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Abstract

A newly discovered compound, SM-31900, was shown to be a systemically active
antagonist with high affinity for the N-methyl-D-aspartate (NMDA) receptor
glycine-binding site. The effects of NMDA receptor glycine-binding site antagonists
were examined in a focal and a global cerebral ischemia model. Each model has
different pathological features. The focal cerebral ischemia model, in which ischemia is
induced by middle cerebral artery occlpsion (MCAD0) in spontaneously hypertensive rats
(SHRs), was used to investigate the therapeutic time window of SM-31900. When
administered 30 min after MCAo as a 1.5 mg/kg bolus followed by 6.0 mg/kg/h
continuous infusion until 24 hr after MCAo, SM-31900 significantly reducéd the infarct
volume by 40%. Delaying the initiation of SM-31900 treatment from 30 to 60 min
reduced the extent of the neuroprotective effect from 40% to 20%, which was still
significant. The effects of a NMDA receptor glycine-binding site antagonist, SM-18400,
on the mortality rate, deterioration of neurological signs, and formation of brain edema

were studied in the global ischemia model, in which ischemia is induced by permanent
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occlusion of the bilateral cérotid arteries using SHRs. This compound dramatically
improved these indexes of ischemic injury, suggesting that NMDA receptors participate
in the progression of pathological states.

This study supports the use of the NMDA receptor glycine-binding site as a

therapeutic target for cerebral ischemia.
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b5 EOEEARSNTWS, £2C, BERMBITHLETHLAMORRTEN L. RIERETHD
RFHE MDA BEES Y o UM R L,
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BRRERED DVIHBREOHRIZZIZE-TWWRY, LER-T, ZhHDEFTO DA ZEES Y
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BEFRELET ML, 7 v bRV RNERKAIRBZEE TV EEA LU, PAMEIIRO BAZEIT.
BRCTRLEEOHVLEREBREBTHS, 7y MARBRAEET L CORBHTRITMREOKER L
LTOREETHY ., BRFTAL —BT 5, I T, HEERLIEZRIZ MDA REET Y & U EEEAET
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BOKES - ASYRERHML, BLEARBES v N 2B LEREORVCFEREELILE, KET
JAZIVNT, SM-31900 DORMIEZEENE/IMEM &85t L1z, SM-31900 DiBRA M 2T <2 BT, BE5H
WD RS 3 ODWMSI LT-RBE T o7, T725, Experiment I TIXEM 5 77412, experiment 11
T2 30 7&IC, E7=. experiment 111 TIZ 60 REIEMOZELRRLE L, WThORRIZBWTHE
0 24 BRI E TEMERENICRE Lit, £ERICBVWT, BERBORRD SU-31900 AERME 3 BEL
vehicle [ABBEDSE 4 BARE LT, FERTO SM-31900 OFE5 &4 b CITRIFERFE/NES Table 1
{Z5R L7, Experiment I T SM-31900 (0.38 mg/kg + 1.5 mg/keg/h) SLEEE 72 HTNZ (0.75 mg/ke + 3.0
mg/kg/h) VEHE COMEEMR/NEIX., ThPh. 3% 34%T. EFIRARbOTHoT, £/, WHT
R/ RIT, RS Thots, i, B 5 H5%AH D SM-31900 285 LIHEITIX, £
BRHEDRIFEOBRERICTERICET I LEF®RL TS, REMIERMEEL 55 (experiment I) 7>
5 304y (experiment I1) ~BESHT-HEE, SM-31900 (0.38 mg/kg + 1.5 mg/ke/h) SLBERE DB/ R
I 37%h 5 25%~ET L7 (Table 1), L#L72435, experiment I & II ¢ SM-31900 (0.75 mg/kg + 3.0
mg/kg/h)&&Eﬁb:ﬁﬁéﬁ%ﬁﬁd\fﬁ)ﬁ X, FhEh 3%, N TIHERMETH o, Thbb, REHAE
FAHEMmE 30 5N THIIE, BHOBRERY EIF3 2 L TRHREDROBIHERETE S5 LERLT
V3%, Experiment I1I1 I3\ T, SM-31900 (1.5 mg/ke + 6. 0 mg/ke/h) LB CHEREEM/IMEA
AN 20%) BB BN, SH-31900 13HR< Lb 1 MEOIBRADRMEZA L T Y., BEISHDOTRE
TR ST,

&5, MlMEL e F A CORMBEEICNT 2 WA REES Y ¥ R EMIAREOIBRSRIZ OV
TR T, AERITIE, NMDAZEE S Y U AEREMIATIE L LT SM-18400 & AV e, RIMEME TV
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B RERT AR TH B, MIRIEIL. RS - ﬂﬂﬁ%%.:%l FRITAT, BRERE 2B
ERoTNB, FI T, AEFATRDOLNBZFLE - HRER - BRIEICT2 MAREET Y U
BEMIREREOIEA 2T, EPLEIL. BNMAFHEEZR DO 2 BARICHIRNERES (15ng/ke 5
VM 30mg/ke) IS TIT o7, EORR. EHLEBIZL Y ARKFNARZECRETIEANRD LN, oM
HERIX, A3 ARCBVWTHLEER LD THo7 (Fig 1), 220 SM-18400 LEHM T, EMm 6
BRI CORTRIZERIRD b hoT-nt, SM-18400 (30 mg/ke) AAEBEOREIEIRIT SM-18400 (15
ng/kg) MEBHOTNIZHE L THLMICHESIN TV,
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X, W2 S NP CONZIEL AREKFNOERICHH Lz, ABRIZLY ., MDAZEKS Y o
VREAEMNFRESITMEL TV TR b 3 RIELE - MREREL - EERICR LIBRDR 2R
TZEEHALMNC L, £, ZThLORRM S, AMMEREF A Cld, NMDA SEEEML. BEET
#, BREROEL, EEEL WS —EORTBROH S Z LXTEENE, 28, ANNELEFLIC
B 5 MDA BREOBEORER, EEC LD LOSIDTTHE, |

BB, FEIL, KBRS THDRFRNDAZERS Y O U REAMRETEY BT L L bic, AHIA
HE DR 5 EMEMEEIC Y LISRDRELET 5 Z L 2B L L, BAMELEF VBT 5kt
T, SM-31900 DIERA DRI OVTHRET LAV BENE M TR bh MEEOBIREKE LTHE
THDHILERLE, £ MINBMEFNO—OTHEIBMEBRRES v MHAIRSEESIRERES L
DEMFE (REIE - FRER - FETR) % MDA ZEE S Y o U AR ERRET A L2 DT
HHEMizLi,

Table 1
Percentage of infarct volume reduction in each SM-31900-treated group

Dosage of SM-31900

bolus + 0.19 mg/kg + 0.38 mg/kg + 0.75 mg/kg + 1.5 mg/kg +
continuous infusion 0.75 mg/kg/h 1.5 mg/kg/h 3.0 mg/kg/h 6.0 mg/kg/h
Experiment I 14% 37%* 34%* -
Experiment II - 25%* 37%** 40%**
Experiment I - 12% 17% 20%*

Each value is presented as the percentage of infarct volume reduction in each SM-31900-treated group when the
infarct volume of each vehicle-treated group is defined as 100%.

*P<0.05; **P<0.01, compared with the value in the vehicle-treated group by Williams’ or Shirley-Williams’ multiple
comparison test after Bartlett’s test

-, not tested
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Fig. 1. Effects of SM-18400 on the cumulative mortality rate in SHRs subjected to BCAo. SM-18400 or vehicle was

administered immediately and 2 h after BCAo. Statistical significance was determined by the y? test: * P <0.05, ** P
<0.01.
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Fig. 2. Effects of SM-18400 on brain water content in the telencephalon, diencephalon/mesencephalon, and
cerebellum 3 h after BCAo in SHRs. SM-18400 or vehicle was administered immediately' émd 2 h after BCAo. Values
are the mean * S.E.M. of the brain water content of 8 animals for each group. The difference between the
sham-operated and vehicle group was determined by the Student’s unpaired #-test (##P < 0.01) and the differences

among the vehicle-treated group and the SM-18400-treated groups were analyzed using Williams® multiple
comparison test (* P < 0.05, ** P <0.01).
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WZEHL, RERE5ETERALTENDAZEERT U S OHEMAENEEZREL .

ER/XTIE, £, TS OREMLAWTH S SM-31900 D invitro-invivo %E%Mﬁiﬁ%%ﬁ&bto
SM-31900 i, NMDA SHHKF U HEBMOKRNEU N KFTH S [PH] glycine &5 THT [FH]
5. 7-dichlorokynurenic acid @7 v MEER TOMSIEEZBNICHELZ. —7F, SM-31900 &, NMDA %
BEDOYTINY I D BERESEA, FF v RIVEBAL, non-NDA V% 2 URAKEFICE, BLASHGRNEE
TF, NMDA ZAMS U L UHESHAICERIRERZRT I EMALSA LR, F, SM-31800 i, NMDA %
BROERLIRES KT 2 PHMK-801 #E&ZZ2IMEI Lz &M 5. NMDA B4 antagonist THD
CEMBEOMER ST, X517, MBHBEEERICBVWTYIVY I B HHRMREEE AT S
T, TTA NMA FERTVNAZBIRNZSICE > TRAICELELZDOT. SM-31300 MR EBITHE
D EIFIRINE NMDA SEGT Y L O HARNEBERETHLZILEIHABTH D,

Kic. MEORRS D BEOMENE T (RFAKELE TV - FNERET))) TOMEEIIHNT S NMDA
SEESY) S L ESERIMEREOBREDRICOVWTRM L, BAMELET VIR, BRTROHEEDOS
WHKIKFIREZIC L VERIND Ty FETLVERA L AR R EER 24 BMRICER S N D MHIER
BMAREL L TCEELEC S, SH-31900 3EEM 5 &M S 24 Bk E TOBIRAFERRS (0. 38ng/ke
& EEeTE+ 1. Smg/ke/h BEEEETE) Ik > TERAR TR A0% LA EERB/MERZR U, o, Bl
BEOREETIE. FEZENSBEBRBREITICIHBEZET SIS, BEFICZS DBEOCHRBEFRRH
MYBEIND, FIC, BE5ERBEED 0 D%, | BEZLBSELHBEOYRIIDVTRELZ. &5
BEEOEBIEIZ LD, BEENRIINELA2ZHO0, Bl 30 #EISORETIZAREMIX DRE/NRITE
AR ITELE, D&, BE5HEABHARMER 30 2LARTHNIE. R5BE TS I L THRRE
MEORBERBTELZEERL TS, SH-31900 13, Eifn | BEEN S OREBNTHOERRMIEE
mEsMERETR L, SN-31900 gz & | REIORREMDREZEL THYD. BE PR i ) D BT REME SR I
Nk,

X5z BINERESN TOEMEEICHT S MDA ZEET U S D EEBNEREOREDRIIDODVTH
Rz, BRERIZIT, ABAEFE S LT SM-18400 Z AWz, RINERETINVICIE. GOEBRFEES Y b &
A HEREFROAABEET IV ERA L. ZORBNELE T ICRENRRER RINEZEETH 5.
BdiZiEIY. AR E - BHEEBIERITAT. MKELREQEELA>TWVSD., £2IT. FEFN TR

B oD E - BRI - RIS KT 2 NMDA ZEKRT U L U RSN EFHEOEREZRAN . EHULE
. BmEZLS5TIC ZB%F’EHﬁ I EIRINEES (30mg/ke) ICTIT-/z. ZO#HR. Bl 5 BB TORCEIR
TR R T 88 TH - DI L, EMUER TRETHIRRD Shiah o7z, ZOFRCROMHER I,
B3 HRICBVWTHEERDDTH> . BHRERICDVTS, Btk M4 BHET, EMRERTHEER
WEEANBD SN, KIT, EROEASEZLVBERICT 52010, MEREICHT 2BRFHRICONVTR
LU ARBESEICTER 3 BRZETICERTAMASERIT. EPRGICIDEEERICHHE SN,
AREIC LD, NMDA 2EES ) 2 LS ERAERESNE LT TV TRD 5 NDMFETTE - #HEERE
£ - BEFIZMUBEDRERTIEMHSMER ST, 788, AEINENETIICBITS NMDA ZEEDHE
E0HREE. SEHOLONHRTHDTTH D,

DL EOBRERET. REEETEDREENDA ZEES) L U HEBEEREEZRET & &I, £FH
BEORTAEMNEMESICHN L CHREDREETHILEHASMICLART. BOEMEEOKRES —
B hELT. NMDA ZEES U L U REESBEOEZ LU EZIRTTZ2HEERNETTHDOT. FmIEL (E
F) ITETDEHET 5,
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