROS OHEIC XL v MO #EIZE Z EnBxbhiz, £
D=, —oDftE LTNSAIDs I b= KU 760 ROS BEA A EH X4, KK arEe
HEETDHZENEZEZOLNTWD, £ 2T invitro THER S 4172 NSAIDs (2 L 5 ROS Ak & ffafE
EN LV EROEETHLEERNOMERICB T ED X 5 ICHLERIFEEE O FRREIZBE 95 D
% in vivo THIA Z L2 HBJIZ, NSAIDs D—2>THHA v KA X R ETHZ LTI~
U AN ETT VEEMR LT, B ERE O ROS Ak & MilafsE, MisEL oFREEs 71474
A= LY R L,



4-1-2 IR D Se TR

B EAEn LicEE 2 UL EORFREARA U P TRIBEZBE LK THZLICXD, D 1 80DK
MARA > OB TITEVWAENWL S IZRZ 256 TH, TO®RORMBZIEIC X 2ZEITEND R
HENLH2LGENHY ., WREEEZMD ETEERTRNY L7025, JiT7EHIE LT Dextran sodium
sulfate (DSS)DEHIZ LV FH SN DL~ T ARBRET VT, RIGHMIEOEEZBMEET 1 7 A A
— UV T TRE LB H I, BRIEE T OB 2 BAE LT BRI TR RIE Lo~ 7 A O KGR
THH L DREEGRRD SN o 7o, T O%OREMRIEIC L 0 THIFIE~ 7 A TR R
HHRE S 22 BRI BE L CRIBNIEIZYE L7z, Z 4% Propidium Iodide C¥efa L T35 2 & C, IE
WA LOENEFMET 5 Z EnTE2[29] (Fig. 5).

ZDIOSEIOA 2 FA X RERMEO/PERBEEEET VBN TH, Z0HEEZSEIZL CH
FRICREEIRGEIZ K 2@V 235 L 7=,

Bright field Propidium iodide

Control

Fig. 5 The desquamation of DSS
impaired epithelial cells and cell
death in colonic mucosa were
determined by in vivo microscopic  Water
live imaging and propidium iodide
staining. The bright field images
were acquired 2 hours after
removing remains in the colon.

from reference 14
Gastroenterology 2012 Oct;143(4):1027

4-2 A&

4-2-1 B} &R

A > R A # 3 Indomethacin [ZFIYEHIEE Kk, HA) X V. Aminophenyl fluorescein, APF |7
KAT 4 v (B, BA) XA L7, Propidium iodide, PI | Sigma-Aldrich(St. Louis, MO, USA)
25, Guava ViaCount reagent |3 EMD Millipore (Burlington, MA, USA) X U ZNZAUEA L7z, LA
I B K Rebamipide [ZRGHIE (L, AA) Kbz 72wniz, 7L % Urethane I%
Sigma-Aldrich £ Y A L7z,

4-2-2 /NGRS FEE T NAAERE A A= 0 7 51k
HEYE 7 iR ICR v UV AZ HAR= A /Ly — (R, BAR) 226HAL, 283C+2°C, 1E 50%
+10%, 12 KFE O A 7 LV OFRMET TR Liz, £ KA X% v & rebamipide % 0.5%
- 10 -



HINVKRF AT LR —A (CMC) I[Z8# L7-, ~ 7 A|Z indomethacin % 20 mg/kg ®H&T
VUoT EFo TRAOKEG Lz, L3I B REERE T, indomethacin % 5-0 10 43 HiZ rebamipide
30mg/kg R OHE L7z, 2> b —ABE 0.5%CMC ##5 Lz, EEZIT-~7 AL, H
R, JOKORMTERE 2kt 12 BFRRICAR-KICEMR LoD L ¥ & 1.75 glkg OEIG T
TR IS U OB A i L 7o, MEH 2B ER, EXAAZHWT 1.5 ecm 2 EEHRRITH > THE
BB Z A, /NG E RIS EH Le, B OBLEIMALICREICH > T 2 em O R & TER
AATYUB L, KA BEHR CTEDL L HIC Lic, BAFT DB ENEDZRIEZ G ST X 912y
BEIZERE L, ABEEUKZRE T L OMBERE 250 OKEB A% NR2 (V27 77 L3x | Kk,
AAR) TREVGEST, HBAF LIZAEREBEKEZ AR TR L7 HRICAEREEKT 5 uM IR L7
APF % 20uL i F L7z, W F22 5 15 /3 # IR A (E 2R 3R BRI SR Optiphoto (= =2 B,
AAR)TB2 7 42—ty M HWTAPF O® BB AR U, [ UG CHGEEEG 2R L
Tre TDOH%~TAEENLT-F F 34CITHR-727 L — D LT 90 MErE L. ZOMICHIINIE L
7RG R &2 fr 5 5 B CABE A K T 5 ng/mLIZFH%E L 72 propidium iodide (PI)% 10 uL
FEREICHE F LT, G 74 v X —% v h&2HAWT PI OEEEEBZ#RE Lz, EBRIXI3EHEYIRL
ITOHRMEZHER L, UG LEEGNS T v Z LGRS 6 F18 THOEIE 2 Imagel 1.45s
software (NIH, USA)% VN CTEHAI L 7=,

4-2-3 ARG ERGAR D 7 o —H oA F A R U —IZ X B

RS BRI D D LT S 2L FOFETHR LTz, 74 7 A A=V 7 LRBROALEIC X
ORI 2 SR U, BeiE T 5, AKEE % NR2 Z2 VTR E O —E 5 (B 1 cm X g
0.5cm) % 10 [A72 20 | ZE|\AFFE LB Mid 2 1mL OB /KICHZES Y, ZO8EL 3
Al 0 K LTI 2 B0 L 7=, Z#% Guava ViaCount Reagent T¥:f L. Guava EasyCyte
Mine system (Guava Technologies, Hayward, CA, USA)Z AW T 7 a—H% A h A — kU —Zf7\,
AR 2 B L7

4-2-4 TN AT —IZ K D E RS R

Indomethacin ##5- L7z~ U7 2 O{HLE RIS AL O 2 176k bEM)E 7 VIV TN
AN TWbHz AR 2T —DIMEN~OIREIC X 5aFHli:[80, 311 CTHEGR L7z, I 2 Xk
DX HTAT- T, AFEEAKIZ 1% TR L 7- =/ 27 /L—Evans blue GEF{bK T3, B,
HA)% 0.05 mL % Indomethacin #%5- 12 R O~ v RAZBEHARES L=, 15 5&IC~v TV 2%
N RV ES =L OBER G LD BIESE, IBE LR L, B0 ELE TOBLE 2 Ky
[ G RIS S D SOeHRI CUIBH L, BB EE/K CHRNEW 2 BEE L CHRIRE 2@ Sz, =
AT N—OIRHIC KV FEIZY A S AU EI A RS AL & L CIRAICHERE L7z,

4-2-5 FREFROREAT

FEERIE, Y+ R EAEAE (SEM) THDb LT-, 7 — 7 HOMEIC W T ORI I,
— LR E N AT o 7ok, Turky T2 AW TRIEZTT-o 72, TR TCOHFFOREIZBNT, P
fl <0.05 ZHFICHEETH D LHIE LT,

_11_



4-3 R

4-3-1 4V RAZ AKX D~ Z/NBEE

AV RAZUROFEE% 12 B O~ A TIE, /NG T ORGIZEILZ &0 EEORENE
S, WIRAIIC HIGE OMAIN SHERR A28 L TR 2l T 2580 H o=, HAIH %
Fig. 6a (ZR"d, #IRPICIHRG Lm0 270 — 3BT A 2y RS ISR L. 1555

bz &nTE-,
YNNG EER O ZEIG T S v o 7,

Fig. 6 The images of the small intestines 12 hours
after indomethacin administration.

(a) The wulcers associated with intestinal contents
developed in the lower small intestine. The arrows
indicate the perforations confirmed from the outside of
intestinal tract. (b) The perforations in the mucosa
observed from inside of intestinal cavity by using
microscope. (c¢) Image of the small intestine with evans
blue staining. The mouse was administrated 0.01 mL
of 1% Evans blue 15 min before sacrifice. longitudinal
incision was performed to show the mucosal surface of
small intestine. The typical leakages of dye were
observed in the lower part of small intestine.

TR ENED DT L T/ THICER LT Y . NEMOITHR

432 TA T A A=V I LD 2R O ROS Fth & SEH e H

EROFREZB LT, = ATV—OIFH O JERIETIIEE D3MEB T E R/ B
22N CHREIE AR RE 2501 5 T D ICHEIREE T 1 7 A A — Vv TR EAT o =, ZE KL A BB BBt
THRLTIATA A=V VBB LT Ao BEIERO b s o zns (Fig. Ta, b, e) . K

fEEC APF 2 F L CENEEBE LT 2 A,

AV RAR D A b & A GRS b R AP 2

-12-



FAWVESENERO HIL ROS IBENE W b hotz, ZhICk LRG0 a o —Lcidig
EAERIDBDONT, UAIVE FEFFIHREG L~ U ATITEARTN->7= (Fig. Th, e, h),
ZDEFIOFEME L, PIRGEZ LA A2 FAZ U EE5~ T XA TIEHBEL THAREZ
7% UERE U 7250 b RO o sEMIR 3 28kt S v (Fig. Te, f, 1), —H 2> b o —/LTldk
EOEIC P a0tz b TN & ORE o7, LAY NEFi&REG~ D
ATIEA V RAZ D UHM K 0 G PL BB ERBEN D72 o T, SO E 2 B G LEERF L 7=
L2 A, ROS DA EEFRT APF O®EMEITA » RA X UG Tay ha— /WG EIC
<y LAY ROFEFIEGIXZ0 EF 2B L (Fig. 8 a), SEMIla%cA K+ 2 PI #Ei#
DENXBEDOHB THA LV FAZ TV UEGHTHAREICELS, VAV REETHEICHHI SN
(Fig. 8 b),

. Indomethacin +
Control Indomethacin Rebamipide

X
.

Fig.7 Representative images of live imaging of mouse small intestine (jejunum).

(a), (d), (g): Bright-field images 12 hours after po administration of indomethacin or vehicle. (b), (e), (h):
Fluorescence images after application of APF on the mucosal surface for 15 min. The epithelial cells
producing ROS were observed. (c), (f), (i): PI fluorescence images taken 90 min after the initial mucosal
clean up. The dead cells were shown as fluorescent dots. Scale bar: 100 pm; magnification of each image is
same.



Formation of ROS production detected by APF Dead cells detected by PI
a a0 b 100
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Control Indomethacin Indomethacin + Control Indomethacin Indomethacin +
Rebamipide Rebamipide

Fig. 8 The amount of ROS generation and the number of epithelial dead cells in the areas of the
small intestinal mucosa (jejunum) that macroscopically appeared to be uninjured.

(A) The amount of ROS generation measured from the APF fluorescence images. (B) The number of dead
cells calculated from PI fluorescence images. The images were taken with the same settings shown in
Fig. 3. n=6, mean + S.E. ** p<0.05, ANOVA followed by the Tukey method.

4-3-3 7 —H% A ~ A U —IZ X 2DWERYEGE 1 & 2 B P& A e O f HY

KRB X 2 WERR 2 B0 L0 REERL% 32 ERMas 7 e —H% A R A RY —T
B LIZRER, 94 74 A= 7T PIL Y01 X0 BFRERGEIC K 0 B8 S 72 SEHIIa L & [FIRE,
AV RAZ VoG~ ATHBIZIEMIAEN ZWER E 720 (Fig. 9) . KIS W EE R I skt
L CHETHIZ 72> TV D T &R ENT,

30 4 TS ET]

25 41

20 4
Fig. 9 Comparison of the number of detaching

cells by the mucosal brushing.

The detaching cells were obtained by wiping the
small intestinal mucosa with a painting brush.
Numbers of the detaching cells were counted by
flow cytometry after staining with the Guava s
ViaCount Reagent. n=4, mean + S.E. ** p<0.01,
ANOVA followed by the Tukey method. 04

T T

15 +

10 +

Sloughed cell (cells/ml}

-

T 1

Contraol Indomethacin Indomethacin +
Rebamipide
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4-4 EE - IE

4-4-1 HHfESE & IR AR

ZOWETIX, A RAZ T U AEPNIREDRIC L > TERIREO ROS #7583 5 Z LIk
S T ERG O 25 & 292 & 2 AERNTYD TR LTz,
A5 OXERE ERAIE, BRI WEE (REBOEMICIE T S) CTHRMESEMELEEND, 2
LT D12 LIz 8 > THALITKE O B~ 8 L, 21t U CTHRMBIXTE By TR LB L C3#
BLinn, ZoMiaBdh s AR RMIED AN A B 2 b a—/L~ T ADOEO I PT Y
RGN & LTSN, 2SR LA v RAZ Vo~ T AT, SEBEREHSICRS$
TS5 D PI BN B S iz, BalC X 2 HIE T H MO & 2 mangis s h.,
WIRAIZIZIRE DB 2 &b 25T H ERMAEN ROS RENE £ o IIRIED K TIX, ¥t
BRI L THREA2Z T3 < o TWD Z LR ENTZ, /MG FE O EWFRRE N ITE LIy
TIEARAIC LR TEDIHREZAE LTV I END BEBLIOVLAD X ) RIFEDIKICIT,
MO NET & B OBENIERNT 5 £ 2 2PN IR E L Tnd EEZ b,

4-4-2 X b= FU 7k ROS O 5

ROS XL E RS EICE 5T 5 Z £ b TS, Kwiecien HiE A F L AT LD H KL
BEOET NV THLHKREHHRHA N LA (WRS) 7 v MIBWT, BB OBERLNEIHE
ERRICEET 52 L2 RELTWAIZ2], #Ho50EF/LTlE, Mo ROS HE%, SOD BLW
TNEF A GSH OFEAENA LRI Lo T LTz, HikaN ROS KD 2 SDOREF O I
TAAMARTIE, I b=y U 7RSS KL OaICF7E9 % NADPH 4% v 4 —+€ (NOX) T
D, RIEMWEYA FIA L - FEEIA 1F, NOX OfFEMILZN L TROS 24k L, Yuxs s/
TV UEAEEET S(833], —J5. 2 hay R THREREEIC X HHIIRE ~D ROS RHIE, 7
R =R EOMBRERZ LI EE T,

T b RY T2 50 ROS %, NSAIDs ERMEHCEEZF T W TEEE&H 2 R34 2 L »3m
HNTVWAHI[34,35], 2 h=y R U 7RSS D complex I 35 K O complex I A3 ROS @ E 7238 IR
THY, WM LZEFICEY O 1 EFELEINT O BERESNS[36], T bz KU THE
WgHIX, ROSICK D AEREEEZZ T HIEERENTLH S, I b2 FUTHROSIZLYHEE
EZITHE, VR cBIOMO TR b —3 2 AFLET L X2 37 PNE ISR S, B A
N=PEEMELTT AR = AR5 & Z & 5[837, NSAIDs (I3 ha v RU T OEmE
% Complex I Z[&E%E L TROS Z4£m7 538, Z4ick v I bar U 7 NERM R SR E ~
Yhruabe N EN, B A= 9B IO 28— 3 DiEMELE L OIS E R LA 5| &
L, 7HR M=V RAIZEDH[39, 40, 41, 42], E72I bar RITolER (T 7V o7
uncoupling) (2 X 28(LAY U U E(LEREITMEAN ATP OREZIK T8, Ca2t2I ha R 7T
DO S, HIRBEOARYEB L ONF A Ny 7 va X pMlaMsEE oMLk E L 75
L. @M K ORI 2 8 <+ 5 [43],

AV RAZ TV ALE~ T ADETIE, ROS T 2@t 7 v —7Th 5 APF OmEHIZ L 0 #E
FeJE ORERE ERHIIRAN THROWEESAB R SN, 2R Lar hr— v T 2AOMETIRHIZEA
EHIITBE I N o7, EDHIC, AV RAZ UV UBERNICLAIE FEROK S L~ T 2D
IBEORMEBITENENTH . ZOBETIFA V RAZ D ULE~ T 2 L0 MRS D2 hoT-, Fexl
PLRTIC in vitro D153 BRI AN BN T L NS B RALFRA MnSOD [28] D3 A2 T v 7L
2 —FTHZLEHE L, MnSOD X har FUTIZRELI hay U 7HERIIC 027
EERET HEE T, MREEICE 5925 ROS #8562 EHE SN TEHE Y, MnSOD %1
TR BT D MBIERIE A b L AICIHETH D Z & b HE STV D2, 44, 45, 46, 471,

_15_



IEXY, AR~y AT LV THEINT APF &%, /1 v FAX VUG ICEIVBESN
T har RYU TG ROS AEREIINZ 7R LT % ATREMEDS BV, NSATIDs A2 R 150 b s 2
DFHHIEREE LT, LAIERDOE SR har FU 7 ROS ZHET L2 EICLDRIENERE
INHRETHS,

4-4-3 /NE

I b3y RY THEREREEICE R T 5 ROS FEAEIC X 0 REIESH NG A3 4 FRAY 72 80 % L C Magg i 73
DEELZZIFROTUVIREEIC 2 > TV A Z & 23, in vivo THIO THER SN 7=,
29 LR B ORTEFE OARREIX, MZ 7= HIRIC X 5 b2 @A A L £ NI T A 7
A A=V THEITI LI Lo THIO THRT A LN TET,

_16_



e — =z
O

REVATAVICKBBRILA ML X & BEFHREEEE

5-1 I FUSIC - REVRATA V&R

MHPRESRATA RENEEICRD &, BRE(LZIZIC O T2 MERCMARIED Y X7 7 7 7
B =25 Z EBNUEIN B BTV 22348, 49, 50, 511, T & & & e IR [52]. K
JRIG[53], T oA = — i 7n E ORI R [54] 72 £ L OBTEBH ST o TV D, BEY
AT A NIBIEA LV AZR| & TAREORBILAIOF TROBEER OO —2[55] B 2 bl
THY, MENEEERZIETIELZENREEREFTDLILLN, TOERAA D= LTEZ L D
STWVRUY,

T, REVATA VIVEHRIEEOEN ) A7 % FRIEDZVR I 77 7 X —THH DT LN
bIdE IR olz, TOETIT in vitro THEFHFMILZ HWT, FEAT A COERIZED
et A b L RAZZITMBICS] S Z S A /AN ROS @ ES. 7R F—T R, HilasaefEEc
ONWTHF LR RE RS,

5-1-1 REL AT A OH

RE VAT A ; Homocysteine, Hey 1%, Gt F A — VA2 & DI ENHET I /BT, X278
B LWT R VR TH D, WHET I JBETHD AT A= Ol A F AL ORFEHEFE T A
M L TAEKRESND[56], AT A ZRE S DR T Vitamin B6, VB6 # 4% & 3%, Hcey
AT IUBIZ L 5 TATF A =R DD, Z OIFE D b 2 FERE R 2 FHV O HERE  Vitamin B12,
VB12 #%:k+5[48], L7=»A->T., VB6, VB12, HEEORZEITL Hey DEs LA S5, £
BRI POATF LT T b RrERE CHSE MTHFR) OBE 2N MPRES AT A
VIBEO EHICEBR L TWABI7,58], A F A= DA FAALDIEBIE TAERT D S-Adenosyl-
methionine (SAM)IZ. DNA X F AL D A FOLVIEBFEIR & U CRIGRHIEICEE CH D, VAT A
X NETFADFRE 720 FA— VR LD IEHEERE L], BREE LY 7 v ORI B
B35,

5-1-2 REL AT A DM

Hey OER SUEEEE A b L A2 K0 AN HIRE 2> 5 O NO OFEAE %K T S M58 N S RE 2 4
HTAHZEIChHDEEZLNTVS, FOAH=ZALE LT, FA—NLERLO/EEICLE VAL
7 4 REEEBAEL RO CEIZ L 560l & T2FHAMNINTHKRN, AILFA—NEE L OV
AT A VT Hey LV @EBETHAIZHDDPOLTMERDY A7 77 72 —TlIRWNZ &b,
BTG EMI6L, 621 TH 2 A D =X LR ESN TV D,

51-3 REVATA NZLD/PIEA KL R

REVATA COERIE, MERNLZMBTHELITALNTEY, Hey OFET L7 R h—T A
D3R A R L A Endoplasmic reticulum stress, ER stress (ZHE [R5 Z & ST ST -
T&72063]l, ER TOX NI ET =T 4V TITIETY ANVT 4 RiEG NS935 73([64]. Hey
DEDELIICER ANV AZERT D0, AD=ALNTETEDI> TR,
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Folate/B12 DEPENDENT

Folate/B12 INDEPENDENT
REMETHYLATION TRANSMETHYLATION REMETHYLATION
/ dietery proteins / folic acid
METHIONINE Tetrahydrofolate
Serine
hydroxymethyl

Serine transferase

Dimethylglycine

Methionine-
-adenosyl

Glycine

S-Adenosylmethionine
N-5,10-Methylene

Betaine- R
mmﬁlf ﬁ"‘% tetrahydrofolate
NADPH
5,10-Methylene

tetrahydrofolate
reductase

S-Adenosylhomocysteine

S-Adenosyl-
-ho tei
Adenosine s oy
N-5-Methyl
tetrahydrofolate

Choline —» Betaine
HOMOCYSTEINE

ATP
Methionyl-tRNA
AMP+PPi synthetase B synmasa
Paraoxonase
Cystathlonlne Glutamate, Glycine
Homocysteine-thiolactone
Cystathionine Glutathione
Q 1-lyase
Cystolngi—» Proteins
a-Ketobutyrate \ CoA
c Sulfates ————p Urine
onyl CoA
Krebs cycle<——Succinyl (:¢>A<—m| "
TRANSSULFURATION

The schematic overview of homocysteine metabolism and its relationship with
folic acid and vitamins. ATP: adenosine triphosphate; AMP: adenosine monophosphate;
PPi: pyrophosphate; Pi: orthophosphate; B2/B6/B12: vitamins B2/B6/B12; CoA: coenzyme A;
R: acceptor; R-CHj3: methylated product; MT: methyltransferases
Int.J. Mol. Sci. 2016, 17, 1733 (3Ci#k[56]) £V

Fig. 10 HEV AT A > ORGH

o)

¢}
H
y C/SMOH S\/\)kOH
3
R NH, _
—— REVATA YV

NH,
ATFF=
(0] NH, (0]
NH, SATA 0 NH, RESAF L
2/ BROKETE

Fig. 11 HREVATA L HHET
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5-1-4 RELATA L LEHE

MHRET AT A U EEIL, Vitamin B6, B12 CEEfE D KR IE[65, 66112 Xk - TR iR I £E
STRIVRLTL AL ELEENTNVD, BAREVATA VIJEN, MERDOV AT 777 X —ThHD
ZLIFHDR O Y 7203 I T EHBRIEIC L D BINOMYL LIZY R 77 7 2 —Th 5 Z L
HEIN, WO THEAINTWS[67,68], ZHTEFOEL IFHEET, BOEOHIZELIL LD L
EZEZ25NTW5[69], T AT A homocysteine (Hey) 2VEHEMILDO T KR b — R &5 &L 2
FTZE[70] . FmHey W27 —F o3 T AaFBERICEET 5 Y U4 %2 % —+E Lysyl oxidase

(LOX) O3 BL 2 Ml 4 25 Z & 3~ v 2 FFEMIak MC3T3 E1 fiflaic W\ Tt v Ccil v [71],
BHFEMPOAELF LB EIHIT 2 2 & THOMI LA EEZ L TW D IR RS T 5,
WEDHIETIIRELATA L DOF A —NVER T ANVT 4 REGZEEAT HERICE AEIiz LY
b A N L RAZFET LA E LTE @Bl SN TE 722360, 72] . IERAA =X 23 L <D
Do TR,
% Z T, invitro DFE R T~ U A HFEMAaE MC3T3 E1 fMifldzZ HW T, Hey IC LV iFE N T
N =2 & LOX BBUZKTT 5 ROS FEA D E LTI, S HITHFHBRIEDIRRKICHW LTS
BN A b v 7 S RIKFHHETEE; selective estrogen receptor modulators (SERMs) @ —>/3F
R 7 =  bazedoxifene DIEHZ G L7z, #BRIE Hey 2/EH ST 5 18 R LAN D 77 4R
h—y23EE L ROS FEA, BIXOHANR—FVORBLZEET o —7 2 HOTHiE L= EHEs %
&L HEHRIRE O Hey % 14 HEEH S B 72 £ WIE 2 T LOX 8L L 8L A b L AfF(E T CTARK
WEEINT 2% & S 2 5EFLEY ; AGE THH NV bV r OEFEERERA, VTAX T
av7 47 KORT-PCRIZ L VR L7z,

5-2 A%

5-2-1 FPpE & Rl

MC3T3-E1 #if@ix BRC: Riken Bio Resource Center (i, HA) L VEEA L7z, « MEM ;i (&7
=/ =Ny FARE), VUVRFMEEFBS) B LOR=Y 2 M7 hv A ¥ id Life
Technologies (Carlsbad, CA, USA) MmoliALTZ, HREZATAUBLIORT Aa/L B T,
Rk T3¢ (KB, BA) 726§ A L72, Aminophenyl Fluorescein (APF) %, Hf{b5F (KL
MR, HA) 22BN LT Ml el iy v~y 2E 7 7 o —F 4tk (KHO012)
BXOHILOX U4 XK 7 m—F bk (NB110-59729) X, Trans Genic (BEA, HA) B X
U'NOVUS (Littleton, CO, USA) 75 A L 7=, 5t MnSOD $#i{K (ab13533)i% Abcam (Cambridge,
UK BN LTz, 3 v{k7 1 &Y v A Propidium Iodide (PI) 3 XUV 178 =& kT 24— /L (E2)
I%. Sigma-Aldrich (St. Louis, MO, USA) 75§ A L7-, CaspaTag, caspase in situ assay kits
I%. Merck Millipore (Billerica, MA, USA) 5 A L7z, /NE R 7 = Vbazedoxifene acetate
(BZA) 1. Pfizer (New York, NY, USA) (2 X » CHUNICRtE Nz, "B RFv 720 BLON17
BTA KT YA — LT DMSO IZ¥fiE L. Hey IR KICIEM LT, Vo AZ T ay MIHW:
LOX {Zx%f9 % rabbit monoclonal Hi{& (ab174316) i% Abcam N5, ~X—% 7 7 F L Z%F3 5 rabbit
monoclonal Fii& (#4970S) X Cell Signaling (Danvers, MA, USA)/ S A L7-, ¥ =5 rabbit
I¢G HRP iEakbilk (£7074S) 1% Cell Signaling £ W BEA L7-.

5-2-2 ffnks 2
~ 7 A MATFEE T R OB AL, MC3T3-E1 #if1% 3.5 cm 25 4 v & =212 4 X 10%/dish T
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FiE L. 5% FBS. 1% penicillin-streptomycin #$/1~7 = / —/L' L v RARE D o MEM E:#1T, 5% CO2,
37°CTHE LTz, 7R b—3 A, ROS £k, KOH A R—BiEMLIZOWTIE, 7 a7z
MZZR o T MIfIZ AR E T AT A 2 EH S 18 R LLN O 153 TRET L 72,

LOX OHBLENV P YU OEMERABRT 572D 1T, MC3T3-El Mild% 5% FBS. 1%
penicillin-streptomycin @Sl 7 = / —/L L v RARE D o« MEM Bt T, 5% CO2, 37°CC 14 HI[HE:#E
Lice 27— U ARERTIZOICHEHMICITT A2 /L BB 50pg/mL 2L, o MEM 53 #1112 4)
ONOLEENTNDT A/ UiEE GO THREARE 100 pg/mL 1272 5 X 91T L 72, bazedoxifene,
17 B estradiol Z Mz 5, F2ITMZ 72T 1ERNIC 2 BIEEH A2 A # L CRE L7z,

5-2-3 7 b — v AR

MC3T3-El ffifid & Hey & bazedoxifene & 7213 17 B estradiol Z I L T, F 721X T, Fiki
FEDS 10pg/mL 12725 KX DI PLZ ML T 18 RFfjEs# L7z,  PLIZAMMRO MR I T EEE ., 58
ATERIICRE 230 L T AR b D78, FEMIaAZ M T& 5, SEMIa O 25 i 572, 0
PI Y5k oM 2 e 5 L — W —BAMEE. LSM700 (Carl Zeiss, jena, Germany) CHgiZ L 72 20 175
DOER IV 17~ LT, FEBRITHEEVIRL 3T 70, MR TR F— R D00 E 5 )
HIRrd 27201, —HOREE TIEF A LT 7 AR L0 MIASEOEFE Tl 2 2 B RERYZ (b 2 B
ek L7z,

5-2-4 N ROS Ok

MC3T3-El #lifid # Hey & bazedoxifene & 721% 17 S estradiol Z ¥ L T, T2 IXRMETE#% L T
5 IC. ROS MitHE 7 0 —7Tdh 5 APF % 10 uM OIBREIC2 5 Koz lz, &5 31
M52 2 e T 7ot R ME R U — P —BAMEE Chb L I = 488 nm FEOLIE K 515 THOCEG 2R LT,
S U 7= Eif8 1%, Imagel] 1.45s soft ware (NIH, USA)%Z VT, AAQHEFE 2k 2 BIME DL a6k
MEEIkOmAE O A H L, Hey. bazedoxifene, 33 X TN 17 Bestradiol Z M X2\ ha—/L% 1
ELTHRMEL TR LT,

5-2-5 J1 A R—BIHMEALORE

Hey 23584 5 7R b= ADRKEMD 12D A3—F 3, 8, 9 DIEFME(LIRIE %S CaspaTag in
situ assay kits Z FHVN TR L7z, MC3T3-El #ifdZ 3 mM @ Hey Z¥RIIL T, E2IXRIIE 712 13
e Es 2 L7-1%, MREHE O 7' 1 b 2 LIZHEV CaspaTags 8 k3R 2 S L C & 512 1 Ry B 4%
B, TO%Y CIREEE 4% T 7NV AT AT E RTHIREZEEL, ¥y MIRNE ST
Hoechst TEZY A L7z, & L CHME A L — W —BAMEE T CaspaTag O HOLEE 2 i L. Imagel soft
ware CHllfa I k3 2 IR m A O LR 2 kD B ANX—BIEHLOFEIE L Lz, FoR
 Hoy M FE Limay bu—k 1 & LCHRHELTH L7,

5-2-6 RHIEIRICBIT D) UNAXR X —BEB IO v ot

MC3T3-El1 #ifaz 100 pM D7 A 2 /L B (£ F T Hey 300 uM, bazedoxifene ¥ KT8 178
estradiol Z ¥, F7ITHME I 14 AEGE L7z, 14 B RICHIIAZ 4% T 74V LT VT
RCHEEL, JLLOX Bk, FoiZhiy by upithad — kg L L TRV, EIEIZHEV, biotin
R R PR & ABC % v b (Vector laboratory, Burlingame, Canada) CHilE L CA ML 7 R 7 E YV
Alexa488 (Thermo Fisher scientific, Waltham, MA, USA) TH 68 kL. DAPL I X W Y LEF AL
7o ISR L — Y —BAMEI CHOE IS & B8 L. Image] soft ware (2 X 0 dEIREE 2 1E Lz, Y
G~ O AR S A FHE L s sREE 2 R L TIE Y (R L 72,
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5-2-7 B BUIEAT

Lox BB T HBLOMENT DO T2 0I12, =M U T/ A 5 PCR #1{T~- 72, 14 HREE;#& L7 MC3T3-E1
AR5 total RNA Z 4 L7z, — A8 cDNA OHHIZ 2 1 g D total RNA ZffH L 72, SYBR green
chemistry (TAKARA BIO, ¥, HA) ZHWT, Kb 7 v b 2 — L [T3[IZE> T Lox, BLW
N AF— V' V5T, hydroxymethylbilane synthase (Hbms) ® mRNA L~ )LZRE LTz, V7T
JL % A A PCR X, Takara TP760 35 L OV TP810 (TAKARABIO) Z W T 25uL ONEARETIuL
® cDNA Z W TITo 72, ZAH{ DNA FR A5 SYBR Green I /X, Lox TlE AmpliTaq Gold™360
Master Mix (TAKARA BIO) @ PCR /N v 7 7 —{Z /)l 2 C,PCR BEEM O E &R H % AHEIC L7z, PCR
ZAEIE. Lox [Z DWW TIE 95°C T 30 FbfH], 95°CC 5 B2 % 55 %A 7 /1, 60°CT 1 537 =—
Vo T MEETToT, 77A4A~—BABLINT T 7 A " A X & LLFICRT,

Lox: 5’-ACGACTGTCCCCAACC TAAG-3’

and 5’-GCCAGACATTCCATGGATTTGAA-3" (250 bp)
Hmbs: 5’ -GAGTCTAGATGGCTCAGATAGCATGC-3’

and 5> -CCTACAGACCAGTTAGCGCACATC-30 (222 bp).

Hbms (FN\TAF—E > FHBIE T & L THIREDHRDOE N EZMHIET D DITHW, [65].

5-2-8 T AKX T b

LOX DX X7 BB BEZTARD 2OV AZ T ay My &4T - 72, MC3T3-E1 #llfid % 10cm
MICHERFE L, FRo X5 1cE#% L, fMianar 7oy Mo, FIEFIZTEML 14 B
LR L 7-, #MZ KA PBS TR LT-Db, mR 7 7 2 —PEAIH 7 T/ (Sigma P0044) ¥ X
O a7 7 —EBHEAD 2 7V (Sigma P8340) % & AT 2 Mla AR EE R (Sigma C2978) H1 Tk
ETCoEERLE L, MlREfm a2 n L, 4°C. 15,000rpm T 15 50 R DB L 7=, ARAfRY)
% 10%SDS-PAGE Z W TEXIKEI L, PVDF [EIZB L7z, vy & 5% U miE7r v v

(BSA) & H 325 TBST T=EIR T 1R ny® 7L, WIZ, 72y b% 1: 1000 THR
L7z Lox PR Z W TERRSNICIEE LN S 4CT—HA v FaX—hLZ, Zhbo7ry b
Z TBST T <P L. =i T 1K, TBSTHOEAF AT XHi~T 2 1gG D 1 : 1000 7
Rk EblcabicA rFaX—h L7, RWTT7ay M 3 [BIYEH L, SuperSignal West Dura
Extended Duration Substrate (Thermo Fisher) % H > T (k%8 1% (enhanced chemi-luminescence
technique)lZ & 0 AL L 7=,

5-2-9 st HIMRAT

il A, ) IR ERRGE (SEM) TR L7, 7 A — 7 OMEIZ DWW TORFHAIREM L.
—IJCBLIE S BT 24T o 724% | Fisher OFIIRFT & /M BERIEE O TREEZIT> 72, TN TOM
RIEBRUEIC BV T, PE<0.05 Z#AHICAE TH D L HIE LT,
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5-4 R

5-4-1 RET AT A VINFHET H MC3T3-E1 Hifdd 7 AR b — &

~ U A MC3T3 E1 Mifd4 Hey Z Ml TR L THERT 2 & W0 12 W[ 2 8 L
7ZEN S, Fig.12 127”7 L 912 apoptotic body & FEIXAL D /NEIZ B S5 iEFe 2 £y, P Yt
THEEOBENHR I, 7R F— v R FA O EZEL66]IC X DIl N Bl s v,
BFEPEE D Hey Z1EH SH 18 BERE#% 0B < PI Ye it DB o A2 & L& 2 5, Hey
DORFERFHNCT A b= ANFHE S Hey 10 mM CTHEICT R b—V ARFHEI N, Ll
1mM LA FOWRED Hey TIET R b— 2 EFEE I N2> 7= (Fig. 13 a, b),
TR b= RSN B Hey Bl 8 BEfEI#4 12 ROS w7 10— 7 CTd 5 APF O at58E T ROS ™
AR AERIE LT & 2 A Hey 1T EKRIFAIC MC3T3-E1 fifnoo ROS Ak EH L Tui=(Fig. 13 ¢,
d), HERTNEXZ L2, 300 pM @ Hey (3AEIC ROS AN LA LIZICb b 6F, TR b—
VAFFE SR o T, BN O ROS AR A4 7~ APF O @O JRTEIL, MnSOD D%t
TRENDI bar RYT7OMEIC—EHL T (Fig.14 a,b),
I b RYTHSRD ROS & Capase9 &ML L TT7 R =3 AL DML TN D
72, 3mM @ Hey i L > CTHEIND T A b —T A0 CIEM L & D Caspase DX
% CaspaTag & ik &2 H W THERR L 7=, Fig. 15 1Z/~x79 &L 912, Caspase-9, Caspase-8, Caspase-
3 OV H Hey 3mM OEFIIZ LY HREICEH L Tz,

20 pm

Fig.12 Detection of homocysteine (Hcy)-induced apoptosis by timelapse recording.

A living cell is shown after 10 mM Hcy treatment for 16 h (a). Apoptotic bodies were appeared on cytoplasmic
membrane after 10 min from a (b), and cell death with nuclear and cytoplasmic condensation was observed
after 20 min from b (¢). The apoptotic cells with nuclei condensation were stained by propidium iodide (d), and
the image was merged with phase contrast (e)
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Control Hey 10 mM

Fig. 13 Effects of homocysteine (Hcy) on apoptosis and reactive oxygen species production in MC3T3-E1 cells.

a, b Hcy or vehicle was added for 18 h after the cells reached subconfluence. Apoptosis was evaluated by
propidium iodide staining. Representative pictures of three different experiments are shown (a). The scale bar is
100 ym. The average value of fluorescently stained cells was evaluated (b). Results are expressed as the mean +
SEM fold increase over control values (n = 20). ***P < 0.001 versus control. ¢, d Hcy or vehicle was added for
5 h after the cells reached subconfluence. Intracellular reactive oxygen species (ROS) production was evaluated
by aminophenyl fluorescein Effects of homocysteine (Hcy) on apoptosis and reactive oxygen staining.
Representative pictures of three different experiments are shown (c). The scale bar is 100 Im. The average value
of intracellular fluorescently stained area was used to evaluate the generation of ROS (d). Results are expressed
as the mean + SEM fold increase over control values (n = 6). ***P <(0.001 versus control.
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Fig. 14 Images of mitochondria in osteoblastic g
MC3T3-El cells

(a) The image of 3 mM of Hcy induced ROS
generation detected by APF. (b) The image of a
immunostaining of mitochondria by using anti
MnSOD antibody.

Caspase 9 Caspase 8  Caspase 3

2.5 7 kK
Fig. 15 Effects of homocysteine (Hcy) on caspase
activations in MC3T3-E1 cells. 2 1 *
) ¥k
Vehicle or 3 mM Hcy was added for 13 h after the § 1.5 1
cells reached subconfluence. The activities of g
caspases-9, 8, and 3 were evaluated by using % 1 L — T
CaspaTag in situ assay kits. Results are expressed as =
the mean + SEM fold increase over control values 5
(n=10). *P <0.05; **P < 0.01 versus without Hey.
0
Hey3mM — + -+ - +

54-2 7R h—3 A L ROS ARkiZxf 3 % Bazedoxifen O 1EH

Hey 3 mM (2 X W MC3T3-E1 MifigiciFE S5 7 AR h—3 X2k L T bazedoxifen 33 LV 17 8
estradiol # (7 S THE LG AICIE, 7R b=V 2A0FEE T2 2 L 2Vr S 7z (Fig. 16),
F7- 3 mM @ Hey TiFE S5 ROS £k D _EH % bazedoxifen 35 L O 17 8 estradiol 134 & (ZH]
il L7= (Fig. 17),
Z @ ROS AmHEAIL, 7R b= A EFHE L 72V RE D Hey 300 pM 12X 5 ROS @ B¢
AR E L7 (Fig. 18),

5-4-2 RHIE:HE TD Lox FHLUIXIT 2 Hey DOEM

RIZROS DA AN T L8 T R b= A %2358 L7ew Hey 300uM Z i LT 14 HRElO &
B R ATV, 27 =7V ORFFENEGZH 5 LOX O%ELE | FEREEZEE G2 5| it 27
PELEEY) AGE O— D2 Th DXy b VU ORB L RERAICIVRE Lz, £ORE. 300 uM
D Hey DT Lox D% /X7 LULOFEBNE T L. bazedoxife Z 7 S THET S Z & T,
Lox DB AIE L7-(Fig.18 a,b), X kv ¥ DEMIT Hey DRI THIM L. bazedoxifene
HAF TR T L7=(Fig. 19), Hey (255 Lox ORBUK FIL, v RZ T vT 4 7 X 5T
Y o> THHEND 51(Fig. 18 ¢). EEI Y 742 A A PCRIZE T mRNA LT b JEH A 1]
INTWVWD Z EDfER I N (Fig 18 d), \WI 1L H bazedoxifen 35 1 TN 17 B estradiol D H:AFE TIHREL
RT2EIE Lz,
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a Apoptosis

Fold increase

Control Hey 3 mM Hey 3 mM Hcy 3 mM
E2 10 nM BAZ 10 nM

c ROS

k% |

2
8
5
&
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o
&9
Hey(mM) - 3 3 3 3 3
E2@oM) - - 1 10 - -
BAZ(@M) - - - - 1 10

Fig. 16 Effects of bazedoxifene (BAZ) on homocysteine (Hcy)- induced apoptosis and reactive oxygen species

production in MC3T3-El cells.

a Hcy or vehicle with BAZ or 17b estradiol (E2) was added forl8 h after the cells reached subconfluence. Apoptosis
was evaluated by propidium iodide staining analysis. The average value of fluorescently stained cells was evaluated.
Results are expressed as the mean + SEM fold increase over control values (n = 12). *P < 0.05; **P < 0.01; ***P <
0.001. b, ¢ Hey or vehicle with BAZ or E2 was added for 5 h after the cells reached confluence. Intracellular reactive
oxygen species (ROS) production was evaluated by aminophenyl fluorescein staining. Representative pictures of
three different experiments are shown (b). The scale bar is 100 Im. The average value of intracellular fluorescently
stained area was used to evaluate the generation of ROS (c). Results are expressed as the mean + SEM fold increase

over control values (n = 6). ***P < 0.001
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Control Hey 300 WM Hey 300 uM Hey 300 uM
E2 10 nM BAZ 10 nM

b ROS

* ok ok
& & &

Fold increase
(98]

1 1

0
Hey (uM) - 300 300 300 300 300
E2 (nM) - - 1 10 - -
BAZ (nM) - - . - 1 10

Fig. 17 Effects of bazedoxifene (BZA) on homocysteine (Hcy)-induced reactive oxygen species
(ROS) production in MC3T3-E1 cells.

Vehicle, Hey, or Hey with 17b estradiol (E2) or BZA was added for 5 h after the cells reached
subconfluence. Intracellular ROS production was evaluated by aminophenyl fluorescein (APF)
staining. Representative pictures of three different experiments are shown (a). The scale bar is 100
pm. The average value of intracellular fluorescently stained area was used to evaluate the generation
of ROS (b). Results are expressed as the mean + SEM fold increase over control values (n = 6). **P <
0.01; ***P <0.001
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Lox
DAPI
Merge
Control ~ Hcy 300 pM Hcy 300 uM Hey 300 uM
+BAZ 1 nM +BAZ 10 nM
b Lox d Lox mRNA
. %ok ok | ,ﬂl .
1.2 = 1.2 * |
T | [ © T | |
8 1 'T ,/7 g 1
S .8 7 / S 8
s .6 g
= 4 S
£ 2 % / 2
Hey (uM) - 300 300 300 300 Hey (uM) - 300 300 300 300 300
BAZ (nM 0.1 1 10 E2 (nM) - - 1 10 - -
@ -0 BAZ@M)- - - - 1 10
C

Lox '--------d N

Hey (uM) - 30 300 3000 300 300 300 300 - -
E2 (nM) - - - - 1 10 - - 10 -
BAZ@M) - - - - - - 1 10 - 10

Fig. 18 Effects of bazedoxifene (BZA) on homocysteine (Hcy)-induced suppression of lysyl oxidase (Lox)
expression in MC3T3-E1 cells.

Vehicle, Hey, or Hey with 17 5 estradiol (E2) or BZA was added for 14 days after the cells reached confluence.
a, b Immunostaining analysis using anti-Lox antibody. a Representative pictures of three different experiments are
shown. The scale bar is 20 ym. b The average fluorescence intensities were measured and compared under various
conditions. The detected fluorescence intensities were normalized by cell number. Results are expressed as the
mean + SEM fold increase over control values (n = 8). *P < 0.05; ***P < 0.001. ¢ Western blot analysis.
a Real-time PCR. Results are expressed as the mean + SEM fold increase over control values (n = 6). *P < 0.05;
**P < 0.01;%%*P <0.001.
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Pentosidine
DAPI
Merge
Control Hcy 300 pM Hcy 300 uM Hcy 300 uM
BAZ 10 nM BAZ 100 nM
b Pentosidine
1.6 1 *k |
1.4 1 |
o 127
§ 11—
g 81
E 6 1
4
2
0
Hey (M) -
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Fig. 19 Effects of homocysteine (Hcy) and bazedoxifene (BZA) on accumulation of pentosidine.

Vehicle, Hey, or Hcy with BZA was added for 14 days after the cells reached confluence. Immunostaining
analysis using anti-pentosidine antibody was used to evaluate pentosidine accumulation. Representative
pictures of three different experiments are shown (a). The scale bar is 100 ym. The average fluorescence
intensities were measured and compared under various conditions (b). The detected fluorescence intensities

were normalized by cell number. Results are expressed as the mean + SEM fold increase over control values

(n=28). **P <0.01

_28_



5-5 EE

5-5-1 ‘B MILDT R h— R

INETHE ST, Hey NEHFHOT R b—Y A &2FET 52 L AR LR, DA
H= XL ONTE LI D> Ty, Park S[761IXLLRTIZ. & MEREMILEL TdH 5 U208,
BLOt MEFEEFMIIE TH S HNOst 2 W\ C Hey SHERFICT AN b— R E2FHET H 2
EEIR LTz, D OHFETIE, 2.56mM L EDRET Hey DT R F—Y AFFEPBLEINTEY
A EOMEE L T\, 512 Park HIEEEE O Hey 78 caspase-3 Z kML L TT R
b= A &8 GRFRIZE IS/ NA A b LA (endoplasmic reticulum (ER) stress) 595
Z LR Uiz, Hey 1B IFAIIER & & Tokk 2 22 B MR CTIIEA P L A Z I INEE D5 2 L35
nNTW5, AEIOFZETH MC3T3-E1 Ml T Hey 2N EEEFHICT R b —y 223 &+ L
R LTz, S DIZEIRE D Hey 13 caspase- 3 & [FIFFIC caspase 9 # G L L 72, caspase-9 %3
Fay R 7TREEEICHNRT S ROSICEYF F 7 o—24 ¢ OFMBE~DORHIC &Y %647 L TiEME(L
ENDHHANR—ETHY Hey ICXVFEINDT A= AOWEIZI bar RY TEENES
THZEERLTWD, ZNEEMT D X HI24E ROS O HIZH 72 APF O i Tl
b KU T OEAMIC—E L CTHROEEDER SN (Fig. 14), L2rL., AFEIFEIFFIC caspase-8
HBIEMHAL STV D Z & MR S 7z, caspase-8 | Fas Z A K< TNF o ZZ & K72 £ death receptor
OFMTIESE LS, TR M=V RAZEL T FLELTHMLERTWS[T7],

5-5-2 = 7 — AR L BE

TETFUAOERBIZ LR, IH Hey Lo ERITEEE & I3 BEBEIMR I MERIEME o
UAZOEMEBELTWD Z LRSI NTEY  BHFMEOT R = 2B TOEEEOHA I
MZ T Hey NVEEICHELE LT T REMENH D Z L 2R LT 5[67,68], Saito & [7811FLLHT
2, BREFEEDORABE AT A VIENERIKFMED 2 7 — 7 VARG B S, &P LEY
AGE O—2ThoHr XU b VUL DR T — 7 VEBOEAB L OERHAHEmT 52 &
RLT, ZTOZ E1E Hey WEFMIBHEICADOEE L 5 2 | EBROEBEZHENIE-Z L 25
2L TW\W5, BEREN &2, KEE O 300 uM @ Hey & MC3T3-E1 fifd ROS FEA X L
TN, TR =V AEFE Lo 72, £ LT 300uM @ Hey 132 T —47 > OREFELEME % 5 Lox
BN OFBEME LT, & OICHEBRNEBEZIEL XY b YU ofilafl~ b v 7 2A~DE
FEaMEl Lz, SO0 EEZKRET S L, Hey 1 ER A b L RIZ XY B IEHIEOBEREZ M L.
FFRFICERIL A b LRI X0 IEEHER AGE 2B 2 NS 2 ENRBR SN, ZhbiIdEATY
AT A CMFENBE DB G T2 & ) BRIRAGEILZ SR 5,
SERM T& % raloxifene 23 HTER{L/EH 24 L, H2O2 DIRNIC L 0 B 5 FEMaIciFE s s 7R
M= RZHT 5 Z ERMEINTWD[79], LxL7en S bazedoxifene (B L TIXZET
in vitro D'EIHFMIAOT R b — 2T HERMITHRE STV, SEIONZE T, EERMN T 2
k& %7 17 B estradiol & bazedoxifene |Z MC3T3-E1 #ifid T Hey (2 X W #FE X5 ROS FEA &
TR P = R EGREITIHEI L7z, 2 T bazedoxifene (% Hey (2 L 0 8l & 417z Lox OFHL &~
MU DERBOEMZEE I YL Z &Rz, LIed> T, ZO#HEIT bazedoxifene 75 Hey
MEIEEZTEEA N L ADOFEIFMIOAE T EHEIC T 2AEREEBICHT HARBRIREL R
TRIOIODZET VA& RTHEDTH D,
raloxifene X> bazedoxifene 72 &' SERMs (I PR B HERE B ORI AR cLIiX LIz
S5, ZHE TOFZE Tl raloxifene IZFERF TRWEEFICH LTIV | BERFEEICSTLTO
TR, ELENEVI EXDEWIENRELND Z EDRSNTNH[80], FHREER AGE 226G D
HENIRE PRI (B L 72 O fag5 P o Hb A 229 e & o £ (81, 82], AGE D#EFEILZ DA i
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FRICALHIBRBE D FENMNETH L2, BILA P L AL THREND Z ENMbLNA TS
[837], =51, BEA b L RIIHERIFICEBNTHINT 2 Z ENmbTn5H729, reloxifene DL
[ ACT A= —% CHERIBBRE B AR T ORAEROW D IR THEMMEETRAT S 0 LA
bivd, ARIOTE TH 4 1%, bazedoxifene X, = 7 — 7 V2GR L OVE ﬁﬁ‘fﬂﬂ’ﬂ@éf%ﬂﬁ%‘ﬁ‘é
LI Lo T B EIEER L OB EOUGELZ R L, BRI, BERISICEE T 55 OMEgs I3 LT,
bazedoxifene |Z L DIREN AR THVHELZ L a2 R LIz, ZOMHZWMRIZT H7-DI2IEE HIZKH
B RN N L 72 5,

AWFFEIX, Hey B2 b P OMIBAERBEZ NI E L 2 L 2R T RIIOBETHLH, b
DHIL, @AET AT A VMAEDNEIFMIBOMEEZ HRV, BOEAZE TS, BEEICERFL
RWVEHLEYOEDY AV ZEDDHIEEREBELTWND, I DIT, ABFZEIE, bazedox1fene i
MC3T3-E1 fifad7 R b —v A5 a T —47 48 ﬁ i?fky@ﬁiﬁ%@%&§bx
bazedoxifene 7% Hey #%E 14O F MM EERS L OVEE OB EICA R IREATH L2 L
77 L7 o T, BARTY AT A VMR X O A l\ LA %ﬁ'ﬁ“é%%ﬁijﬁo’ﬁé bazedoxifene
X 2RI, BEEOHEMEIIMI L THETH Y H D,

5-5-3 = A hr s SERMs OHif{bfEH

k Z AT, =R hr%» X raloxifene, bazedoxifene O HIEALIEA DIEARIZ L < Dhro T

o BRILA B L AT < OMLATRIRIEAI B S LT, £722 ROS DAL LTEI b

ay RY TEARESR EMIEBE TIEINOXs BETOND, ZTNEEETDHHEDE L TA—/R—FF
v RY A LK —+F super oxide dismutase (SOD), 7 V4% T4 (GSH) /2 End 5,
R CTIRARZLANIE RO L IICI Far RUTTO O HEICEH < MnSOD O¥$H & #50 L ¢
B ER ZRET 52 MR T 572912, MC3T3-E1 M 17 B estradiol F 72 1%
bazedoxifene Z{EH S 7273, MnSOD OFRBUZZEA T2 < Hey ZHMTIEH S E 725604,
REMIZ EH LW (F—ZI3RET), D7D, bazedoxifene DHLFRILIEH D A B = X L2
ONWTEHRLIPENBETH T,
B 8 N A COMFFE A D TR D & LURTA O I NI BV TIZER A L AD T
it C caspase-8 23EMAL X3 T, cytochrome ¢ Dt caspase-9 DIEMELNEZ Y TR h— &
NFEEINDZ ERHREINTNEBS], LT, Heylil > TT AL BT X —Tdh D Fas N3
L caspase-8 EMEL S5 & DG S ST -[84, 85], L TER A ML RISEL Ty ¥
Nu X7 O GRPTIS X0, TR h—Y RFHE X o7 CHOP 23388 L, NOX4 ° NOX2 733§
BLROSH EFT5Z LRI T&72[86]l, # L TiiE.Hey TH ER X F L 2|2 X Y GRP78,
CHOP 2" HL EH L, NOX4 3 ha RUTIRETHRILTI b= U THKD ROS A LA L
TT R F—= 2R EpND 2 L pvdE s ni-[87],
NSO ME N TOREERIZ. SEOFK 2 OF L TO caspase-8 & caspase-9 23 [FIRFIZTE
MbENTREREZZFFT D, £72. ROS OFAFRNI har KU 7IZ—EH L TWT, estrogen K&
" bazedoxifene 78 Z &K T IH7228, {EAAIEX MnSOD IZ X D HETITed o722 L 2FHiAT
5o MO THEMETH D MLO-Y4 #iin Tlx Nox1, Nox2 O3 HN EFH L ROS A EH LTz
[88]Z &b ER X b L RICHRT Db LB, £ LT, KB ML &EMEE CRMT22&T
2% ER A MLACLDHIfEEZ =R F a7 o3 iifild 25 2 L BEHE SN TV 589, Fir Tk
T A MBS UEA NV RARERER T TH D Nef-2 ORBLZ FRSE 5 Z EamE S Tn 5901,
MC3T3-E1 #ifjd® Hey (2L D7 R =Y AN ER A MLV AIZEDZMEI ), Flmm A bua X,
bazedoxifene DIEH S OMEFRIZSHDOETH 5,
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5-6 /\¥E

WIRIHEDFEIEA R L ARKE E L THEH SN TWDARE VAT A ZOWT, BIFMEOMARIEZ 7% L.
AT =7 UG R TR T DR ORBBE AT S HEH A EIZ in vitro A A=Y U 7T K-> TH B )
LT, ETEARETVATA VBMEA N VA TEMAIMEE SIS AGE ZBIEZHINEHE 5 Z & % in vitro TH)
TR LT, ROSZALDHREVATA L OMIBNOIERA, £ X ha sy, SERMs OYEH SO
IT5HOBETH 5,

_31_



e ~ T
6

MERN KM TDO—ERILER NO DAEFNARIL

6-1 [FU®IC

ZOFETIE, MENEMIEO NO FEA Z LBREMW) O 4 & 72 i T in vivo THHE LEHE 5 55
IZOWTIER%, NO IZMEM O 7P MeEa ) BE/AR 7 ) —F P Th o | mENEME
TIE eNOS O & TREA: S, I B HEAE 2 #EFF L IMIRAEER O M2 #ERF 2 E CEEREE &2 L
TV, FBLHETHIR LIEFRET AT A U, B{EA LR E L TIENEZMIZIZIER LT eNOS
Ofy & Z P L NO EEAZ T SH 5 2 &8, BRI LCERIEZ OMOEF 25 3K &
EZHITWD,

M8 N AR B FEA SNV D NO [T i 5 2 sl S8 T & JE5R 1@ < 1E2, mENFETI,
/R D EEEESCAR ML ER D EEEE Z M9~ 5, Z D72 NO O FEAME T IL M DU D 272 597, MLEk
DL/ I8 C O MAT B 72 E ORI 120 e @hae & BE S 2, & BEEE 1T KRENIR O K 2> 5 /0
D L)L T Ry 77—l SR RE OB SIS E % magnetic resonance imaging (MRI)
A7 ERAMER OHEAIC LD FEICTR SN D X Do 2y, M/, B L~ Tl
B N2 5, & 2 /B O AR E C, M AR STV DRSS
HOVERZ, NO FEAZEIEICL TIMERNE TA A=V 712> TiMiT 5 Z & 2Rk AT, Zh
FCAX T E > THERE L TV A IME T NO EEA AR RAL L, A O ER 2 55 L 72 /il
MFREPE LR RS- 570,

6-1-1 HIY

M N RERE & SRR & OBhEIZIEH L, 24 E T in vitro THEEMIEZ W3 % <17
PITEIZA, invivo TOMGEHIIZE A EITHDI TR,
% ZCAWZETIL, in vivo O IME TILE WML D NO PEA % riti b LEEN 3 2 HFiE & i3 5
ZExAME L, MREGEEAN M O TWHIE G TH DR E AL OERICBE L TRET L7,

6-1-2 il & 1%

BT CIT MR ER 23 X v, MFEAMER L7 RRE 28 & 9 o i fn O FEAL & Bk LS 1335

HDEWRTHD, WREZONEGNPHITHAL I T RWA, 1. 25 HICmiEniEsd, 2. 3
RSB D A 70 5T B MR S & e, 3. RMERBIKOETERESCEE, 4. BhIREE(L LR EE,
5 oI, EEETTHE, HRAEE, REOREZEATNS EEZ LN TS, EH TIIHMIZH LT
FEAZTRES Fu7e & OB M AIAS LT S dv, JE 52 BORRBRIIAL 512 & o TG PRI 72 i 37 i 3500 S A3 e
NTWBER, ZTOERAA D =X LTI Do TV,
FRLOFS MR AE DO P AT M AENEEREN RS B L TWa b o L Bbins, HikiE i, mE
BPRIZAILTWDIZ S b b T RIMER @b T . MER S OA LR DGERHL LN, Ty b
IEREO M 2B L TV A RRIC, B2 L 9 2 RENBIE S /= (Fig. 20), ARIMERF LA % 0 £ F

D, W5 EE LN LI TWDIREE T, B L 72 ER & i NEE & O RIHESh Koy O RIBR 23
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B E TN, E AR5y T < g o 7 R O i 3 ~ MER AN SiE AL 7, D H A G TV,
BWMETNVELEZOND ZOIRED T v MIEERF 2R OKRE LcL 24, 60 o&%IZIdim
ek L,

Fig. 20 Live imaging of rat mesenteric arterioles before (a) and 60 min after (b) the
administration of Keishibukuryogan. Representative images are shown. Prior to
Keishibukuryogan administration, erythrocyte congestion and cell-free plasma layer (plasma
pocket) as indicators of Oketsu status (shown by arrows) were observed. At 60 min after
administration, these Oketsu symptoms were resolved.

6-1-3 AR TD NO A A — 0 7 DIATHGEH

NO X% N B2 Tld endothelial nitric oxide synthase (eNOS)IZ LV, T AX =0 2HE L LT
O2 DfF{E FC NADPH Mo E it G2 T ARSI D, ZHIVE TITARIFERE LT » MERIBEOHM
PR T, NO D7 1 —7 T % Diaminofluorescein-2 (DAF-2) % M.E N MALIZE D IAEH 5
Z LT AEX TV AMENRO MAE N CEFEINCEASA D NO Z e[k Z LIl LT
W5 (Fig.21),

Fig. 21 The fluorescence image of NO generation in the
blood vessels by DAF-2 in rat mesenterium.
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6-1-4 —{LEFZE NO milE v —7

NO O#HIZHVZ DAF-2DA X7 v F V% 2 R D, IRAEMEICE A CHIRIE 2 %6 L7
W, AP Y A E 72 DAF2-DA ITMAN D= 25 5 —PI2 L > TT B F VLRG0 B Sk
WD DAF-2 & 72> THIBNIC®E £ 5, DAF-2 [ ZEE A, MIN TEA SN 7- NO & HRA
RO L, #e%EHT 2% DAF-2 T & 72 % (Fig. 22), ZAUEBIE YL E 495nm, @6 K 515nm T
MH I8 NER L, TOMEIZLY NO EAZBRE T 5[91], @7 1T in vitro DEEEIKR I
I Z LA ER W A E R 528, in vivo EERNOIMEIC Z D REZEM T 57-DI121%, L&D
A L CHIMENEMIEICEZESED 2 ERRETH -7, TO=OIMENIEIZ DAF-2
DA Z#EFE LB NI ESEMN S E TRV IAEE I ERN b -T2, SRIXZOFEELEL
T, BFNFE G ORI% Tl EFEER & NO BEEAIC KIETIER 2 ©BANCHE ¢ 2 Tk 2/ Lz,

N-NH
o eatenpel .. DAF2T | 7/
O o /" e B a9som O
10)
DAF-2 : \
AcOOOAc -000
DAF-2 DA 050 'J\J%T// L-Arg
non-fluorescent \/ ‘\/J!D

cell membrane

Fig. 22  DAF-2 OHik &k H L

manufacturer’s instruction (FLEE{LZ2) LV

JlZR L7z DAF-2 ® NO MHOJFELN LoD L 912, S TREND DITZ DR E TITEA
INTZNO DOERBETHY, VT NAEA LIFORSTOREAEZ KT D0 TIE RV, S HIZ
FACILHRIC & B &N 5 MAE WML CTlE DAF-2 T & (NDAF-2 BSffasticiizii L7 )V 7o o2&
L7 DN OWRENEG L, FICR L BEREDZESE LTH NO EADE(LE BT 25 Z LN A
#HCTHoTm, T THREIOERKSILO NO EEICHT A2ERHOBRF Tl nEZHICFH LT, £
7" DAF-2 DA % ({58 W B ARIZHR Y GA £ 8 TR 5-8i10 DAF-2 8 EG 2 TG Lizcob, —H
WD FIREFfo THAOE G 21T, b 5 —ERERIZ DAF-2 DA ZHV A & CTHRAIG% O
HOEER A S L, AR T D LW D HEERS LT,

Z > MEBEIEO ML XML E N 2 BE2 T 5 DT LTV 2D A5, I & FH o Ak A3 8 55 C HILE DI it
AT DEMZRET 513 EVEL TV, 22 TET, vV AR TOMEBLERZ W
THLE RS & MiREI RIS 3 D EERRF IO 28 L. DWW T T v MEREOME T, NO B
AT DB 2 E LT,
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6-2 77k

6-2-1 B} & Bl

C57B/I6 ~ 7 AL Wistar 7 v MIHAATZT AT L — (IEA., BA) DOEEALT,
NG-Monomethyl-L-arginine acetate (L-NMMA) (X R {-{bZF7eir (BEIRE. BAR) 5,
diaminofluorescein-2 diacetate (DAF-2 DA) X fi# {5 (FLiR. B A) 7 5. urethane X
Sigma-Aldrich Japan CGRR. HA)MDLZNZIEA L, HES L —F—BMEIIC X 2821
LSM 700, Carl Zeiss (Oberkochen, Germany) %z FV 7=, RS = A BRIIZY 27 (GRR.
BA) OEBICL VI, RS2\ (1 BHAET5g) IZ1X, TNEN3gD7
{1, 77Vay, ¥ 7%/, RFUE, MU=V bOREGMEMNEEN TS, In vivo
A A=V 7 ERIT MBEZBEEOEBOG & TEMIEROBEER IS T2 TA RT7 4] (A
AT 2006 456 H 1 BHlE) ISR L TiThhi,

6-2-2 ~ U AR FMEDMBET A T4 A=V

8 W n N C57B/6 ~ 7 A &2 EBRICH W= (n=3), 7 L # > urethane % & N5 (1.5 g/kg i.s.)
UCHI L, IER#HRE0IEEHLZEZYIE L, EZEIT R0 L DI Tk Z RIEEL CREE
T AWRD BIZIRIS Tz, ke =V F U R CRm A B, FRa VTS, LRSS ALIE 100 mg/mL
DIRETHIEE L, BRICHELZOLIC, BREBENICENICHEBE LT 2—7I12L 0, MEET
TA A=V 7THO~ 7 A2 300 mgkg D ETHEG Lo, RSB G-I & & 51 30 45 2 &
(2 180 4314 £ T, B FHRRIME O MEENRED U 7V % A LAEIEfRE 21T > 72, soék L7ZEEMN D,
A NAR & M #H FE % Imged ver. 1.45s image analysis software (NIH, USA) % VW CEHII L 7=,
AMELIR (M NEE 10 pm ~ 20 pm) KOV, BMME (< 10 pm) 2BV T, IR LG4, 0, 30,
60, 90, 120, 180 73 DAL ARt L7z, MW 3 RIZIBWT3EEHIIL, 3ED~ T XA TH
B2 MesE U7, My I, RiERO BB EERE S BB L2kH (1 7 1—2A 1/30 B
XBENZE L7 L —2 ) DB Lz, 184 > b4 R LHE L TE O %2 OREH,
ZDORA Y FTORIEME Liz, £/, A A=V U TR EITER R~ A2 HWT, FkkICY L
Z R N CRER RS LB 512 X D s o 2 b &2 JE Lz,

6-2-3 7 v MERELE CoMmEE s NOELED T A TA A=V 7

FEERIZIE 9 B O MENE Wistar 7 v F &2 AW (BFEBRFEn=3), AL VMHEIET-T v MZ
LA DTS (1.5 glkgis.) THERZ i L, % HIEH%, BERAAZ AW TIEREZK 2 cm
DOFE S CEIMANCEIR L, FiE%Z 7~8cm O I THRAMIFIEH L, BREEZ T Z A7 1L — K E
WIS, b e =0 7 U ERECE W Z WS, BB CEIZE T 2 IR Lo E O LR O
BIEEIRIC D T — T L&A L, BN OIMEPNIC DAF-2 DA J§ 2 i % 0% & Ml L7z,
Fig. 25 a, ¢ {Z/R9 &L 9 ICBHEEO &I AT 2 M8 o EFiE, . KA mICBessn %
FNENDT v b THRO T, RSO NO EAICHT AERZMETT 572D, RO 3HODHE
BREEIC 0T CHEBRAZIT/0 > 72, DAF-2DA ZLE T 5D H D ha—/Lif, DAF-2 DA L &
FIRZE AL OB G- 24T 9 FEAL R SUEE, # L C DAF-2 DA & L-NMMA % 4L.&4 % L-NMMA B T
Do FERRZEAHETIZ, HO0UOREEMICHENICHEELZ T —7 v Z# M LT 100 mg/mL
DO ETHFE LT AR LA 300 mg/kg D& THE G L7z, L' NMMA B Tix, L-NMMA %
RN ST 57-DI2H b UDRREIRICY =2 L — 3 o LT GRIK A LT,
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NO HIE X Fig.23 (2T X 212 kD & 51247 - 72, £ T I ik Eh#e & B B BRI CE M iR L 7244,
MelR L 7= /R0 & 0 BRI O PNIEIZ 50uM (ZFH%E 7= DAF-2 DA &% 3 IR L. mE MWK
HEREIZ DAF-2 ZHU 0 A £ 7=, WK THRE OIS E S L — — B8 C 488nm O 7 LT L —
P THEN L, 492nm Ov T RRAT 4 2 —EHNT 1 HO®EEEZRE L, 0O
%I E NEARN O 8 YENTERT 5 F T 30 wKELZOL, HONLOHENICHE LT 22—
T X0 RS A OBEK 2 &S L. 30 4712 DAF-2 DA @ 2 [0 A o4 1 [EH & [FCFIET
33 EATV, B HIZ 2 [ H OHOGE g 2 BUG U7, Bt (2 iy oo B4 B h il 2 R 52 L 72,

KL LT, 1[0 H @ DAF-2 DA #EiZ (M 587 60 31412 2 Bl H @ DAF-2 DA #ii #1772 -
Fmay ho— Rl BEREERORDVICT A= OFERTHY eNOSDT v Z A= | &
LTER L CIESZLET 2 LLNMMA # & 53 580 3 BTl L7z, L-NMMA O# 51X 2 [A]
H > DAF-2 DA Vi D 5 AN ILE NIC 25mglkg 2255 L. & 512 DAF-2DA O REIKIC
2.5mg/mL OPEETMZ T 3 MOERFIEH ST, FHESIEDT v b D 6 ~ 9B CH&EL
T g T A MAEEI AN O H R E % Imaged software & FVCTEHAI L 7=,
ZAuz kv, 11EH & 2[FIHO DAF-2 O 4 g U C, BEERZS L& 5 OFi: O NO FEA
AT LT,

Experimental Procedure

surgical DAF-2 DA Keishibukuryogan DAF-2 DA
operation (25 LSRG, oral administration (27 loading)
i i ¥ i >
anestesia "A "A A A
shooting movie  |CLSM imaging| | CLSM imaging| shooting movie
waite for

photobleachin

Fluorescent iintensity «—»Fluorescent intensity
(Before) Comparison  (After) |

Blood flow (Before) < Comparison > Blood flow (After)
i

Fig. 23  Experimental procedure

6-2-4  HEEHAIMEAT
WEFHEAIMENT 13 Prism 6 for Mac OS X (Graphpad Software Inc., La Jolla, Ca, USA) % >, —
TCALE T % Holm-Sidak EIC L W ZEBEE 1T/ - 7=,
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6-3 #ER

6-3-1 ~ U AT MLE TOREERE O M EYLRER & iRk Z1E

NO HIEIZHENL - T, FERRZE O MAETLIRIER & MiRcEERIC W T, 7 v BRI i
Iy mEREMFEEOE(LEZHE LT W~ AE THBEEANTTIA T A A=V THEE
ICE VR LTz, T ORFFERRIEROROEG%. £ 60 55% v — 7 IZHIBIRICK T 2 ERD
PEK & MR BRI HEGR S iz, — B TlX, mEROEITRD -T2, 851 60 4%
E— 7 |\ E OB s - (Fig. 24),

150 —

75 T T T T T T T T T T T T
0 30 60 90 120 150 180 0 30 60 90 120 150 180

(min) (min)
il Arterioles -l Arterioles
-@- Capillaries -@- Capillaries
(a) (b)

Fig. 24 Changes in vasodiameter (a) and blood flow velocity (b) of mice subcutaneous arterioles (l) and
capillaries (@) before and after administration of Keishibukuryogan. Both (a) and (b) are expressed as a

percentage, with preadministration expressed as 100 % *P < 0.05.

6-3-2 7 v MG COREMIRZE IO NO EAMEEH

ft % Fig. 25 1277, 1 [EH O DAF-2 @Ot ERIZ 30V T HMBENR CHot2 580 b, EHFAIIZ
A& N AR 2 HPEAE LTV D NO DAl b & vz, BB & I AT 2 Ltz im v
IR T X 0 BRVESE A BLER S AL, BEEIR S LB G-I, F B AU C I A PN R 0D L S R 3 HY
Ml7e, —FH, 2 b —ABETIX 1 EIHE 2[EHOENEEICITE A EEWDR S, L-NMMA
B HRETITE G AN E# O 2 8 B OHEME T LT, 1B H OHERE % 100 & LCH
SHE L= 2 Bl H OB L, 2> hr— BT 101.0+2.4 %, KSR TIE 157.7+
10.9 % & AEIC EH(p < 0.01)., L-NMMA B TlE 74.2+3.6 % AEICIET (p < 0.05 LTz
(Fig. 26),
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6-4 EE - II\fE

~ U AR M TR K G L 5 ME LR & Mk & O MR S 7z, BlIgiE o i+
BEEZH—FTHZLIEITERPOTEN, FH5EY T ADMABIZRE R EALR A LR noTe 2 & h
b (F—ZIImRER), BEESEILTAON-ME OYLE L MK BEEA L., W& omiEcX b
LD EBZ LT,

7 v MG T DAF- 2 DA ITMENRD & BMMAE . FlR~ & 7 < B S 17223, DAF-2 Ot
FNBIE I N7 O, BIRO M N R CHEE 72 - 72, FRIR Tl 7Ze < BIIR THIC NO M FEA S,
MFRDHEFRFIZENTOND Z L EZR L TWD H O & Bz, 15 I #8552 VO H g
AR WEIR CEFAICTROVE R Z T LTV, 2O —)E OIS —EE Y BV i
PUMEICH =L THY . =T A L ZAOYEHITE A NO FEAEZEET 5 Z & 2% in vitro @
e ToHMm->TEV[92], ZnE XM LT-BEM-REE X DN,

Site Before

—~
ot
~—

—_
3%
~—

Fig. 25 Imaging of the mesenteric arterioles
before and 60 min after the administration of
Keishibukuryogan in rats.

Representative images are shown. (a) indicates
the sites of the mesentery used for imaging and
(b) shows the DAF-2 fluorescence images of the
corresponding sites. The images of (a) (1)-(3)
and (b) (1)-(3) correspond to the same site.
Increases in NO levels were observed in all sites
following  Keishibukuryogan  administration,
particularly in endothelial cells. (c) is a macro
image of a rat mesenterium.
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** **

200 4 ‘ ’

150 —

£ 100 Fig. 26 Changes in NO levels following the
administration of Keishibukuryogan.

50 —
DAF-2 Fluorescence intensity was significantly
decreased in the L-NMMA group. *P < 0.05, **P < 0.01.

Control Keishibukuryogan L-NMMA

A& N 2 fE Ik O DAF-2 O Y653 L-NMMA 8T 1B HIZHR 2B HO®EXBRENFEIZEKT L
Z &%, DAF-2 OEENRT VX =0 2 BT L7 eNOS 1T K D NO FEAZ KL T D Z & &R
LCW5, BERREE B CHEENAEIC A LTV Z &b BERES AL OB 523 L N
A NO EEAZRET 5 Z LRI,

NO X, &N EHAEH kO & stfzR - CToh v | MgdEER OFENIZ BV TR T HE 272 AR B ME
WEE BRI TNA[98], ML NO BNEHEICE G532 & TREND D, FHICAEKNTIO
BEfR & ST AFZE 13T & A E 794, 95, 96], Hirayama A Hix 2 E T, BRBfAO—>TH
Lkt BERI A NO R 2 NS, B FTNO-A—R—FF T K (02) NI RAE2EBsE
HZEEHRELTNS[97], Ng 6O—@#HOMIETIiL, MENIR/ I Tt o M iE NIzE T ER Dt &
MAEEE & ORNITIER S D FERF 72 EAIE (cell-free layer) DHEZY, JFATD NO- A —/8—F4 %
¥ RNTG U ADRE o5 L BEBRICBRT 5 Z LR LT 572[98,99], T b DAL,
i & NO LN ROS OFEF/2BfR A RE L TN D, & 2 AT, FERREHLITEE S DR 22 BK
WA T D, FELRFUBMDNE L NO & OBILRAY in vitro THE SN TEY . JLJFE O IME N L
RADIIEVES A ST A KT D R A ARSI EE T 5 Z L AR EN TV SH[100], Bk A
ML AL ORI TIX, 2,2-azo-bis (2-amidinopropane) dihydrochloride (AAPH) (ZJ& -~ T#FE
SN D ARMERIEDREE MR LI R 2MEER & = e 7y R U U AIC K DM SE D
MHER s ST 5[101,102], S HIT, AR ILORDIZONWTIE, FA BICEEND T
A4 7 /LT b R ;cinnamic aldehyde, ¥ ¥ 7 ¥ 772G N5 ~4 =71 ; paeoniflorin, v
=VICEEND T X VXY 5 amygdalin TR A M5 Z E3H5TE Y [103,
104,105], 7 A e 7T & R~k =4 U 0L NO IZBIH# L 72K IC L A PIRIEMER 2~ 3 2 &3
Wit ST 5[104, 106, 107, 108,109, T 6 OFERN S | R AL OHUMAEM X NO &
ROS IZEFICEAE L CWD Z EMHRCRIBR I Nz, L, ZNH0®EDIFE A LI in vitro
TOMRBRETH Y | invivo TOREFITIF E A L [110],

B0 T MGEEHBIRD A A — 2 > Z AR FER IR 2 AL 512 K 2 Mk i O e % DAF-2
HIEDOWINZ L - TR$ 2 LTk Lz, DAF-2 (350 NO B2 [82] 2 F L. L-NMMA D L&
DNHEIRE 2 b 72 2 S FERIRZS O P MAEA 2 NO FEEAICB#E L2 A h = X A2 &
56D ThDAREMEAZ I S0 Lz, NO FEAOEINTERIRS AL 5% 30 /T, FICMmENE
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AW TTLHE L T2 Z & D eNOS DEERIRE L OER OFER) L 72 DFFE TH D Z L 3R
eI iic, ZOMBITT Va2 Ny MEFEEIRE T V01O KEIRIZEHS T S eNOS 35 LT INOS
DT x T DR RS A DO ER Z /R LIZLIETO in vivo HF4EE —#4 %, —J7, RS Lo Mm
ELRER T 5.4 120 43 TR L7228, MR EOIEINIT 60 70 F TLOMERF ST, &R
Mo bR Ui, Ziud, EERE A RMER B RICKT 2R ROV REET 52
EERLTWDDPBHENZR, ZOREZWMICT D7D bR DM REDRMLETH S,

PLEDZ &b, BRSO KGIZL Y, MBRO MAE N To NO FEANREM L., HMREED
WENDTZLEINTZ N, ARNOEZT-ME TENETA TA A= IV THER I
7=,

M N RS RE DR T IXENRMEA L, IO IMAE . JERE., BYEBEN. BERIB., 7Y A ~—J{D
X O IR EER B Y B REBOERICH D0, B NGO NO FEA R 2 EEBREY
DEEZT-ME T TCELZ EDOERITRKI LV,
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b — T
7

FEDH

FAETIT
SRS G S = BAIR G E R Z LA b L ACOWT, MEERBEEEORERNREELE 2> T3
NSAIDs O A > RA X 2EY EF| in vitro TIRBINTWIH LWMEEA D =X L%, ~ U ADENR
WTHERT 5 Z &N TE Iz, /DR ERHIRIL, ENTER S DRI 6 ROSIRENE < 7o T, Bk L
R R VREENRY T EMETH R L DOIZ LTV, ZhUXinvivo 74 T A A=V U 72X THLMNITH Z
ENTET,

%5 W Tl

WRITEDFEEA R L ARKE E L THEH SN THWDEHRE VAT A NZON T HHEMIE~D/EM % in vitro
TRt LTz, BOEZHEIHE LB LT T2 LI2BRS, BIEA N L RAICK oMz, 27—~ 48
BEERT DBROBIEZIR T SELEABRH LN o1, FTMIEA N LA TERBMEES NS AGE
EEHEMM S5 Z & % in vitro THIO T/ L7z, invitro DEA A—T 2 ZI2L > TROS 24U A AKE
VATA L ORBANOER A, £ A buas . SERM OEA R EEERT 505 RICERD T — 2N
Boni,

%6 BT

B TF D MR AE A TR AT G & LT D AEBURZS LAY M8 N BRI 2> & 0 NO FEA 2 B I & - C I & 2
BTDHZELETATARA—V U TICE S THID TRT Z ENTE 2, WMORREIL, £ SITEEA LR
Lo TMENEHBIENMET LIZRETH L EEX NS, MENKEIEOIR FiX, Bk, meLE, BER
Wi, TAINA =il &, xR BEBOREICHD EB 20, 5ETIMY LIFREV AT A OIER
HThbHEEZLNTWS, MENEMALD NO A% in vivo TEHMETE 24 A=V VT REETE -
ZEDEHF/ITRE N,

7-1 #BIE

B Z s U £ F £ invitro, invivo TT7 A 74 A—UFT 5Ed L . MES 2 AHLT 289087 1
— 7 OAGDEICL Y AREET Y —F T H OB EEIREIT S FTREIC 2 o T2,

W b 28U EOBBRGEBORA P TA A=V 752 LT, AF TV ARRREOT TR 5%
EDOFENTIREDFE WA KBEE I, — R T OBETITHETE o REOEWARIETE 5 X512k
Stz, BAEOBENREIT, REZMD-0DL 0 ZL OFEREEDL LN TEAHATH D,

A A=V TRA L P ESHITHRWIE, FUIEZA LT FABE L LT, TBIE ] & LTHEL2ETS Z
Ll e B e,
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7-2 SBANDRERE

BRI DO RN 2 0 R e EORRABGEES S ETH in vitro TH S ALIZEI RN, R OHRE
DODATEDE DTN TWDDONERAET D Z LITEETH D, EBMEEFF o 727k OREEN L
BLINTWD, 5 FOa LA & | ARPRLR O /T RAL BT DR & D3 rT e 2 AT T
KL d, ABREOICEREZET Z & THERIR & OEICHTZRMAR b END b D
EERD, BEETEERZALEMEUEM T 2 & &b, BN - RGHE. Bo gk 7 m
— 7. B FREEM LMAEDETA A—T U T THMTE 5 REMHEE LT,

Bl d oo h TEIRICHAR 2R L, T2 L TERICH I A D =R L EZHBETH LN TED
RiRIZ > CTE TV D, ZTRETIE, HERFATEILORRZ LD THiEZ 30 S5 L, BEOY
BIZR> THE & E&b LIEEOENTEREZERT 5 Lok olz, FHERED K 5 7 H
RIZE o THER SN TV DD E VS TFEMRIERITIE CON T LEVWRRIZIIGE R o T,
BIZIEY v — L RIEDO N HIE, 72K SAOHIIENFE U L 9 IZWEZE> TWD D0, FFEDH
Jain 7= SAOWME EES> TWDH DN, LE-THBERITHE LR, TORE—M FKHICEE T
TNIEEEROTEEEOENEEY L BEREEMD Z N TESL, T LT, A& GE LTEY
EDOENBIEY HENDICE - - RBRO T OEALOFR G TSI 5 2 & A TE NI,
HEWEEANTZEA NN = ALETEET D2 ENTELIETT TH D,

A A=V T3S OEEZFHETTICFERFICHES TS, BENICHIE X 5, T Tl 42 &
MTENLEY ZLDERE G2 T ND, WEORE e I E 52, A& T DIRETIX
WD TFREN ULIE DS E U NEL LTS, WEDSA, DFV ] ORISR 2T,
M ) (272 B2, MEELOREE LTEEND (8% ) o2 L TREZHEETEL L IThR
HIFTTHD,

AN DR ITE X ICKREBR T, D LOBEIE OFEWNCHEMREZR 70 45, 8% 2 EKNICE
BLEOIZHRE LR T~ 2 fRATIE OB & FIRE 7RIS 72 0 22 db D,

MBS EEIX L LGRS L, BT LICABL I b TITE 20,
BEETEHNON TR L DREESCTREAN B D, TNENDFNZENDORE 2T, FEE Tl
BRWANF WD, EHETHMM L CEXFMRAO R, SERETIERVME 2 OB S 5288 LT

T b, REERRZ{Eoh TREZERET 5, B TREZEET 5 2 Lo ROR N ZH
< DTIEZRVDN,
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