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INVEFAIRVAFYY - (EC 1.11.1.9.) BTNy FA & BBIEKRK
FRREEARLEYERECL, WAHYORER, BICAORISBIIELETS
MBEERCEDLIBRTHZ'7 0. FFRIINH 90 kDa T, 1 FFHrEb 4
AotV YEFE2EL. TOEBHFLIBFEREFEOELL VANV T 1 K (Se-S)
EEFE2Z6hTEh, BLAFRESYWTH-o-THZHIZHEMLAEEAEZELTLA
ETNVEFAYRNVEFXO Y —CRERZROTEMENFRAONS. =TV
(ebselen; 2-phenyl-1,2-benzisoselenazol-3(2H)-one, Fig. 1) X ZDRREZX
CESWTHESIWEEBSFLEL VEBESY T, in vitro KW VY F2
IRNNAFTY—-EREBIZNRT, 5-VRFSTFF—E¥BITCY A 70t FY
yr—PHERASEAF TR0 07 76778091 105.138 AEF, BLOER
MBERETVICOENT, HS 7 M IVERFESE' Y, EOMMEE?
ree, BRI, SMEREEY, SENEEREFETNG FEANT S
EBETNATWS. HEATWREE 7LV VEEKRKIBWTIVERTHMmIC
HLT7z2A XNMERZEHH T, MEEIMBPIIAL B 74 X1Tb KBRDS
BRTLTWw3. —7, HEEEEAOHEOBEZERI hTW3S.

BHREBIIER, XTYUVEORBEFLEMKE, BHBORZFOHEETF
D7 VNI VARZE-oTRZIZEHEZON TS 811120 e BEg{hes
TR ARERE AR b N L Vet B iR o TS @ vE s L)
frosas.slLes e 12t EAREBEER ICESTAIENRRINTVWS. F
72, Beil 67 b7V VIIERBAWOBRERICESE TS H K -
ATPase2“ - '103.-1e4. 118 ZEPEBEFZ MR EINE CHh5DHRANLS, =7F
VYRBHA BB LI UBEHBREGNHERAZA T2 REMENERINZN, in

)

—
/
e
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Fig. 1. Chemical structure of ebselen (2-phenyl-1,2-benzisoselenazol-3(2H)-
one, molecular weight: 274.18).




vivo EBRETINVIZBVWT TS ZHBIIRLERSII RN, £2C, WHAREXS
vEEAWTZT L VOB RS BHHEHORE Z2H AL T EEOBK
REGHHEAZEBBRRCEROBENREVWEINET Yy hKEARZ bL
ABIUTZ7ALEY VEMBEBETNBLY, AXho7yusrryaryoREE
TNVTHBI7y MNER, Sy NERBR—T5 ) - VBIUEYIRTY ) - )VEKE
BEBETIVTRITLE. ZORE, =7V VBRSO WB IUCBEHBEHIH
EfRZETD L, BIUEXROBMBEGNFHEABEOD DRI —FIZH
HAREBIU plT EEOMFMEE THZ RS i

H*,K"-ATPase WBRREY A 7)oy VEB{EFHEGKEERT S P B
ATPase TT1V8 117 4134.998) » g ETICRLOIE BEEREI<EVY Y =9
itk DPHER S MHEARIATWS. KZicdbEdBLEY, 7LV’
H*,K*-ATPase Z#I%l L, ZTOEAEAIE H K -ATPase FEHFEH ARXA TS5V — N
19547172 L EIRIIHMEDANE RUNVETHIZ MBS IZTh TS
"o UL, BRRIEYA IV NVOBARIBICHTEHIERARIRFEIATVRN. 5
E, 75 BEBKBELD H K -ATPase ZETEBHXY V)V EHEWL, H K-
ATPase DE KRG (V VB, RYVEBLEBIT B »56 kK A0V 7 %
A—=—avER") IHTZ2 TV VOMRERT LE ZEOHER, FAEIE
ROZ)NWERYNVEBIZHERAL ECKRV VBEAEZ200H L CHREZEETZZ
EHSHER L =,

BB EEMRERIBYOBEEFEZEEL L, WBEAFLOSBRBEEZREL
T3 385880 oM S CEMBELEMROERREIKREBIINED
O, F-BEZAELAHRERIORSE R Y. OF, BERNHBIEZES
LRI D=8Ic simian virus 40 large T (SV40 large T) fE R
EFMHWShT RS2 %2 139 X5z, BEBRIHERERE tsSV40
large T HIFRZTE2BALERNS VAT w I A6 420 MAIKDHE
LI TWnBie 138 tar a2y a0t t55V40 large T AIERIZFHA NSV
AVzZw IRV ZOBMBANRERADLS 2 BRO BB LR E Mk
(GSM06 & & TF GSM10) OBISLIZALZH L 7. GSMO6 MRE LB BB ZH O ML EM %
mL, FEBAOEHERBREEMBEHARICRONIBEZE TSI LBHL D
ok 7RV VOBKBREGNFHIEABFE ZBES2ICT2EHK T, GSMO6
MlROxLYy /) - VBB T I2EAFOHREZRANLE =7V YEBIY ) -
MaEEZ2ERICHEH L, 2O0NHERABRFEOLR L —HICEEAR{EDOME
ENEETEI N REINE

BLF,» &% & KD T 2hie 42 asdab a8l
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IT7EL VOIS FNBRARBIVTERES Yy hEEETUX
BHMBEGIIST SR

1. B
BMBEEBIEIER X7V UVEFEORBEFLENE BHMBORFOHERETF
DFP IR FIRRCE>TRIBEFR AT LA 120 Srdg. RHREBRE

69.78‘88,95.128), 7])__5\‘/‘73}1/36.95‘122), pLT B optndl o A 5 S o el ol 25

EHBENBEEBERICEE T2 ®EIh VWS —AH, BLVVERLELEYN T
U YRIRBIEER, IV FAURNVAFIY-ERESE, 5-URXFV T F—
VHEEREFETZO T 27 76.77.89. 91105138 | A3 \|\7 B K B8 5 10 5 1F
ANH DA EMMNHEREI NS, In vitro ZERARIZBVT, 7LV VIIEBRTW
ODEBEREEICHEE 32 H K -ATPase 2HIF T2 M mIh=". L LiH
5, in vivo ZRALELBVWTEEIERSRBRBIUVERBREBOHIERZE TS
DPEPZELIPTRY. ThOR, F—HBTCRT7ELL VORBRSBIERZH
GRSy hTRFLE X612, BHBREAGSHHEA2EBRRCEROMS
MRKENWTY PKEBERIA NV ZABLIUE7Z7ALE Y Y BHBEEBB LY, H#A o
7077 avOREETNTHZTv MNER, SvINERBR— T /) —LVBIUT
TUORXIY ) - VERBBEBETNTRIELE £k, UYLV ETN
WBWT, 7V VOEKBEGOFHERICBITEEARIES LT LT OF
EURGE - RN

2. EBRMHEBIUHE

1) ZRHY

M Sprague-Dawley (SD) T w k (fkHE 170~200g, HZE SILC, #MH), &
t£ Donryu 5 v b (KHE 160~300g, HEF ¥+ — VA Y)N—, #EJl) BLVT
M C57BL/6 v 2 (fKHE 15~25¢, HEAF+— ) 2UN—) Z2FEHLE HAF
EEE (23£2°C) BLUTEE (55115%) Havbo— VX h=HMWETITL,

mROBEFEELR (F-2, HBEY, TE) BLUVLAKEKZEHRICHRR B,

2) EBRME
7+ L (Fig. 1) & A. Nattermann & Cie. GmbH %t (Cologne, Germany)
EhFEE 72U Y3 AME (KER), Tween 80 3 F+HS54A T X% (R
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), A VKXY UBIUTYYmMBEBFZNT I (BSA) & Sigma # (St.Louis,
MO, USA), Daigo's T 3&ih (Hepes BLU 7/ — VL w KEFET) TFNHE
(KBR) LhBLEBA L.

3)) EMoOBS

ITT7EL VI 0.5%5 ANVEIIAF NI TO—)L (CHC) KBRIZBBL, 5
ml/kg OHETHRELE BRHBEBOERTE, 7L YV IIEGBEED 30
SARICEORS (p.o.) L, BHAVOERTCIIHMMSRERI T EBAKS
(ede) Liis

4) HFRERS Y NCBU 2B HARBOHAE

MPERSy BT A3EROW TN Shay SO HFEN'D - TITFR- =
$Z2bHB, Donryu ZRS5w b (KHE 130~160 g) 2 —KERE, BT —F )V
BTICEBRZEFRICR-TYIMEL, MMAZERE, VYHEXE2ESLE B2
HETC 4 HEAAE® AFOZ-—F)VTCEBRLE BZ2HEL BRABYZ2E
&, & (3,000 rpm, 20 min) KXW BHRZEZDHE, TOBREZHEL, KE
100 g A IHRBLTRRLE (n1/100 g b.w.). BBOBEIEH HEH
(HSM-10A, RHEES, HH) ZHWVWT 0.IN NaOHT pH 7T F THEL TXKD,
mEq/l TRRLE BHHBLEBEORZBLBEL L, «Eq/100 g b.w. TRD
7§ &

5) Sw hKBHEZ ML ABKBEHEOEEL

KEMEZ M ZBEHBEBIILUATOFEICR U TiTRo 2120128, A%,
JE¥ A Donryu 5 v b (4KE 270~300g) 2 KBHEZX ML XA —YIZAR,
BHIZULTRRRELRVETCKIZEDPBLOIZL, 21°C T 7T KREAKEMES
HEELE. T—FTIVHEBTIZSy NERZ2EFRICB-TYEL, BE2ELE,
BRI 2% AV~<) UEEHE 10nl Z2FAL, TSIETIVIY VEHKTHEY T,
200 sHEBEIZEREZLUE (25°C). 2hhrs, BEIhEEZ2AXBIZR-THHMAL,
BHBEBOEE2FM LA B40BMOEE (REEERE) OBX 2 /X
ATEAL, G L0 &2BBEIEH (ulcer index) & U .

6) v h7RE) VEMBREBDOEE

Donryu #J v b (fKHE 160~200g) Z—REABERIZELE. TV MITR
Y (300 mg/kg) Z2EOKES L, 5 REAKRICLIEKEBRZAMNVIETIVERE
RIZCUCEMBEBOEEZFM LA Y.
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1) Sy MNEBBLIUER - ) - VENBEEBOER

SD Zo7v b2 —MBEEERICAHWA. BMICER (0.6 N) FALITER -
% ) —)V (60% ethanol in 0.15 N HCl) Z&#O% 5L (1 ml/rat), 60 Z&IC L
HAKEBRARI NV ZETNVERARIZLUCEMBERBOEEZFM LA 2
e NEMToRY TSIV I Y (P6) ODRBEARDIER TR, BEHBREBE
D 60 HTIC 0.2% Tween 80 2L EHBEKIZERBLESA Y EXASF Y (6
mg/kg) 25 v PR S LERBZEL LY. BHBREEREX2ERT2L &,
BAaBESEL 10y AV UEHFBTEE L, HEITR > T periodic acid
Schiff (PAS)-aurantia FEL 4%,

8) YUATH ) - VEHBEBOEESIUVEHBARIEE S L plT OH
E

TURE—BREBEERICAVWE. Bty -V EEOKRSEL (50ul/
mouse), 30 9%, T—FIVHEBETIIER2*EHFRIZR-TYHLE BE2HEHE,
BAIK 25 A=) VE®H®E 0.5 nl 2FAL, LEKEWERIIMNLVIET VL
FRIC L CERBIEEGEOES Z3FM L /.

BREARILEES LT plT BZ2HAETZLE, LEOZEL Y /) —VEK
REGEENE CVEy b Z2AVWCESGE»POMBEZHEL, TOMB X
WEHERBEKT 2 HEFLE ABMLE"EZ2HETIHE, BV 7IVICEH
BEKZRML, 770VFREIFAYF-—THREIFAILE. Y7 NVHOA
B{LAE E B X Ohkawa 5D HFE®? KW F ANV EY - VERIEWERE Lk
PLT ZHE T 2 & &, ¥ % Daigo's T M T 15 FRIBMBITRL = (37°C).
RKiz, HEEFZEHMN L (1,400 x g, 10 min), EFFRICHIE L~ plT B%
pLT =V A A4 L) 7vtA4 (EIA) ¥v b (Amersham Japan #, HIE) TH
EFLR A¥wbiE LTCs, LTDs BL T LTE. & 4 100, 100 B&L T 70% KI&
T3 BUTNVNOY NI BET BSA ZFE¥E L L Lowry 5DOF &Y KTRK-T
HE L 7=

9) Mt
MRIFEILFRBERE (S.E.M.) THRUAE (N=6~8). HMIAFHENIE
Dunnett OFP EILBEZH VW TITY, P fEM 0.0 UTA2EXEF LHELE.




3. ERER

1) MMFE¥RSy NERSBIIN T 2EH

MPTEE WD 4 Fefl&, Sv b 100 g 70 4.520.4 nl OFHEMRIE A,
FTOBEBEBIUVEBELBIIZ L 123.3£2.1 (nEq/1) B XY 564.6+49.4
(u#Eq/100 g b.w.) THo=. =7l ¥ (10~300 ng/kg, i.d.) #ES v b
BWT, BHRBLURHEEIX 30 ng/ke, BREIX 100 ng/kg S HABKEN D
ODEXICHH Eh, 300 ng/ke ETCREFETLRIAFIEAGBEEI L
(Table 1).

2) v hKBHMEZI NV Z2BLUT7Z7RAE) VEMBREBIINT 2EH
KEHERZA MLV ZER (21°C, Th) bS5y FEAHRBHMBEICITEROE M
HEAeSHBBEMNMELEINE 7L 2O 100 BL T 300 ng/kg OEOKRS
BEABNBEBEER IO L, S40MERIT 47 BLE 678 THo k-
(Fig. 2).
/7, Z7AEVY Y (300 mg/kg) BOKED 5 K&, BHRBKBRICEIKENH

Table 1. Effect of ebselen on gastric acid secretion in pylorus-ligated rats.

Dose Volume Acidity Acid output
(mg/kg) (m1/100 g b.w.) (mEq/1) (u« Eq/100 g b.w.)
Vehicle 4.5+ 0.4 D33y aE ol 564.6 + 49.4

10 4.8+ 0.4 (-7) ILZILE(E an &t (O, 585.0 + 52.3 (—4)
30 Shil=a0533M (358 126883k Aes (G-2)) 388.0 + 45.8" (31)
100 kS 0,27 (718), 82.9 £+ 6.0° (33) 93.9 + 17.6° (83)

300 0.5 £ 0.1° (89) 56.6 £ 5.2° (54) 25.9 £ 4.3° (95)

Ebselen was administered intraduodenally immediately after pylorus ligation.
The injection volume was constant at 5 ml/kg b.w., and an equal volume of
vehicle was given to the control group. Gastric juice was collected for 4 h after
ligation and analyzed for acidity with an automatic titrator (HSM—-10A, Toa
Electronics, Tokyo). Acid output was calculated as the production of acidity
multiplied by the volume and expressed in terms of u« Eq/100 g b.w. All data
indicate means + S.E.M. (N=10). Figures in the parentheses indicate the percent

inhibition. ®*P<0.01 vs. vehicle control group (Dunnett’s multiple comparison).
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Fig. 2. Effects of ebselen on water—immersion restraint stress— (left, a)
and aspirin—-induced (right, b) gastric ulceration in rats. Ebselen was
administered orally 30 min before exposure to stress or aspirin
administration. The injection volume was maintained at 5 ml/kg, and an
equal volume of vehicle was given to the control group. Each column and
vertical bar represent the mean + S.E.M. (N=7 or 8). **P<0.01 vs. vehicle
control group (Dunnett’s multiple comparison).

HRAMVZRETVORELHEULAABROHMMHBRETRBRBEENER ZH, <
Tl Y@ 30, 100 8L 300 ng/kg (p.o.) WZOEMBREBZHABEEND

DHERICHFHL, BXAOFBICBI2ME R 49, 82 BLV 97 2Lk
R 20

3) Sy MEMBIUHE &) - VERBREB N T5EH
HMEFAIER -4/ - VOEORER, WNENICSy NBEARBKEEICA®
REREMMBEESBEBEEARE L2 (Fig. 3). £k, HBFV R ERMER
OtE, MIEREEBLICERBTEREZAES EMBERENBEE I L E (B
BR&d). =71 vD 10, 30 L 100 ng/kg OREOKREG IIHEE £ /= 3E
-5 /) - VII2BEMBREGZABRKEN P OARICHIH L (Table 2 8
XU 3, Fig. 3). &/, HHEFNIIHLEAXROFH® (100 mg/kg, p.0.) FEXK

==




MR OREZ —BOH L, TOMOEBLZFIETLICHEFLE (BRTREY).

ITELYOERBBLIUER -4/ - VEXBEBOHMREICAEME PG H
BETEIIPEPERANRDZIEDIL, FSVNIAVEXYIY (P4 uAdx2y
F—PHEEH) RMOUBEEZELE. AV KXY VYEESy MZBWTY, BEAM
MEHRGICEID ERNEESTEEXh, SHA2O0 7L (100 ng/kg, p.o.)
IEEHBEEZICIE L (Table 4).

Fig. 3. Gross findings of gastric mucosal lesions produced by oral
administration of HCl-ethanol (a) and 0.6 N HC1 (b) in rats. Pretreatment
with ebselen prevented almost completely the necrotic lesion formation
induced by either HCl—ethanol (c) or 0.6 N HCl (d). Ebselen was given at
100 mg/kg p.o. at 30 min before the administration of the necrotizing

agents.




Table 2. Effect of orally administrated ebselen on 0.6 N HCl-induced gastric
mucosal lesions in rats.

Treatment Lesion index (mm) Inhibition (%)
Control 86.7 + 15.9
Ebselen

10 mg/kg &) anad Ule)E 59

30 mg/kg bled)ar &gzl 87

100 mg/kg Ri5) g #1LE 96

Ebselen was given at 30 min before the administration of 0.6 N HCl. The data
represent the means * S.E.M. for 6 animals. °P< 0.01 vs. control (Dunnett’s
multiple comparison).

Table 3. Effect of orally administrated ebselen on HCl-ethanol-induced gastric

mucosal lesions in rats.

Treatment Lesion index (mm) Inhibition (%)
Control 75.1 £ 10.4
Ebselen
10 mg/kg Sordei=151.08 55%)
30 mg/kg 8.0 + 2.4° 89
100 mg/kg A7 ERSROR 94

Ebselen was given at 30 min before the administration of HCl-ethanol. The data
represent the means * S.E.M. for 6 animals. ®*P< 0.01 vs. control (Dunnett’s

multiple comparison).

Table 4. Effect of orally administrated ebselen on 0.6 N HCl- and HCl—ethanol—
induced gastric mucosal lesions in indomethacin—pretreated rats.

Treatment Lesion index (mm) Inhibition (%)
0.6 N HCI model control 93.2 + 8.8
Ebselen GREIERHIGEEE 93
HCl-ethanol model control 112.5 + 8.8
Ebselen 18.2 + 8.4° 85

Indomethacin was given at 5 mg/kg s.c. at 1 h before the administration of
ebselen at 100 mg/kg p.o. The data represent the means + S.E.M. for 6 animals.
®P< 0.01 vs. control (Dunnett’s multiple comparison).




4) XU Y ) - )VEMBREGS JUARLEERE 2 pLT LRIVIIXHTD
EF

I —)VOEORSIZEIDABERICIE Y X T 458K E I HE B2 H ST
FEMNRBRDON, MEANII EEMROKREL K UTHE, BLIUBKETEERE
MmN (Fig. 4). =71 ¥ (10, 30 BL ¥ 100 ng/kg) OFEORIMLE
X 30 mg/kg ODRABYSHMMBE BB EZMF L, 30 3 XL 100 mg/kg D
HBIIEL 83 BLU” 92% THo7~ (Fig. 5). WAL, KFED 30 ng/kg
BEEMROKEZESIUCBERBETEEEZOF T2MmE2RL (BRRIT), £
EEfAE (100 ng/kg) TIREEMRORES ICEMBETEIEL2O0# L, £K
MR DBIES —BIH L (Fig. 4).

Fig. 4. Microscopic findings of gastroprotection by ebselen against
ethanol-induced gastric injury. Ebselen (100 mg/kg) was administered
orally 30 min before a single oral treatment with absolute ethanol (50

& 1/mouse). Thirty min later, gastric mucosa was fixed with 10% buffered
formaldehyde. A, ethanol alone—treated gastric mucosa: Note desquamation
and disruption in the surface mucous cells, edema in the gastric fundic
mucosa and deep necrotic lesions. B, ebselen plus ethanol-treated gastric

mucosa: Note protection against changes induced by ethanol. Bar=50 x m.
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TH - )VOEOKREGIAMIEKEZEE (50.0+3.4 nmol/100 mg protein) B &L
¢ pLT L X)L (248+ 19 pg/mg protein/15 min) 2 FXIZEMEE, HERZXEA
OBEBMBEHICILEXTH 1.5 BLT 1.8 EHVWERRLE. =7V Y (10,
30 BX UK 100 mg/kg) OROH/E Ty ) —NVIZL 2 A8BELIEERODLER%E 10
mg/kg 75, pLT VL XIVDER%Z 30 ng/kg » S A BEKEN P OFRICHH L
(Table 5).

40

E otk

€ 30}

»
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.E 20"

=

o

g 10 | o

— _I_ * *
0 [ |

0 10 30 100
Ebselen (mg/kg, oral)

Fig. 5. Effect of ebselen on gastric mucosal lesions induced by ethanol in
mice. Ebselen was administered by gavage 30 min before an oral treatment
with absolute ethanol (50 &£ 1/ml). Thirty min later, gastric lesions were
visually examined. Each column and vertical bar represents the means *

S.E.M. for 6 animals. **: P< 0.01 vs. zero—dose group (vehicle plus ethanol)

(Dunnett’s multiple comparison test).




Table 5. Effect of ebselen on lipid peroxides and peptidoleukotrienes in the

gastric mucosa of mice treated with absolute ethanol.

Dose Lipid peroxides Peptidoleukotrienes
Treatment (mg/kg) (nmol/100 mg protein) (pg/mg protein/15 min)
Vehicle alone SR ani Ok |87 £9)12°
Ethanol alone 50.0 + 3.4 248 + 19
+ ebselen 10 BYe) e ) (02 20SREIONT
+ ebselen 30 37 oRA20] 2 158 + 6.8°
+ ebselen 100 21016 & 18318 154 + 15°

Ebselen was administered by gavage 30 min before a single oral treatment with
absolute ethanol (50 # 1/mouse). Lipid peroxides in the homogenated gastric
mucosa were determined fluorometrically as thiobarbituric acid-reactive
substances, and released peptidoleukotrienes into the medium were measured
by a peptidoleukotriene enzyme immunoassay. The data represents the means *+
S.E.M. for 6 animals. Vehicle alone: 0.5% carboxymethylcellulose sodium solution
(CSS) plus purified water (oral), ethanol alone: CSS plus absolute ethanol.
®P<0.05, ®P<0.01 vs. ethanol alone group (Dunnett’s multiple comparison test).

4. ERBIUVEE

MFIERZ v McBWT, 2721 > (30~300 ng/kg) O+ =SB S I3m
BRENPOERBREWMAWMEFEERR UL, B4, Beil 67 BrrwL Y
VT IEBRY 7NV D K k¥ ATPase (K -ATPase) /& (ICso=0.15uM) B
U H K -ATPase ILL BENYZVHAADTO hYENDAA (ICs0=0.7uN) % BH
HL, SOUBEBELNEY FEMBEIZBLTEZSY I (ICse=13uM) BLUY
ZF VI cAMP (ICso=12uM) MBI LB7I /P Y VERAERS SIS+ 2 =
LERLE. ZhonfERA2S, invitro EBWTI 7L Y REDT O b v
Y7 H' K -ATPase %PHE L, FROVBRGEE2MEH TEZENE LIz,
BAbT7 BTNV EBWVWE in vitro ERRIIBWVWT, XD H LK -
ATPase MHEM ZHE T DL LV L ZOMERAOBMEB <~ (B-NM5®).
REOZ7O NV RYTHERNAA TSV — LD K*-ATPase EMFHED ICso I
0.47~7.8 UMEBE IR TEDS ™, T7HL VDK (EDse=0.06~0.15
uM) EDHFV. LAL, AATSV-LO5y CEBESBIEERD EDso &
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X 3.5 mg/kg THHO, =7V VOEMA (EDse= ¥ 50 ng/kg) L Hh HAT
Hok. —H, TTELVVOBRABAHEHRIITSERTCHERLES Y ME
BETNVICBITR2EXEORREFEY (EDse=56 mg/kg, p.o.) LIFEFT Lok

se)

SEAWESY PKEWERZMNUVZBIUZRAEDY YEMBREBIE ZOHEE
REILBEBMOTSHAREVWETNTHS. o7, TheDFHBEEBSEE XS
IV He VEZY—#HH, 7obrRYTHEFNSOBRIWBIHA I LD BE
HH T h B ez TR L VIZLBINASDETINTO I HRE,
ZORKEANBERASBHHFHERICE SIS LEZIZONE 27V OBRFEBIF
Fi® (30~300 mg/kg) B IF2FHEBAHIE, R PVIETINVEIDETZIEY ¥
ETNTEDHMRETH ok Fi XEXEOBRSWHMH AR (10mg/kg) O
E3x7zEYVyET NV EHAH TE2EMERLE A, ZhSEDETNIZBNT
BREBREBFO —BICEE AR>S, 7U—F I H)°S, pLTs 14 Z )i
ET2Z2¢MRBIATVWS. 7V VIIMBUEERABLT 5-VRFI 7 F—
PRFEHEEZBLTED (Table 5), ThSDEANEEDS v hKBHEZ b
VABLUT7ZIAEY YERBREGHFHHRRRIIFES LTV LARL. &
Ey, ETRUVIHBII/ 872ty (F4raxsk Yy rrF—EE&EA )" LT
Bl —FER' L35y hEHBENBRBEE2OH T2 MHELL I NE.

PG BT ED7+H 03y ) - V23 ULOETI2BLAOERMEMEEETK
BEmEME g 550 5102120 OWFERR SROBIAHEN LEHE
TREZRL, " ARbo7aFryay” eHEhTnsiee 120 PG OBFREY
A h7aF 7 a EABRRI WAL, COERAIE PG RIZOsBSsSh 3L
FEZO5NTVWEDY, ZOBOMATHENIZPC CHEABM LR WEEMIZL ZORER
ERAMH BRI NEZY, AFRIZBEVWT, =7V VIERBE L TIER
— 5 ) - NVERSy NENBEBEIFIY ) - VEREYY 2 EXBEIERER
ZFiIWHE L, H#AboT7oFs o yavRERETAZENHEOIERSE. —F,
BREOIY ) - VE-3EBRR2LEOBVRHENIBRIZERNEIC L 2 FHHE
BB LCcHZR voTuF oy avERAERLIS Y, CORRR” 7977
1T7AZ B TRFIIAY” LHBENT NS, PHPITFATHAINATRT Y
YavIZAEHMD PG ENULEERT, COERARA VY EXAYYVYEDOY A0
AXTT F-PHEALBIILIOBETZ. 7L yOHXbuTusFr o3
YHERBEA Y RAS Y URLE (5 mg/kg) WEh BEEZ IR R #- T,
FEOHZA b o707 7y a BRI 7Y 7T 7HA M aT7usoryar kA
TR, 7V VHGAORBEERAILE SR TH B I ENTB I Wik

AZbO7oF oy a kBB ODWTEOIPDFMNH B! 57 887288,
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126,122 Boyd 5'" RBEMBHESTIIIERBOERTMINYFAUMNEEL,
EFRADNABRBEND 7V ST AN IZHERFTOH CERCERLTIVS R
HELE ¥/ VOROBRSICIVEMNBOREARLLLVNIDNERL, R
WWANWVE RUNLVELXUDED LR 1220 Hrho7oFrryavElz%
TS 16,16-I A F)V PGE. I EMBEEARILZFHLE®SY. BADTY
ADRBIZBVWTY, =¥/ - VIEMBEARILEEL XVZERIILEFEEE.
S-URF YT F—PBRIDEEINS PLT O F-BAMMEICL D EHBEG
RENCBEETZ2ZLDHS5N T WA, Peskar 6°3 B XU Peskar®® &, v
MZBULWTZ Y ) - VOBARGIZLIDEMBEGBORE AL TEMELS
LTC. DI h3 %2R LE BADIYUVRAZAWEERTY, =% /-1
BIZLDBGEMBELS plT HOERRBHEMIBERERIIE Ch650FEED
5, TH - NVERYVZBEMNBEERREODRS L —BEEEARLE LT
pLT XM E T 2NN RENE. 7L YOS BN ERUADERR
% fig. 6 Lmd.

UE, 272V VB ERABBE SUBKBERNHERZET I LHE S
LS .
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N HPETEs PGG; Other O3 H20,; H;0
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Fig. 6. Formation of hydroperoxides and their breakdown produced by

leukocytes and sites of action of glutathione peroxidase (GSH-Px) and

ebselen proposed by Parnham and Graf (reference 91).
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B
I7EL VDT % H K -ATPase FHE R B ORI

1. ¥

IT7E VYD invitro KB 28BS RMFHERTESE Beil 67 ICLD#
BEh, =7V UDNERDBOBKRKERE C® < H K -ATPase®* 123 1241187
DANVE RV NVELEZFRAL EMROBIBTTERCZHAF T ZEMNHEL LI
Xh7. H ,K'-ATPase I H7a-_v bOSFEMY 10 FOREHBHEESY VN
pyresir2) . Na',K'-ATPase % Ca?'-ATPase REDHh F AV 8X¥ ATPase
CRARCERREY A 7 Vo) Y BRIECHMGEZEK 20T P & ATPase &
FrEahptie 1313y hgEcll, BAOERMMEICE S CH K -ATPase
BHER PR EZTNTED, RUVZXAIY - VFERBEAIATIV-VIIEROZ
Ve RFYUNVBIZERALTERZ2EFEI B30 7270 4 IV [1,2-a]
BT &EMK SCH28080 IBRD K- HHRMBALCER L CHEERZH S
g4 98l 080 T IS VR A (DS (Seomarid Quitis 8" O HE 2
THEZAINYNVEBEIBROKRY VEBEIEETZH, VUBLEEEFLRZVE
Ez6hTWVW3Y, F£/, H ,K-ATPase T B E/ Zua—F )V HK4001 I
BRO) VBIELtOAZHEETILREIAhTWBY., KETCEZ7EL YD H,
K--ATPase @ K--ATPase &f, VU Bk, K -pNPPase &M (MR B LMY
ey BEU B 26 B2k ADOVTIARA—Ya VEAR IXNTEAHRER
L, ZFE®D H' K" -ATPase fHEMEZHO I TH L ZEHNE L E.

2. ERMEBIUR®

1) ZEBRME

VFAALVA M=)V (DIT), p-= b0 7 x=NV7+xZX7x4 b+ (pNPP) B
ZNVAVEAL VA VFATTRA D (FITC) (TFIXSMIE, ATP (VY XE) &
Sigma ft, [¥-22PJATP IXBE—{L¥EHE (ER) LhBELWAL~.

2) BRY I VO AN

H' ,K*-ATPase 2B 7 ¥ H XY V7V ITMUBOE®E? 127 CR->THBLU -
s, 75 E¥E%2 250 0 X 70— X8 L 1 nM EGTA 258 ) 2 —HEE
G (pH7.4; 220 —XEHKH) PTHREYFA XL, FEIYRA b %
20,000 x g T 30 SRELOE (4°C), EFEZZS5IC 78,000 x g T 30 SRZEDL
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Lz (4C). XBZEZRA V7O —XBEHHIZWMB L, Ficoll OFERKREBELOE (7%
Ficoll (w/v) EBFXA V7 u—2EHHEIIR /70— 2 EHHREZEH) TRE,
132,000 x g T 60 #fEL®E (4°C), REIEREINZ LY NI /)NY K ZEIK
L, ChZBEXYIIVBERELE BXRYIJIVBREIXRY IV IVEBOEZ &M %2 L
RIE2-DICHEBEBREL, AT ZET -80C CTRELE. PN EBER
Lowry 5D 7F ¥ Tk-> THELE.

3)) BRY I NVEZTELYDA VFaAR—YaY

7Ly (0.01~3uM) BENXTo—T2AWVWEIERTIEZY ) —IVIZER
LD, ZFOMOERTIIIAFIVZANEFY K (DMSO) ICAMUTHEAL =

UTEHEMITDZIIXRTOERIZBWVWT, =7V VBRI ZVE 37°C T 10 &
M (HAT7Oo-—T7Z2HVW2ERTIE 3 4M) 714 vFaxsbl, HOWTHE
EBERYINBICI 7LV VHEETFTTERBLUE 2V PO - VHEZRELXDOEBR
REHELE. Z7EVVOBREREMEHAICH TS DIT (2 nM) ORBEASB L
CEEERZRT TI2ERTIE, DT 2847V VABROERMBLE 10 &
BIZHEMUE. HRIBEBESHINTIHNETRTL, 3 LT 4 ORR 2T
mOFHLFEEME (S.EM.) Z2RLUE.

4) K*-ATPase FMH D HIFE

K--ATPase FH D@ EIX, 15 mM KCl OFEF A IFEETIZBWVWT 5ug/nl
BXIPU), 3 nM MgCla, 3 mM ATP B LT 40 nM ~ VU X —3ER (pH 7.4) 25
CHEBCTITR-oE. 10 DA U F a4 Mg (37°C), XKW 5% bY ook
B (TCA) ORMIZEL D RIEZEBIELAE Y., REBBRFOEK) VBREEIL,
Fiske $ LT Subbarow 22’ WKW > TfFR >/~ K -ATPase yEMfEIX 15 mM
KCl OFHELFEETOEBHEOENLSBH L £.

5) H*,K*-ATPase @®V VBt hGGKERER

H*,K*-ATPase @V VB RGERIEUBIORE: ' I U TITR- .
ERIX, 10ug BT 2, 5uM ATP, 1.25uCi [7-32P]JATP, 3 mM MgCl: B &
U 40 nM MU X —1HE (pH 7.4) 285 THEMW (£8 200ul) TR 2. RIS
X ATP O@HEM&E Kk LT 10 BTV, 1 nl @ 10 nM NaH.P0. Z& % 10% TCA
(RIEBEAH®E) OHFMIckhEIELE BRE-_boEIVO—IBET7 VY —
(0.45um, Z KNV Fw 7E#E, EFE) LIERL, RIGELEE®ET 3 ERFE
TNy —DHRNEHEREY VY FLAYarvyhy vy —THELE.
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6) K- -pNPPase {EM D HE

K--pNPPase {FHMIEX 15 oM KCl OFHEFERIFEFETIIEWVWT Sug/nl By
)y, 6 nM MgCle, 6 mM pNPP B LT 40 mM bV X —1EB (pH 7.4) ZET B
mTITR-o% 10 SO A Y Fa~xA Mg (37°C), 0.5 N NaOH OFEMIZ L D R
EESEL, RESEBEFTO p-=ho7c/ —)V#EE% 410 nm OWHXETHEL
7=. K- -pNPPase {EHEEIX 15 nM KCl OFHELEFLETOEHBEOZLOHEEL
k.

7) H*,K"-ATPase @ FITC S XY VI BIUHXBEEBHE

BARXY UV (150ug/ml) Z 5uM FITC 8L 2 nM EDTA Z& & 100 mM h Y
Z—EBEE®E (pH 9.2) #1T 30 M4 v Fa~xA LU (25°C), FEHE FITC
Z 40 nM MU R-1HE (pH 7.4) TEH{E L7~ Sephadex G-50 B 5 ATHDFBRW
7=, FITC IRNWVEBEXRYZ)V%E 40 oM b X —IEME®T®E (pH 7.4) T 3 &
A YFaxab& (37°C), RIGEWIC 5 nM MgCle ZFHML, W T 15 oM
KCl 27, FITC OHNEEIEX 517 nn THEL (BEHE: 495 mm),
MgCle RIMMBOHNXBEIIN T HHF S TRTLU .

3. EBRHER

1) K*-ATPase EH I T 28R

H*,K*-ATPase ® K*-ATPase EHIIX T 27V VOMBREZRIT L= BH
MBS X 120+ 4.3umol Pi/mg/h OFEMEZRL, 7L VBEBERENL
K--ATPase EFM ZHMHI L/ (ICse=0.06uM; Fig. 7). &7=, DIT (2 mM) DHIL
BEZxz7ElL Yy (0.1uM) KL2BREF2ELICHH L, FAEED DIT O&DL
BEIZOBREHELEZFIER2ICEBEE2E (Table 6).

2) H",K -ATPase @V VBt RGFERICIN T IR

H' K" -ATPase @V v B{LtFMGEEBRICNTI 7LV Vv OHRERF LE. &
BARME X 200+ 32 pmol EP/mg DfEZRL, T7 LV Y IBEERENIC H,
K--ATPase @ ) v it FRIGF K 2MA L7z (1Cs0=0.25uM; Fig. 8). =7 &L
Y (0.3uM) OV vEB{HE&REIEE DIT (2 nM) OFIAEIZ L D IFIEFTL
WBHEF X = (Table 7).
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Fig. 7. Effect of ebselen on K*-dependent ATPase activity in hog leaky
gastric vesicles. Ebselen was preincubated with vesicles at 37°C for 10
min. Specific activity of K*—dependent ATPase in vehicle alone was 120 *
4.3 u mol Pi/mg/h, expressed as 100%. Each point and vertical bar
represents the mean = S.E.M. for 3 different preparations. IC50=0.06 © M.

Table 6. Protective and reactivating effects of dithiothreitol (DTT) on K*-—
dependent ATPase activity inhibited by ebselen in hog leaky gastric vesicles.

Treatment Activity (% of control)
Ebselen 29+ 0.74
Ebselen, pretreatment with DTT 99 + 2.4
Ebselen, posttreatment with DTT 89 + 3.8

DTT (2 mM) was added immediately prior to (pretreatment) and 10 min after
(posttreatment) ebselen treatment (0.1 x M). The vehicle—treated group served

as controls. Values represent the mean + S.E.M. for 4 different preparations.
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Fig. 8. Effect of ebselen on phosphoenzyme (EP) formation in hog leaky
gastric vesicles. Ebselen was preincubated with vesicles at 37°C for 10
min. Formation of EP treated with vehicle alone was 200 + 32 pmol EP/mg,
expressed as 100%. Each point and vertical bar represents the mean *

S.E.M. for 3 different preparations. ICs0=0.25 u M.

Table 7. Protective effect of dithiothreitol (DTT) against inhibition by ebselen
of phosphoenzyme formation, K*'—-dependent p-nitrophenylphosphatase
(pNPPase) activity, and changes in fluorescence intensity of FITC-labeled
H*,K*—ATPase in hog leaky gastric vesicles.

Treatment Activity
(% of control)

Phosphoenzyme formation

Ebselen (0.3 u M) alone JEREEI8ES

Ebselen (0.3 u M), pretreatment with DTT 94 £5.9
K+—pNPPase activity

Ebselen (0.1 u« M) alone 41 + 0.62

Ebselen (0.1 u M), pretreatment with DTT 100 * 0.52
Changes in fluorescence intensity of FITC

Ebselen (0.6 u M) alone 0%

Ebselen (0.6 u M), pretreatment with DTT 88 + 6.0

DTT (2 mM) was added immediately prior to ebselen treatment. The
vehicle-treated group served as controls. Values represent the mean + S.E.M.

for 3 or 4 different preparations.




3) K'-pNPPase {EHIIX T 2R

H*,K*-ATPase M K'-pNPPase {#M (BRKRIEDB Y Vv B{bicHEY ') Ioxtd
27 EVVOMBRERN U AEMESIE 78+ 1.1unol p-nitrophenol/mg
/h OEFMEZRL, =7V 0.03uM o REEKENIZ K -pNPPase FH#
ZHH U~ (ICs0=0.09uM; Fig. 9). =7 tL v (0.1uM) OBREHETFH I
DIT (2 nM) DATMEIZLDTLIZBEHF X~ (Table 7).

4) FITC I X)V H' K -ATPase O HEKMELEILIcH T 2R

FITC m#HNKEEEILZH/FEL L, KC1 I2&3 H K -ATPase OV 74 A —Y
a vl (Bi>EK)" 2PETHLHIICOBINTZZ 7L VYOHRE
Bat L7z, MgCle (5 mM) #ADICHE < KC1 (15 mM) Mg X FITC HMHAEWEE I~
10% WP x¥, Z0%E{%®E H K -ATPase @ Ei #5 EKk ADaY 74 A—¥ 3
VEIRL LE. 27V VE 0.3ul DOBEBERENICCOERZNF LE
(IC5=0.33uM; Fig. 10). =7+ LY (0.6uM) Darv7+A—avE{HE
X DTT (2 mM) RUMLEIZ X D FIFL ICHIH T h/i (Table 7).

100g

% of Control
A

0 ettty L B EET

0.01 0.1 1 10
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Fig. 9. Effect of ebselen on K*'-dependent p-nitrophenylphosphatase

(pPNPPase) activity in hog leaky gastric vesicles. Ebselen was

pre—incubated with vesicles at 37°C for 10 min. Specific activity of
K'-dependent pNPPase in vehicle alone was 78 * 1.1 4 mol p-nitro-
phenol/mg/h which was expressed as 100%. Each point and vertical bar
represents the mean + S.E.M. for 4 different preparations. IC50=0.09 u M.
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Fig. 10. Effect of ebselen on changes in fluorescence intensity of
FITC-labeled hog gastric H*,K*-ATPase. Ebselen was preincubated with
vesicles at 37°C for 3 min. In vehicle alone, KCl addition (15 mM) decreased
to 9-10% of total fluorescence intensity, expressed as 100%. Each point and
vertical bar represents the mean * S.E.M. for 4 different preparations.
IC50=0.33 u M.

4. ERLEE

H* ,K* -ATPase?¢ 123 .104.116) 3 EBAWOBRERICBHIBMETHD, i
TOMEBERBIZVE RV NVBXEZIIBESLTWI 2N RINATND
gtuktt, =% WwsahaktlteBRB AL FULEXERBEL, LR
Ve RV BIZEETIeHHAhhTnws! Y. 0F, LV EBLEEH T
L Uhf H LK -ATPase DANE RUNBIZERA L HREH2LEIEE L
NHREINhET.

EERIZBWT, T7H L vid K'-ATPase M 2ZBEEKER ICHIFH L (ICso=
0.06uM), ZoOMEERIEIZANVE RYNLVEREH DIT ORIBLIUVFELEIZLDH
KLUE. Rz, AFED H K -ATPase EFHBEZBH oI T 3ENT, BMROR
ARSI T EHMBERI L. H K -ATPase WBRRIEY A VVOHTY VB
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ek ZEBAL, K FEETCBLWTEBESHD ) VBEFRGEER T
pis. it s 13 vt H L K -ATPase @V VLRI AEF R #BEE L
DT (ICs0=0.25uM), BRODY VEBIEXT v 7 Z2MEH T2 LRI N .
H*,K*-ATPase @V v B{EFM&L <)V IE K- OFRMIC L BB ) VBIEIZ XD 28
KETT3EHETh TSRS 134139 SEOERBRTRZTEL U H K -
ATPase OV VBLHFMGZER Z2WH LEDT, K K2RV VBIELAERADXK
EORXEBRHARBZZEDNH X RDP o=, —FH, K -ATPase FHEB LT K-
pNPPase FEMNE B RH» 5B I, Tk, BLOBREUEIVWI>DPOHF
AVBLUHEBRIIH LTRAROBRZMHZRT 2,5, K -pNPPase EHIX
H*,K"-ATPase MY YEILIcHY TR LHEZ SN TR 128118 5T,
AR TIE H ,K -ATPase O K -pNPPase M 2MERIGOKR Y VEBILDOIEREL
L. =7+ L vid K -pNPPase EH 2#MH LD T (ICs2=0.09uM), BRODRK
DUBIERT T RBEETBZZ NS, LR FITC & H K -ATPase @
ATP RERMABIEARESTZ2HATO—T T (THDHA 518 BOYY VE
H), BEROIVI7A4A—YarvEIHE-STEORKBENELT B, T,
K & FITC OH KB EZHDEHEE. COHDIIEERD B »5 Ek A0V
TIARXA—YavEAIIABT R, 27V VOB ENHLEDT
(ICse=0.33 M), H' ,K"-ATPase M Ei 76 EKk "D 74 A—>arvEi%
BHE T2 enREhk 7L YD H K -ATPase WS/ RIGHFIRXTT
ZIEFRE2IW DIT OFTAETCHH I, ChesDEFERSANVE R Y VENEE
LTWwdZeMrahiz. BAOERHEAED S, XXOBHRRIGICH § 5
DNEREZLUTOL S >7. K -pNPPase (ICse=0.09uM) > 1) Bt &FE
B (1Cs2=0.25uM) 2 I 7+ A—YaryEI (Ei—>EK; 1Cs0=0.33uM). Zh
SOF/R»PS, =7V VR FLHEROK ) VBIEX Ty 72 % L CERZM
HFIB2Z LB~ (Fig. 11). LA LERMS, ZOMREREHIEIX O
N IVE (Y v BIEDOHZIEH )2 BXT HK4001 (VU BIEDOH % HH )
W RIERD o=
ITELVVIREGHNEELER BIRIEROBRE) TREELEZ TRV,
BRUIURTIAL KDY UNIDR)NVE RYNVBERIGT 32220, Hb, (LFH
BFOA VLV FVOVENBREAICLOVERL, L/ —Z V7 4 KD
Xh3 (Fig. 12)22 20, T7L LY RRYZIVAIK - HERZhRVWY —F
ABXRYIVINVERVWEER (pH 7.4) T K K&EMH ATPase FHHZHHF L, 20
ME X DIT CcRHEEhAE. UEOHEEH»S, = 7L v idH#E pH T H K -
ATPase DA )bt KU NVBIRKET BN RINE ARATSV-NVIZEEAD
BHE{LEE 7o b bXh, EHEORNVT 2+ 3 RIZE{L#E, H K -ATPase

_23_
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Fig. 11. Proposed inhibition points of ebselen (*) in the reaction cycles of
H',K'-ATPase. Proton was omitted in the reaction cycle for simplicity.
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Fig. 12. The reduction and oxidation of ebselen proposed by Fischer and

Dereu (reference 20).
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DYATAVEREEZEM TS 25477270 =DFAIE H K -ATPase @V v
BETHGESRZHH T30, RYVBEARZOH LZWL. -, #2735
V-V BEETHLERODI Y 74 A —Yavid B RBUIRELRLEIN S0, B
2T, T7EL VO H ,K-ATPase HIHERIE AR TSV -V EeDPRBRDERST
W7,

UE, =7V Vi H K -ATPase OBARETH IR Y v BILAEZE M
HILUTHREZEEITLSCLMELI &R .




JR—

SR

=5
AVIAT—VMARNSI VAT I IUZADSD BB ERMEER
B (GSM06 B X UF GSM10) OB iIB L T* GSMO6 Ml % /) — )
EEIINTEITEL >OMR

1. ¥

BHEEEEEERIIESY VN VE, PCH BEESOPETF2ELEL, B8
DPDRTYVEOHRBEFILSBHBEEZREBLTINDH® 42586588 I yvitro @
BRNEMNERER IHREEORITCERARZET VERD S 3. LrL, BEN
MEZRF LU EAENBELERBEERB I T ZO MO B RERO MK L OR
HEREZV. EXNFHBEERONRERIELRES AT NS 20 200
se i3 UL, ChHOERRAIBBEOMR BRI N -EEERAT
BB, ThoOMROBEES L TCFENMEIRAMOERI AR, —7,
BEASS P OHMMELR OELLMRKIZIHBRIIA TV, EXMERERA
Z OWEE TR/ T HEE R SN G vE R A Syag g gl

EE, BROBEZRF LTI HREBIOZD I SV40 large T HFER
ZFMAWVWSLhT WS 92. 139 X5z BEBIHRRERK tsSV40
large T MERGEZFEZBALEINS VA z=Zw I IO IZRAWVWT, E40MK
BB ®E I TWwWB. LART, Yanai &1'¢' 142> & pSVtsA58 BA NSV R Y
TZVIRVADPSHBLIUBOMBEKEZRIL L. 7=, H-2K°-tsA58 B A b
FSVRIzZw I XEEAWNWT, Whitehead 5138 3/NB B X VKB O M KBk
%Z, Chambers &6'* IHBMROMRKEBILE. AHARTIE, £HENB X
UEHZNFARCERARBEEBELEED in vitro ESNV2BITI3ENTERE
TV, pSVtsAS8 BA RS U ATV v IR URADSERBEEZEFLE 2 @88
(GSM06 B K TF GSM10) O ARFE(L B R E R KRR OB ICRI Lz, T 51T,
7RV VOBHBREBHHERAEFE EHS»ICT SEHK T, GSHO6 MDD ¥
I VREIIRTIEREOHMRERE L.

2. ERMEBIUCHE

1) ERME

70+ —¥ E INFANE (EH), TAAN—FPREEEXXRIIY - FTuvFxrv
v (E®), MY 7> >ix Difco # (Ann Arbor, MI, USA), DME/F12 ¥Zith, ~
ZYYVvBLIUERA MV T b A Y i Gibeo t (Grand Island, NY, USA), 7
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AT U B, avharmAmvy k& (Cond)s ITES (2 mg/lA > Yab2, 2 ng/
I by S YR T7.=0y, 0122 ug/l. 22D TR BT .14 né/l. Bz
BFTrMUDA), 6CANVEKRZFIINALVEAL VYV IPEMNFIAFINZZATIN
(BCECF-AM) BL U YU X ERBKERTF (EGF) EMAMEI»OSKELBA LE.
SV40 large T fiFE Bz Flcxf$2 €/ 70—+ )vifk (Ab-1) {& Oncogene
Science #t (Uniondale, NY, USA), a5 —%>% A 7 INiX Nitta Gelatin %t
(KFR), FITC XNV Y X~ X 1g6 & Cappel #t (Durham, NC, USA), &—
ATT4¥aRVAFTY—¥ (HRP) EHEN (KR) L h&L£FE. CHO-KI
MRIIAKEAKRE (KR) XD AFULE BR4MmFE (FBS, Gibco ) EXEMART
ICARE(E LR (56°C, 30 min). B H*,K -ATPase I $23E./ 7u—F VK
HK4001° '2% 1280 QIO (FILENEMNKE, XER, BWl) LbEEZH
Ve?

2) BERBZM SV40 large T HIEREZFHARNSI VA Iz =Zv I 2T ZDER
AVIY—VBANSUYZATYzZw ey RIE tsSV40 large T HiE RIZF
DNA (pSVtsA58) @ BamHI DNA 754 X~ h#% C57BL/6 v X (HEXF¥—I X
DIN—) OZHEWORIBZICEALTERLE" Y. ohbS 2Tz
IR ZBEEY 4 BEBZERICRET S, TOENEOKES L CKTEIE
ZEREL, ThoNFRETEL®E 12 ARTRTETS"'Y. KbSv 2TV
VIIIZADR R TI2DI, BOMNSI VAV wIRIADLHEFER
MU, DANWVEKESATOIIOIMFLABAZERZITRoE. S UAT 2w

v, K4 ARE RBRICESSITHETCREAL L

3) BB 8%

TUXEREMEBEMRAOES I Schepp 56'°7 VLRI Z v NTITR-EFEZ
MRUTEWBLE BB, MSUYRAYzowIIUR (8~12 HEh) Z2x—F )
METICTHERABIEZE, B2HEEEK BRAZEHEREKCHRSFLE. B&LD
WS E2YBR L, BOARMAR A LI ERE®, ZOAMICK 0.5 nl O
@B A (0.5 nM NaH2PO., 1 mM Na2HPO., 20 mM NaHCOs, 70 mM NaCl, 5 mM
KCl, 11 mM glucose, 2 mM Na:EDTA, 20 mM BSA and 50 mM Hepes-NaOH (pH
T4)) Z3A L, REBZ2MERLE REEZEB®B A BT 30 SHEE AR
(95% 02-5% C0.) R TFTWIEBHERL (37°C), BHEXM|UTHER UEEZT
ol R, 0.2 7ur—¥F¥E2ELBW B (BW A O NaEDTA ofbb i
1 oM CaCle 8K 1.5 mM MgCle ZE&HMULZ) FT 15 PRHIEEHZAEXT ICHE
HGERL (37C), BREXMUTCZOEMEZEIC 2 EMEDELE BEifilz

._27_




J—

Wi C (BSA #E% 1ng/ml W33UNTEM® A LREUCHER) T 3 @HEFRL

(50 x g, 5 min), HILEEZEOBWE. 5 KOy 2H 6 10" EULEDO B
EHlEXESN, TOMEIEOEEFERIT 0¥ UETH-77= (MUNYTIV—HE
B E).

4) MRAERE X CHEBEE ORI

B E KB MR & 2% FBS, 1% ITES, 10 ng/ml EGF, 100 units/ml "= VU Y,
100ug/ml ARV 7 h2A4 YV BLE 25ug/ml PYETYSY B EF
DME/F12 I & L, 25— VM HEF 1+ >~ 2 (Corning #, NY, USA) LH X,
& 5% KEBHZAERBFT 24 FEAKZEL (37 °C), TOH, &E%: 33 °C
FTFCRARBROFRUTTERLE SEXEME LTIV IV VY MNIRDSEE E,
MELE 0.25%5 PUTZYUB LT 0.02% Na2EDTA 28 ¢ 0.1 M VVBEHEER
W (MU 7> 2-EDTA) M@ (37°C) TR LA EEMIEFICEAE L MHEF
M EBRET 2D, T4 ZAN—F (25 U/nl) % 24 BRAEMMBICHEML &
BRI, MEFMBEERDRBRVWASERE IO —FERECLID IO -V T L
=20, Hib, 40 HOMBZEZER 6ecn DT 4o THEEL, | HOMEY» &Y
MLAEAIJOU=_—%2XF7 Y VLZAMOY) V¥ — (EX: 10 om, A%E: 6 non) ZA L
a#MLE COVu—=vJ% 2 EHiTL, MlakEHI UL SHIZHERIE,
10% FBS, 1% ITES B X 10 ng/ml EGF &% DME/F12 SEHiicM& L, HI@E 5%
KB X ERBR TR UL (33, 37T £/ 39C). BYUNIEORE, X7
SUEMB LT H K -ATPase RHEERTIX, MRRZ2I 7V MNIRZET
LR CREEL (33°C), TELTESHIZ 39°CT 3 HEEZEEL .

5) Ml B ER
M (4 X 100 @) 25—V VIV UBER 6cn DT 4 Y2 IZEE, b
V7Y U-EDTA METHMiEZEIR L, AKX Z2ORFIBRTCHE L -.

6) By NI EDOHEBELFE

BABMBICIEEREBERS LCAMIEO 2 BROBY VN HE LML
FETZHY. B4 S BEORRZEY N VEALGEEAVE. PAS BLU
% Con A-HRP R EEMEMERB L UVIMREEETIBY NIV EZRE
$52. —%, WA Con-HRP L BEIMKRELEBSY VN IVEOHERETZ Y.
M2k E, AIRHOEH Y ZBEMBEAETC S 3 BROREBEORRMY
ZHE L. PAS EIZBWT, MlR%E I-F¥ /=54 K¥ 52 (Nunc
ft, Naperville, Denmark) TIE®EL, 10%¥ ")) > T 3 BHMEEE (4°C),
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BWEICH T PAS L ~6. Con A-HRP R®IZLIFTDH &2 K > TEHE
L. His, lAZ I-F¥y U N—X54 KT TERL, AV A1# (=%
J=lv:rman 74 A KEE=6:3:1) T—BREIFE LR (4°C). IE Con A-HRP ¥
BWT, BEgXh=Miaxt bAk#E/KT 3 E&HKFL, 0.1% Con A # [0.1 M 1
VEEHEEAE® (PBS) CAM] T 30 S UFaxA bLE (25C). X
iz, Mfd%z PBS TH® L, PBS IZHM L~ 0.0005% HRP T 30 SR ¥ ax
A4 hU7Z%Z (25°C). PBS T 3 EHhE®E, MH%E 0.03% 3,3 -diaminobenzidine
tetrahydrochloride 38 & 0.015% BE{LAKREZ S L 50 oM Tris—HRBEHHE
(pH 7.4) T 2 SREAMEL (25°C), bE/KEKTHFE L~ MAE Con A-HRP %I
BWT, BExh-#iez 1¥ @3 VKRBT 60 FME{L (25°C), LKEKT
FFE®, 1% NaoHPO WAL 0.2% KR{EFOERF MU TALATERTL (25°C,
2 min), BIEHMVT IR Con A-HRP R AL RKROBEEZIT R .

) RTZYVEHEOHE

MR (1 x 10" f) 2% 3 ml @ PBS IZM& L, VWaring 7L V¥ —
(Physcotron, HEEHENBERRIER, TH) ¢ 1 4MFsEYFA I LE @R
FEIRAPMORT Y UFEMHIE Anson 52 OFEICHE U THEL .

8) B H',K -ATPase DR BZHMELE

Mz I-FY > NN—XF3A4 KTSXTEEL, T /—)VT 15 WHBEEE
(25°C), B H',K -ATPase X3 BF /70— F)V#fk HK4001 2R W T RBEL
éé L/fil 28).

9) large T ME D RBHERLEF

MiaZ 1-F» U )N—=AS54 RYISAT 3 HEEZEL (33 £/ 39°C), Mt
ftx% ) —)VBEW (=% — )V BEE=95:5) T 20 SREEE® (-20°C), 1% BSA
&% PBS LERBT 60 A Fa~xA ML PBS (1% BSA SH) LARLE
fi large T itk (0.2u¢g/ml) MR % 24 B4 > Fa x4 hLAE (4°C).
X510z, 1% BSA &4 PBS &M L~ FITC S~V (10ug/nl) &MiEZ
24 B4 % a~xA4 hLE (4°C). BEEOMTHEILZ PBS T 5 EIEHFL -
FITC O A IIHNEAMB (BH-2, AV N, HFE) THEL -

10) GSM0O6 MBI D IZ MR H
GSMO6 #fE (1.6 x 10° cells/cm?) &, B REZWEb, 1% ITES, 10 ng/
ml EGF B L F 10% FBS %0 Daigo's T B L, ME 5% REH AIZEES
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IS -V VMESRT 1, 3 £-1F 9 BREE|EL A (33°C). BE#ix 1 HB
SXMULE REXEMIIBT2MREEOHS, GSMO6 F/=1F CHO-K1 Mha
(5 x 10° cells/cm®) ZEREXIEZH (0.3% agar, 1% ITES, 10 ng/ml EGF B LT
10% FBS Z& & DME/F12 $Eith) WM&B L, REXEHOEXAEZ 0.5% T Lk
$EE7 - —BLECEHE, ME ¥ KBAXEREPTEL 33 21 371C
THREELE 3 HEME Ju-—-—HEBEMETICHEL =

11) % & & B o

GSMO6 ML (1.6 x 10° cells/cm®) % 1% ITES, 10 ng/ml EGF B X T* 10%
FBS # &3 DME/F12 FEHIIZE&BL, 25— VM E 25 cn®? 74 >a¥HT 2 H
E®LU~E (33°C). EH WX (C57BL/6) BLXUAYITIY—VBANT VAT
TZw YR HEROBEKBROASERERIIETLOFEICE > THRL
7. BEEMMK (1.6 x 10° cells/cm?) % 1% ITES, 10 ng/ml EGF, 10% FBS,
100 units/ml "=V >, 100ug/ml XMLV T oA YU BLE 25ug/ml 7V
"F VY B ZE&EL DME/F12 EHMICMBL, 25—V UM ET +>aHhT 2 B
ERLUE (33C; EXYROMBEOFAE 37C). Tk, HREZ2EEZL,
¥AYPL & (Merck #t, Darmstadt, Germany) %, S &M EZHEMFE T ICHE L
e

12) GSMO6 MAL D REFHEE

EEFFIEAEFEEF LA VAEAHEANBEEICB VT, GSM06 Ml z& 4o
ST UVAREEEFHREMEA Y S A7V — b (E®&E: 13 nn, Nisshin EM %,
BiE) 23 2-F+)N—XF54 KJ S5 (Nunc %) TEELEL. MHE2% PBS
BB LUE 258 YV Z V7 VT e KCEEHE (4°C, 2 h), PBS T 3 EFHE®HEL
(4°C), 1% AXIVALET 30 SEMELE (4°C). BLROY VY TIVIEIEEETF
SAGH#E (S-2460N, HIZ, HMF; ME/E: 20 kV) FALA X EATFHRMHE (H-
800, Hir; MEEE: 75 kV) THE L. MO PAS ik, LEHFEICRE-
TERLU .

13) GSMO6 MDD LR EBKIENOHE

GSMO6 #ifa % 6 7Tz 7L — b (FALCONR, Becton Dickinson #t, Lincoln
Park, NJ, USA) a5 - V¥4 7N O EMEEEES > — 1~ (Cycloporef
membrane, E&E: 25 mm, R 7Y 4 X: 3.0umn, FALCON®; Fig. 13) TIE&EL .
BMrOB®UPM&E, (Y — % Daigo's T BT | EEHKFL, 6 NIEET
L—hIZEE® BEAW (19— bOAME) IZ 2 nl Daigo's T BB LT
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: ¥ GSMO6 cells
apical chambcr] L
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| filter plus
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BTRAN

yasal chambe

Fig. 13. Schematic illustration of culture of GSMO6 cells in cell-culture—
insert.

BEREM (41— bMOARM) 2 1 nl ORBHMEGRMLE. BEAQB X UCER
OO FEREBEBKIESIE Millicell BKEH S X5 A (Millipore #t,
Bedford, MA, USA) ZHAWTHIE L /.

14) GSMO06 MK PGE. B L T 6-keto PGFio DHEE

MBEZ 25 cm® R MV THEESE, Daigo's T BT 2 HFKF LA Mz
Daigo's T i C®BIEEE (37°C, 30 min), = (7,000 x g, 3 min) IZ &
hE#FzERIRUAE EFEHD PGE: B XU 6-keto-PGFi. E& % PGE: BL U
6-keto-PGF1a EIA % w b (Cayman Chemical #, Ann Arbor, MI, USA) THIZEL
7=. PGE2 ¥ v bIX 6-keto-PGFia & < 0.01%, 6-keto-PGF.a F w bI& PGE: &
0.92% OXERIEHEZTT.

15) GSM06 MDD =¥ /- VEFEOFEB LTy /- VRS, ARIER
BE A plT LRNVIERTZ2T LV VOER

T ) —-VickZMAEEEITHEALER 2,7 -bis(carboxyethyl) carboxy-
fluorescein (BCECF) ZRHW T TR/~ "%, MM IZ BCECF ZHWMhAFH
B0z, HMBEEREEZ2AE 35 BCECF-AM (FEHXEME) A \W/=. BCECF-AM
MR A TEBERIC LD BCECF (EBEAMHXME) CMAKIEEh D, GSM06 M
Mizas—y o®E 96 /IEEZ L — b (Corning) THEFE L, Daigo's T FHMT
| E&EH, 10uM BCECF-AM %2 & Daigo's T HEHIT 40 SRIEEL =
(37°C). S~XNVEh/MIE%E Daigo's T {HMT 3 EEHFEL, 7.5~17.5% =%
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J—=NVZaL Daigo's T B TA o Fa~xA bMLAE (37°C). 15 o, L#Ezn[E
LU, T6IICMAd%Z 0.5% polyoxyethylene octylphenyl ether (Triton® X-
100) 25 Daigo's T B CTH B LA Y7V % 50 o KEETR
(pH 9.0) T 5 fEHFRL, BIEFKE 485 nn, HNEKE 538 nn T BCECF D EH
WEEHKEZTL— M) —4— (Titertek® Fluoroskan II, Flow Laboratories
#t, McLean, VA, USA) THIE L/ MEEFH (cytotoxicity ¥) BUTORI
o THHELE.

CytOtOXlClty (%): Fsuper i Fspon X 100

Fsuoer +Fcall _FSDOH

Fsuoer: EEDHNME, Fsoon: MMEE (Daigo's T MO A) EHFDHNKM
B, Feorr: MRRPOHEKKE.

ITEVY (ZF ) —VICER;, RBE 0.5%) x5/ - )VRAD 10 FHI
Eic&EmL, 37°C TA vFa~xA b LA

BEEEERE 2 plT LXIVOFEERIZBWT, GSH6 lRZa5— 7>
MER MV (25 cm?) THREEL, 15% =4 — )2 &E Daigo's T BT
15 A Fa~xA bE (37°C), XKBEHEREKT 2 EEFLE BRUEHR
ZHESTDHE, BLAOY VTNV CEHEGBEKRKEZRML, 770 8ETY A
P—THREIFAXULE U7 VHOBBRLIEERIE Ohkawva 5D G & 1T
WoTHEL~. pLT Z2HET R L E, 29 ) - VOUBRZHBLEZADY Y T
% Daigo's T M T 15 FEMBER L= (37°C). R, FEEFZENL
(1,400 x g, 10 min), b9 ic##% L7~ pLT ®% pLT EIA ¥ v b (Amershanm
Japan #t) THELE. YU T7NVOY NI BEIE Lowry 65D FESS T8 LT
#E L7

16) MEFFDIT L VEBEOHE

In vitro OEBRTCHWAZ 7LV BE2HBETI2EHN T, XERETY R
BIFam@FLLVEHELE. 0.5% CHC KBRBRICBBLEZ 7L Y (10,
30 £721% 100 mg/kg) 2w RICEOHRS L, 30, 45, 60 /=1 120 HEER
RK#k>roRMmM LA ME»SOEL245HE OFFOLL VERMEBEBEE2ET
WAk EHTHEL, =TV VEBEE LS.

17) #HEtoE
HRIZTEY +imsm2E (S.E.M.) ToRUE HIFFENMHTIE Dunnett OZFELE
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REZHAWVWTITWYL, P ED 0.05 UTZ2EXEZRFD LHUEL -

3. #HR

1) S URIx=2w I 22056 0E KM LK EMR&K ORI

I YRATVzzow IRV ZDOE®RBBREEZT70F—¥ £ THIEL, BTohiE
HEREIS -V UNMET 2 TEELE 24 REAOEEE (37C), —%OD
MIIET s YaRBEICEEL, Ju=_—2FERLE. CORATHEEEHOMNR
IRELE BEMHOMRIEIFVWEEMEZSRL, 2~3 HRFIZIVYIZNVZ VYV ME)
LAY —%2FEBLE LPLERMXS, ZTO&RMBIZEMLURZLo2D, ¥ 6 HM
EHRIIBCHEMEEZRL, IV VIV MNEI VAV —2FERTAET ML
. BEERERFOBEFHEROBEI T AN—EBAEILIDEL2IIRES A,
Bo-MlEZ 6~8 BI»IFT ocu=—FHR&ET 2 ®@Yu—=F LA 3 H
DEBRZEZEML, 2 BEOMEHK (GSM06 B X - GSM10) ZBILLE. Zhed
MRRET a2 EHICEELUTCHEMEL, BEMREEFT LRSS, a7V b
E/)VAY—REHTZETHEM UL (Fig. 14). 7=, GSM06 B X GSMI0 #
REIMN) 7YV 2AVEZEHOSKERT | FULERTE, COMMROERE

BIUHBEBERIEIELLRYP .

; RPN s
e ¥, AU @B N

Fig. 14. Photomicrographs of two established gastric mucosal surface
mucous cell lines. Culture of GSMO06 cells in a collagen—coated dish on day
3 (A: x100, C: x500). Culture of GSM10 cells in a collagen—coated dish on
day 3 (B: x100, D: x500). The cells proliferated while attached to the
collagen—coated dish and grew until confluent monolayers were formed.
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2) GSMO6 B X TF GSM10 MR oD [ E

GSM06 B L TF GSM10 MM 33°C TV NIV MEI LAY —2FERTE2E
THEEL, X612 39°C T 3 HMEEELE GHERIERREICKHEEZEHEL,
ZTNO6IZEEh2ESY U N7EIE PAS BLI A Con A-HRP REEM TH - =
7%, A Con A-HRP $&IZIIBEMHTH o5~ (Fig.15). —F4, 33C BWwWTav
IV MNEIVAV DRI BRI, MEAIKC PAS BBHBERKIIBEEI QL
P, MRRECKHBEBIEEI AR~ (BRRET). £ ZhsoMiai
RT7YVEHEEFEXT, H,K -ATPase ORBRLB DS xho= (KRR T).
LDEDEEDI S/ SN GSMO6 B L GSMI0 M IEBEHBEEB B MM B X T
HOHEME, FHRE-ZAIEMRBAEXTEIRVWIEDNHELLER .

Fig. 15. Staining of GSM06 and GSM10 cells by PAS (periodic acid—Schiff)

and concanavalin A (Con A)-horseradish peroxidase (HRP). The cells were

cultured on a l-chamber slide at 33 °C until confluent monolayers were
made, and this was followed by culture at 39°C for 3 days. PAS staining of
GSMO06 (A, x30) and GSM10 cells (B, x30). The mucous sheets on the cell
surface are stained red. Class I Con A-HRP staining of GSM06 (C, x30) and
GSM10 cells (D, x30). The mucous sheets on the cell surface are stained
light brown. ClassIll Con A-HRP staining of GSM06 (E, x30) and GSM10 cells

(F, x30). The mucous sheets on the cell surface were not stained.




3) MIROEMMEB L large T HEORE

GSMO6 B L TF GSM10 MDA MEZE 33 (FAEBEE), 37 (FHEE) BL U
39°C (FFHBEE) TH . GSM06 MALIX 33 BL 37°C CTHEAML, Z{LE
id% 29 REITH-77~. —F, 39°C B WT GSMO6 MR ITEMMEZ R b
oY, BEEBEZEZHT 33°C W T3¢ EMMIFRELYES>hEIELE (Fig.
16). ZOMRDS, GSH6 MROBERIHEHMIITHEMETCH I LHRB IO
7=. GSMO6 M@ large T X 33°C B W THHIZEDS A=, 39°C T
FHEELE (Fig. 17). ZhEB S TRHRESYUNIVEOEHODEDLEEZ SN
5. ®oT, COMBOBEEKEMHEMIE tsSV40 large T AEDEAHICE S L
TW3. —7%, GSMI0 RRBZ L TOERBERH T ML, MREMEILERITH 39
BRI T H o7 (Fig. 16). GSM10 MIOBE, T HEWR 33 LT 39°C THRBE
UZ (Fig. 17). GSM10 Ml ZREFFBEB THMT 2rrBES TRV, M
ROARTEAE T HECIERICLZEEZ2 SN 3.

7
10 107
" B
10 1054
5 €
= 1054 8
2 31079
)
104¢ .
10
“ iw
39C — 33C
10° . T T T . { 3
0 2 4 6 8 10 12 10

0 2 4 6 8 10 12

Culture days
= y Culture days

Fig. 16. Cell growth of GSM06 (A) and GSM10 (B) under different
temperature conditions. The cells (4 x 10°) were cultured in a 6 cm
collagen—coated plastic culture dish at 33, 37 or 39 °C, harvested by
trypsin—-EDTA treatment and the number of cells was counted using a
hematocytometer. Open circles: at 33 °C, closed circles: at 37 °C, open
triangles: at 39°C. Closed triangle with an arrow: the temperature was

lowered from 39°C to 33°C on day 6. The data represents the mean of

results from two dishes.




Fig. 17. Large T-antigen expression at the permissive and nonpermissive
temperatures in GSMO06 and GSM10. The cells were cultured on a
l-chamber slide at 33 or 39°C for 3 days. The fixed cells were incubated
with monoclonal antibody against large T-antigen for 24 h at 4 °C, and
FITC-labeled goat anti-mouse IgG was introduced to the cells for 24 h at 4
°C. Culture at 33°Cin GSMO06 (A, x120) and GSM10 cells (C, x120). Culture at
39 C in GSMO06 (B, x120) and GSM10 cells (D, x120). The large T—antigen is
expressed (green color) in the nuclei of almost all GSMO06 cells at 33°C but
not at 39°C. In contrast, in GSM10 cells the antigen is expressed at both

permissive and nonpermissive temperatures.

4) GSMO6 MO REME L TR EKRFT

CHO-K1 (FEf#Ea > ro—J)) B LY GSH06 M AR BEXEH P TERLELE,
CHO-K1 MRz au=——FEmMEEZR LD, GSMO6 MIRIZEDEMZRIRD -
= (HRTRET).
EEBEVYRABITIN S VIRV 2w /I AHKXROBEHBNREREROLE
tRE1E 2n=38-43 T, EWHOLEHEY (?VXDHFE 2n=40) 25 L L 7,

GSMO6 RO R EEEIT—FE TR, BLESSHL, EHXOMHEZRIRZPOE
(Fig. 18).

5) GSMO6 o % Fd 3% 74
GSMO6 #FY (1.6 x 10° cells/cm®) % Daigo's T i< 1, 3 £&i&E 9 H
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Cell number
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35404143505368697071727374757677787980618687889192101
Chromosome number

Fig. 18. Distribution of chromosome numbers in GSM06 cells. GSMO06 cells
(1.6 x 10° cells/cm®) were cultured in a collagen—coated 50-cm? culture
dish at 33°C for 24 h, and each chromosome number of the cell (total cell
number: 50) was observed.

MEELELEOMBEBIE, &4 1.331£0.04, 1.38+0.06 BL T 2.76 +

0.19 x 10° cells/cm® TH-o7~=. E¥ I HEHOMEKIE | HEHOKH 2 &1
il 7= (Table 8). ZOOMMKIZER 9 HETCa Y7V MIZEL, FhUUBEME
RBOEMEIBBIhkhbok (BRRXT).

6) GSMO6 # R D 2 RE F K # 58

EEEFHRMHEEZA VT GSHI6 MIRROMRRAOELZERKICHELE. 1B
% 1 HEH, WRMEMERZIEFEL, SRRECHBEEMERRENESCIED SNk
& 3 BLU 9 HE, MKRMMEREHEE LHERHEEEZSY S MickD, MR
HICHMHEERRENEICBHB I~ (Fig. 19). &, B%X I HEICB I 2HK
DEABFREBRICL 288 2T-o- HRBIIIEERSBLTCFREEHRD
FEVBEAI L, EERECEK IPIVRV7, JVJERIMRATCEFERE
OEWKBBEHRXED 5N/ (Fig. 20). 7=, EEEFREMFECOBBLEL
ERFHIIBNWT, MRREIC PAS BEMRBESY N VEDERREHRBHICEKELT
WU~ (Fig. 21). ChoOH#EDL S, MERACHEIWIBMERRE L
BEYUNIVENEENDITEENTIRE .
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Fig. 19. Scanning electron microscopy of GSMO06 cell surface. GSM06 cells
(1.6 x 10® cells/cm®) were cultured in a collagen type IV precoated
scanning electron microscope glass plate in a 21-cm® dish at 33°C for 1, 3,
or 9 days. The cells were fixed in 2.5% glutalaldehyde buffered in 0.1 M
phosphate at 4 °C, and treated with SEM standard method. (A-C) Low
magnification: on day 1 (A), day 3 (B), or day 9 (C). (D-F) High

magnification on day 1 (D), day 3 (E), or day 9 (F). On day 1, interstices

among the cells still remained and the cells formed the scattered
distribution of microvillus—-like components on the cell surface. On days 3
and 9, all cells were almost tightly adhesive and the cells formed the

diffused distribution of microvillus-like components. Bar=5 x m.
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Table 8. Effects of culture periods on the cell growth and transepithelial
resistance (TER) in GSMO06 cells.

Culture periods Cell number TER
(days) (x 10° cells/cm?<) (Q /cm?®)
il 1.33 £ 0.04 21 +4.6
1238 EMON06 88 + 12 *
2.76 * 0.19 * 794 + 37 *

The cells (1.6 x 10° cells/cm?®) were cultured in a collagen—coated culture bottle
or cell culture insert at 33°C for 1, 3 or 9 days. The cell number was counted
using a hematocytometer. The transepithelial resistance between apical and
basolateral side was measured by using Millicell electrical resistance system.
Values represent the means + S.E.M. of 6 experiments. ¥, P<0.01 vs. day 1

(Dunnett’s multiple comparison test).

7) GSMO6 Ml LEBEBKIEMOAE

GSMO6 Ml = MifIIE RS > U — P TREBLALE, LEBEEBRERIRHAEKE
MlicEmu, X 1, 3 BLY 9 HETEA 211+4.6, 88212 BX U 794+ 37
Q/cm® T#H o/~ (Table 8).

8) GSMO6 i@ PG &4

GSMO6 MAI D PGE. WEEM 3tz 1, 3 BLC 9 HEHTRA 546+ 114, 255+
29 BL - 261+32 ng/10% cells/30 min THo7=. GSM0O6 HAK D 6-keto
PGF,, MREMIIITE 1, 3 BLY I HETHR A 15.9+0.95, 16.5£1.1 BL T
28.6+2.1 ng/10% cells/30 min %/~ L/= (Table 9). PGE. LX) IIE® 1| H
Bz UTER 3 BLUF I HETCRERIZH D LED, b-keto PGFis L XIVIZ
1 HHICRLUTHE®R I HEHICAXICEMU . /&, PGE: LX)V 6-keto
PGF1o LRIV EDHEIZED - .

9) GSMO6 MifED T ¥ v — )iz L M fEH

EE 1 HEIBWT, 1.5~17.5% D%/ — ViBREBREN ICHEREEZX
BLE —F EXE3IBIUC IHETRIY ) -V irMREENERCH
gg L7~ (Fig. 22).
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Fig. 22. Effects of culture periods on the cytotoxicity induced by ethanol
in GSMO06 cells. The cells were cultured on a 96—well culture plate at 33°C
for 1, 3, or 9 days, and incubated with 10 4 M of 6—carboxyfluorescein
diacethoxymethyl ester (BCECF-AM) at 37 °C for 40 min. Thereafter,
ethanol solutions (7.5% to 17.5%) were added to the culture medium and
incubated at 37 °C for 15 min. The fluorescence intensity of
2’,7-bis(carboxyethyl) carboxyfluorescein (BCECF) was measured (EX: 485
nm, EM: 538 nm). The cytotoxicity (%) was calculated as described in
"MATERIALS AND METHODS." Open circles, day 1; closed circles, day 3;
open triangles, day 9. Each figure represents the mean *+ S.E.M. for 10
wells. *: P<0.01 vs. day 1; #: P<0.01 vs. day 3 (Dunnett’s multiple
comparison test).
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Fig. 23. Serum ebselen levels after a single oral administration. Blood
samples were withdrawn from the abdominal vein under ether anesthesia
30, 45, 60 and 120 min after oral treatment with ebselen at a dose of 10
(O), 30 (@) or 100 (A) mg/kg.

Table 9. Effects of culture periods on production of prostaglandins in GSMO06
cells.

Culture periods Prostaglandin (ng/10° cells/30 min)
(days) PGEz 6—keto PGF i«
1 546 + 114 15.9 + 0.95
255 + 29% Gt 1Lk
9 261 + 32% 28.6 + 2.1%

The cells (1.6 x 10° cells/cm®) were cultured in a collagen—coated culture bottle
at 33°C for 1, 3 or 9 days. The cells were incubated with a gentle shaking at 37
°C for 30 min. The amount of PGEz or 6—keto PGF;. in the fluid obtained was
measured with a PGEz or 6—keto PGF:. enzyme immuno assay kit, respectively.
Values represent the means * S.E.M. of 6 experiments. ¥, P<0.01 vs. day 1
(Dunnett’s multiple comparison test).




10) MFHFOT7LL VEBOHE

7+ LY (10, 30 BL” 100 ng/kg) OEEMEORE LI D ZOMBFFRE
NABRKENIZER LA ARES5D 30 2% (24— )VESRKICHEY) B
JAMEFRRBE, 10, 30 BXT 100 mg/kg TR 4L 3.8, 9.0 BLT 20.1uM
THor= (Fig. 23). Fh®WR, 0.1 56 100uM O7ELVBRE% in
vitro EBOBEE L X)LV & LU TEIRL =

100
9
o 75 g
g o ; *
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Fig. 24. Effect of ebselen on the cytotoxicity of GSM06 cells induced by 15%
ethanol. Experiment was made by the same procedure as described in fig.
22. Ebselen was added to 2’,7-bis(carboxyethyl) carboxyfluorescein
(BCECF)-labeled cells 10 min before ethanol (15%) exposure. Each figure
and vertical bar represents the means + S.E.M. for 10 wells. *: P< 0.05 vs.

zero—dose group (vehicle plus ethanol) (Dunnett’s multiple comparison

test).




11) = /- )VEEHMESE, ABLEERE =T plT LXNVIINTZZTEL
YDA

7Ly (10 BLE 100uM) ORIAEIZ=Y /) — )b (15%) I L 2 MlAREE
EEXICHH L, B840 RIT 18 BLK 23% 2L = (Fig. 24). £/, 1
5% T /- VORBIBHELUEHICEXTYH 1.7 SOBRBEEEL <)V (122+
1.1 nmol/100 mg protein) D ERZEEL L/~ ULH»LARISE, XRTW plT L
NNVIEHICRHERA (5 pg/mg protein/15 min) U FTHok. =TTV
(0.1~100uM) ORTMEIX 1ud 5Ty ) —NVIZLZ2BBIELEEL XIVER%E
AREER P OEXIZME Le (Table 10).

Table 10. Effect of ebselen on lipid peroxides and peptidoleukotrienes in GSM06
cells treated with 15% ethanol.

Concentration Lipid peroxides Peptidoleukotrienes
Treatment (uM) (nmol/100 mg protein) (pg/mg protein/15 min)
Vehicle alone 70.3 £ 0.6° < 5.0
Ethanol alone 1220 S=R18] < 5.0
+ ebselen 1 105 =+ 4.6° < 5.0
+ ebselen 10 o) Sas 3= 550
+ ebselen 100 66.2 + 2.9° 5.0

Ebselen was added to the culture medium of GSMO06 cells (1.6 x 10° cells/cm<) 10
min before ethanol exposure, and then incubated for 15 min at 37 °C. Lipid
peroxides in homogenated cells were determined fluorometrically as
thiobarbituric acid-reactive substances, and released peptidoleukotrienes into
the medium were measured by a peptidoleukotriene enzyme immunoassay. The
data represents the means * S.E.M. for 6 bottles. Vehicle alone: 0.5% ethanol
plus Daigo’s T medium, Ethanol alone: 0.5% ethanol plus 15% ethanol in Daigo’s T
medium. ® P<0.01 vs. ethanol alone group (Dunnett’s multiple comparison test).




4. ERLEHE

SV40 VA WAL Z2WHABMMEMORIE(LIE, HIEEZOMBRICHE RN 2H
REEZRBFIE 22140, HFE, BERIHRARLEK tsSV40 large T MER(E
FILLZ2MROARFEMANTRDODN, TORGTENIHFEERE (33°C) TIIEH
EHIDIMEHEDO T ADEKEB (39~40°C) TRHRABICEFEFIZILHEZIhTH
s (P, 2600 4: Bou@ o) S Rl Ll 0 34 WU B,  Balgiie B240500027 S E BN
D EE—D pSVtsA58 BA NS VATV —w IS ALSFELIUTBEOMEK
ZRALU. &=, H-2K°-tsAS8 BA NS VATV w I UREAWVWT /NS,
ABBLIUBRBMBOMBERLLMBETATNWS 128 HIb, tsSV40
large T MERIZFHRARNS VAT 22wy 2 RIE in vitro TREETZDH
HELoWMEROBMIICERAZEMTH 3.

33°C 39°C
Permissive Non-permissive
lemperalure lemperalure
e -
SV4d0isTag
SV40tsTag
Rb
SVAa0isTag
binds p53 and
Rb Rb
L SV401sTag not
functional
Normal growth controls and so cannol bind
subverled pS3 and Rb

! i

Unlimited lilespan
de-differentiation

Cessation of growth

#

Dilferenhiation

Fig. 25. Model of action of tsSV40 large T-antigen gene (SV40tsTag). At the
permissive temperature (33 °C ), SV40tsTag is correctly folded and can
bind both p53 and Retinoblastoma (Rb). However, at the non-permissive
temperature, the protein becomes misfolded and can no longer sequester

Rb and p53, allowing them to function normally (reference 60).




I’ 4L, pSVisAs8 MA RS VAV z=Zw I/ eUANS 2 BEOEMBERLRK
WHEREOBWIICKIILE COMROMREBIOBRESIRERZL, SEOR
ENDOTTHS. P SUVAIYzZwIIUIL6S8 LESEEDAEREMR
X, BHMEEFVWHEREMEEZTL, ChIEXOBMBENAERER L ART
HokPP I U LRMS, ZTOEFBFEBIB VLV THRIIYEMEMEEZ RS
ok, UL, ¥ 6 AMEEEAEEEL, IREa Y7V NE LA
Y—DEBREIh2ETHEMELE ChEiRAKROMREENY -V BELLAL b
SVURAYzZw IRV AHROFBLUBHERKTORIATWS 112, i
SZUEEKE R MR (GSM06 B L UFGSM10) WIS - EH LEER
RELDD, JVINZIVME/IVAY—DEREIIhZ2ETHEMELE 50
MEOEBIIEN SHEMAERMAM - 0 OZhEBBMLTWE Zhb
DRI BB KM LRI PAS BXU IR Con A-HRP R EEMH O
SUNIEEEEL, ISR EEFUWEEZAELTVWD I LMHEGIERS .
MREOEEFWHER, HMREREAERO pH PEHMOEET 7.2 56 7.6 12k
RIBZehromiBEI N~ (Tabuchi 6RERT— ¥ —).

RIZ, HABEBEICBNWT GSH6 MROB L DEMENRBHEH <=, GSMO6 #
MOBEBZHEMIT tsSV40 large T MERGFICLOHB T h, HRIIFD
BEETCOHEMETZ. LrLARAMS, ZORBTTCH VY7V ME/I LA
Y—DEBRI AL E GSM06 MROBMBEIZEEL, COMRBMEOEBLEZIO VY
JhA4vEeEYavyorEHEEIONE EEIVABLITINS VAT v Y
SUZAHEROBKBRERMRORLEEBIIER TH -/, GSM06 M DR
BHRBIEFOHEEZRIRP o~ TROB, HSXEKT, GSMO6 MR XA
BEPIICEEEBR LRI I N REXEHMEAVEERESELXRIIBL
T, GSMO6 MiRREau—-——FHEKERI R oL £, BAETHEHMHFEICL
Z2EEPOHRBIIEERSBLUTTREERZIORSCEHOKREER I D 2L
MPASM LR HREFHOHEDIHZIBOEMR THEI LY, FEHR
BERBORDLEEGEROEENMHBE T2 R4 RERE2E T 2K
CBWTHEB XA TWA28:99.115  GSM06 IO L EBARIIEFOHE 2R
R, MREEEBLIUCESEHSKOMEIEMROZT NS L ERRD LR
e Wy ey TS
WRENZ LI, TV 7 MMV EYaviZEhERAEENAR AL
PAS EEMEDEY U NV EMNERREICHEI O, ZO%ER I HETCEEMEL
RIZBOH SN DL DREW PAS OB MREMICEL ST NE In
vitro fIRERA BV ICHRRACKEENER SNz W) REIRER.
DY XBREHEFOMAEERMATITHEIBAIC PAS BBHOKBENEZHE T 5.
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BRIy NEMBOMAREEMILIT PAS BBHOKMBEEZEAEL, X523k
BWEY UNIVEOEBRBIUDBREFTRIZEDEBREZThTWS*Y, LA
e, ZhoOMBEOMUEEMB L UCBEIBREMMESITIONBETH S

SHEL. SHN2ET)

ML Vb — F 2BV~ GSM06 MIRROEERERIIBWVWT BEEBSIUVEER
AROMIZKBEEI N2 EEBERERIEEBEAOMMICLEALTLERL, B
I HETWRHEBN A LEKESME (B 800 Q/cm?) 2R LA, Zhix, MM
CREEARMNERIhAEALEDEEZIOAE ChETIRLAREBERERD
FEBEREAREORENREIA TS ( XERA¥R MDCK k' ", BE
RiEH % Caco-2 M2, "HXEBRELSHEH K RCCT-280 MR®, 74 BH
% LLC-PK: @S BLUT I ZEAMBELSERMHHRX nIMCD-3 MAa°"’
OEFBEHEITE L 80-100, 170, 250, 400 B L 1,400 Q/cm® & H|EX h
TWw3. -7, GSM06 MieD EFEREKEHEIX LLC-PKi B LT nIMCD-3 4
foZzhiZCEITdeE26N~ BEENB ERMAIC PGE: 8L 6-keto
PGFio B PC MEARMNEET A ENEEZIN TWVS32-58, GSM06 Ml ®
AT ®|E? %8 L ERRIC PGE: BL U 6-keto PGFio ZEE TR EHHEAL
2. EBIL, PCOTVLA-—Y—TH377F KB (100°~10°° M) OFEFA
DML GSHO6 MR 65D PC BEEL <)L Z2F|F I KX/~ (Tabuchi 5RFE
RT—F—). ZhoOHMA,LS, BHBEFEMBEMBRIIBEHMBEICIBITS P6 0E
BRETHIAEMENTREINAE. X512, GSMO6 M) VIEEB L T/NER
FINF_ULVIFUIHEGTIRY NIV ZEEL, ChoDEERIIERR
MickELTHEXRTZ e REI Nz (Dohi 6RERT— ).

GSMO6 MilED T ¥/ — )V MlREFIC A I 2ERBEMOEEEZRAT LA BE |
HE, 7.5-17.5% =% /- )V iIMRAEE2@#EERENICELL, COHEITY
FERBEROMKERRZAVWEEREIZE-B LA 7. —%, GSM06 #
RXMEES U LRBEAENE2ER T 2% 3 BLC I HETCR ZD M
BEIRMICKELTHEBLE ®-oT, T4/ - VHEEZOMH ITKHES X
CERBRBEREREE DR L —BES L TW2LEREZL S ARKEOD
PGE: B LU 16,16-Y X F)V PGE. RBIEBWTHEAORHAR buFuFrr>ay
ERZRET 2%, F/, BHBEIIBIT2 P BOHMIIERENEIC L 24
BEE*EXRICHH T2'22. BIZHS, BED LA GSM6 MEIEL TS
PC N ABEETNVNIEBWTIHR a7 uF o aVyEAZRELTWSE2ED
TR T H B.

ZheDBESED» S, GSMO6 MRIIEMBMR ERKBEER A TI8ELRL
RELTVWHDOT, FEFNBICEEFNICEAREMBELEE® in vitro £
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FThVICRZEeEZENS. X510, COoOMEB2FABALEERAN LI TR
DERHVTHRODATEZLEEFNOBHFIMOEALRRBERLRVEZPE LA
72 4,

FE—BTIE in vivo DRIZBVWT, T 7L UMNIUITY ) - VEMBIEE
ZEERLIIAHL, SEFOOHBFCEEARILS XU plT EEIHERAD
ME5E33zERLE Z 2T GSMOE IRRZAWVWT, =4/ —)ViZk2HE
FEIIRNTRA2ITELVVOMEZ in vitro TR LE. 7LD 10 BLE
100uM B/ — )V ilREEZ2EXICHFHE LA LrLads, ZOHHEIE
BE (100uM) THED 205 THok. In vivo BEL T in vitro B3 37
LU YVOHAHERICENRED O NE ChIEIERFRHB LT Y ) —NVIZL 38
BOEBOECLEEATZ B LARY. T/ - VEEIZELHIYIBEHBORE
HARILBB LT pLT LRUVVERICERTA ZLZHELPIILTWVS (B—8
L M), GSMO6 MRIICBWT, =4 /- VAEZERZ2HMREZ2ENLL, FERIC
BEEEEL XV ZERXHE . Mutoh 578 Boy FBHBAOAEERIIBL
Ty ) - VORBIRBRS VN NVEELEZ2TERL, FESIYHNVELELERE
HFOMIZHBEMNSHZZHSPIZLE. - T, GSMO6 MIRRICBITF 2%
=NV LP2BRBRIEEELXIVOLERE, BESIHNVBELEOEKRFTRI N
AREMNFEZ LIS, TV VORBIEBEELXVOIHIE Llud UMEDOBRE
TERHH5N, HRE (100uM) TREET22AOFTH-~E. —FH, =% -
MEEFICIN UTEKED 100l XEH» 205 OWMF UL REIEZIPoE ZhEED
Xy 720 HNIIHBETZI L IERRVWD, BADHWE in vitro OB S
hERHETECBVWT, HREERECIEEOAREIIMR TEOMDEFHE
E32rBxh3. Fk 7LV LI3MRBENHERODLRLL L —
BIAEOEEARCITHEAPBEELTVWSAEENF X S50 3. (SM06 Mk
@D plT XNV, =4/ -V REBOERICHDOLDS IRHERA (5 pg/mg protein
/15 min) A FTH-ok ZOHRIZ, BHBEREBEBEERM ERBEOD plT HO
FERETRWIEEZRLTWS., 7=, HF, Huber 6% I ELEMET
RS VOEVS =2V A CRZHOHIHMEAZTRERES y NERBIZBIT3
LTB: B LIC: DELRFTEMIATHIZ L ZHREL TV 3.

UEDHEDLPS, =7V viF in vivo IZHIR T in vitro KEWTH ¥
IV LB eURBEHBEMBEEZAF L, TOMEMERODLRILE—FKIC
EEARBCOMBERAMEE TRz e RE k.



#5

EUV VARG I 7L VOBKBEBHHFABFEORT L BB LXK
BHREEORIZENE LTHRZTTL, UTOMREZEE.

@ 7L YOBHARBLIUENBEBHHEAZ2EE Sy hER2EYU R
ETNVERAVWTIRHALE. =7V V5 (30~300 ng/kg) ZHFIRHESY bE
BWoWw, BLUSYMKEHEIMNVZBLUTEZIAED VEKBRESZIF L.
AZFE (10~100 mg/kg) o v MER, Sy N EB—x¥ /) —NVBLUTYUZ2TY
J—VEBHBESLIMELE. T IUIEFTINEBWVT FEOMFERH
O LRLLH—RBICHEEARIES LU plT EXOMFMBEETZ LR h
. ZheDHIR»S, =7V VEERSBBLUBKBEEBSHHEAZEY
52 L DHER L .

® 7L VDE H ,K-ATPase IFIMFE R T2EHKT, BERRIEYT A
VORADORBIZN T BERZRHF LE. =78V VI K -ATPase EM (ICses
0.06uM), UV UEB{LHMI&EREE (1C0=0.25uM), K -pNPPase vEM# (B VU > Bt
ICAHY; ICse=0.09uM) BLUK B 56 E2k ADIVEKA—Y 3B (ICses
0.33uM) ZHMH L AR LZ2Z2hs0HHERAIE DIT B TCIZIETLICH
FEIhE 7LV VIEE H K -ATPase DR )NVE KU NLVEBIZEAL, BROMBK
DU BIEEBEZ2ECHH TR LI ERE2BEETZIZLNHELL LR

@ BERBZIMRAERK tsSV40 large T fiIEREZTHRAINST VAV =Zw Y
TUZALOHMEERFE LB KR R (GSH06 B X TF GSMI0) ORI
WWHERIh U7 &/, GSMO6 IlRZRA WAy /) - VHEEFETVIIH TZT
LU VOBMBERF LA GSMO6 B LT GSMI0 ML MM RE 12 PAS BHEKEHE
BrERT2EBEEEBEMREEALREE . GSH06 MKITEE BTN,

GSM10 MR EEFBRIZHOMBMEMMEZ L =, GSM06 MROLEEXKBIIER
OHBEERIRP D, MEBOHMEHEIEMROZH LIIRR -~ GSH06
RIEEREAICKEL THRREICHMEERRES L PAS BMEKEE 2K L
. MKRBIIAEEESBLIUUFREEMRMEEL 2. GSM06 MAIX PGE: B &
U* 6-keto-PGF1. ZEA L. KflROT Y ) —)VIZ &k 5 HlaREEFMNEITEERRR
KEELTBHEINE ChoDRHRLD, B hk BB R K&K
BArOBEEEELAMBTHD, in vitro KB 2EMBLEEOBEZEITT 2
BRARETINVIEZRZEEZOGNE. 7LV VIE in vitro KBWTHTH ) —
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VICE2MEBEEZOFHL, TOHFHEFABFEOL LR L —WICHEEARLD
mEHEETLI BRI E.

LE, B—Br6=\WETCORRPLSROFKEHREZF~Z. 7LV VIIREBER
ETNVIEBVLWTIERBEBZOH L - BENBLEEEHERKZHILUE
I7ELVVOBMBEGNHERABECHBIEERABIT 5-URFI T+ —EH
HEERICMR T H K -ATPase BHFR B S BWMARHAFIERANHZI L 2BS
Mz L.




EmXOEKBMENELEE, RROBSEZEXA T EIVE LEATLERNER
REZXEFREBETOLEE L CEATRHEOEZRDLZ 7.

EHROEBERROBEEZS A TCVWAELEEFLAEAE —RNERASHERE=
MAFFBEHBE=ZFTEICEBHEB L 7.

KMREEETDICHED, REBY2HERABLCHBEHZVWEREEEZ LE
B-HERRBE-RFIRNAEL, SFEYHARZZESR®EL, LA
XHRE, BAEEL EREMERFAGEHEEL aF - HNEXERE=ZHFRAFTH
MEE—8L, REXEMBEFHFAFEEFIRBEL, XHEHEEL BEX
FEFRPEERAERL, BITEIERERE VY -HRFEEREXETF
Bt, TESEFELICES<HLFLLETE T,

ZRUIBHBIDVWAEALZESFUAE RNERERE=-FRAFNEFHLE, EKETF,
HArEK, KBt VY BEREHER GHRAKBMHRR, gHMEXR HE
EMRR, TE2MHRELVY - BHEHER BRBFTHEOEFRCERSBRHBLZE
¥
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