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BESREHTHS oy Evid, AEMATH S 70
Fo Y EYEZTOREROIENTREMERICBNT
FELTWB I LRI, EROMEPT R —
v, BB~ oBEPEHI TV S, EBIZI v
FiKICBG A b0 v E Y BEERISZEEK (Protease-
activated Receptor-1, PAR-1) ORI A, #iEs )
THIRADYETE - BER (OLRTER) Th B HIE~
HEICBWTEBETH S L2 L1,

HEENORBEE LT, 155 v F DRREN~PAR-
1O ALY # v KT F FTH 5B Thrombin Receptor
Activating Peptide (TRAP) % FA%, EBREEI
B2 ,, BEHER T HBICHREEREET - o
#E CAl ke 0 RFR (W5 +SD) 3, S8
66.712.8%, TRAP /DEHRERE (0.51g) 98.413.6%,
TRAP KEHRG# (50 ©g) 607x£278% THY,
TRAP L EHS ¢ 313135 ICHast £k U 7oA,
TRAP RE&RST Ci%ﬁﬂ@lﬁi@xﬂ% B oNLE» -
teo TREM—VZO@ETHE, £RE L TRAPRE
BEHTOA, @EME DNA © it TIHEG
DNA ladder bands fﬁg”b S, THERF—vREE
LIl EBICE Y 50 5 it single-stranded
DNA Hifkicxt 4 2 etk %R L7, PAR-1OZE#ER
TEVLAMEBE BB MPEE T & 2 i35 R M Aast % 1l
T3 E0ED Oh, PAR-1OEMICIZ & b #&EHH
fROBE~ORMEN LR TS LB REEN,

&

il

XA RIC B T 5 BERBEREHOREAN R L &
s, st vyFor7—€EZ0f vl
s —OWHEEMARFEHENT VWS, WED/NF v 27
BECHEEEhTEBY, v 7RO, TR
b= 2 ENOBGM@EHIh->2H 5, BTH
fovEVIE, FEETHEE oo vy EFOB
ENZAROMESPRHRERCBVTHAL TV S
T EDHEREN, FHENTWER Y, bovEVE
BEMIZ 4K (Protease-activated Receptor-1, PAR-1)
F, FPayEYicky NEKO®Y vERESMA T
sh, itk NRFmEs--AH06MO7T 3/
BREC% (SFLLRN) 7%, ZAEBS ofMiagst v » 4
VIHEH L, BOEMILEZSIda=—2 8ZAEKT
b3V, oz, 60T I BEIESOA
IR7F FEARPNHERESET, VAV FELTR
BEREEHATELILAEBRLTVES Y, $1,
COANLYH Y ERTFFFAEFHT LT, 2l
bizb bovEy OEYPENEEERBRA L CERSEE
e 2 2 08T E B,

In vitro KBV T, PAR-UFEMALEME S Y 740
fao bz, RN o FHEYIERIC —8Hici
HL, HruEECTSIEEE LRSS S EMH
LExhTw3Y, 20—HT, PAR-1OBEI/L7EH
fbxr 7o =y 25 Op7 R b — o 20 TWATRE |,
ERACHBEEELAEL T A b MES TV B,
o 2HEEORER, hEKO SR EICKE BEE
ERELTVWAEELLGNA Y, F 1, KR
ZOREERIC PAR-1® 7o o v E v DFRE I

Fog— N
YR, FHFT

b E v e EBRERISZ AR, protease-activated receptor-1 (PAR-1), EEERME MMM, 74~ —
s
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ThaZEbMEINTVE Y 2, HERORMICE T
R & 7 ) THBOMEEHORICBV TS
F# PAR-1OTEWHALIREERIIML2FET 20T
HrHIWe HBHVIZ, BEBEHILIEEEZFESTS
DTHAIhe Fkld, v b OFEHKICB T K
BEEONEETFVICBWT, TRAPEZHWL
PAR-17EMAbIc & 2 EER#EZNE & 7 O BiEE AL
Wb OEYERERERE L1
D I ~

D3 v VRO, ¥ T oy MENT

H#E 0, 5, 10, 15, 20, 25, 30, B L U'mkELS v b DK
IR &N E 7T =V v F A VT YBRIBKTRIC TH
EVLFA R, Elhevoarsyva VItHVE
BB LI T2 RNA B ZEYL L 72, PAR-1OKER
A &0 754 v —%fERL, RNASEZFIHL
72 RT-PCR i T ¢cDNA 7o — 7 %87z (nt. 481~
1599, 1119-bp)o 20ug P2 RNA %27 H o — R ¥ L
KCBRkE LicbDAEF 1 a2 r 7Ly (Hybond-
N*, Amersham) ICEcE#%, P2 TI N/ L7cDNA
Fao—7ENA T YA ¥~ a v (ExpressHyb,
Clontech) %fT\, A —F5 V4557 4 =T
mRNA HEBHELZEEEMIT L7, FED RNA ¥~
TN L BB TH BHEEIL, KB D ribosomal
RNA DB, BXUR—2 7L rvE2HWire
probe iz kb, WRERMEZ v b o -V OBEREER
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
DHBEBOHKIT L VIEEL

@3 v MEBREMEEE TV

H#: 7 ®Sprague-Dawley 5 v b %2 T — 7 VIR AR
BaccHEREL, RET®REZ 75 vy MCTHEBRYE
36.0 CRIRICEE L BB OMEBAIT>1, T v M
HEEEL, MOH 5 2REEEMANICHHKRERN I
L, 5ul oERKS L IF05 or 50 ug/bul @
TRAP (Sigma) BEREFEAL oo MEE~NDIERKD
#52REOWAICKY, #5 RENOEANTFEBR
ENTARKET T2 ET, BRINDEAZRZEL 72,
72, B4 v I/ OFEARTEFTVERELILE A,
B FERIcTA v 7 OMBIRIERE~OILE 2 T2 T
&, MEEAOFEANER 2 B O RIERR % & -
fotk, AMHBIRAGRUBEL, S5k 2 OEE
WS4 5 2 1214, 8%0, o & AEME % 2 BRIAMA L,
FOREHES v FNRLTHB S, KEFH A
TEELXEALTT, POoLRBEHREEHS /20
T, BEZAHEL T TRV E D% sham MLER &

(22)

L7,

@5 BAH AL

BWBTHBIC T —F VREET, 4%°5 R a7
VT FIERRICTREERERE L, WrEE L <Rk 2 [Ex
L, EHBSE SRR 2/ERI L, HE §@
i THBSE AR 21T - 72, #5 CAIFEK O k<
5 3BEFICBVT, MHERE D v Ea -7 ICHDA
A TEREMZMEEEE S v ~ + L, sham ALEBICXS
TAOMBHEEBEEREAER L, HTLEE,
Mann-Whitney UREZH W, p<0.05icTHEE L,

@7 # b+ —v2DOBH

1) DNA ladder ®#&H

Bk T H BB TR L, RO 52
K & RIMEE > &3 BEEL L 72, [ UMLERE D 3 PLsy
DUEMBMAEAL, 0 DNA ZEZHMHBEINL,
TH B - RV TERKELER, tF Yy LTo
<4 FizTa# kL T DNA ladder band OH %
L E O

2) single-stranded DNA D%zt

Btk 7T AE0EEHEE S UK 2ERIL,
100 57D % ¥H. 5 v b single-stranded DNA
ik (DAKO) i T 1 Bfdil4 v+ 2 ~— b L#22R,
DAB (3,3-diaminobenzidine, tetrahydrochloride)
% B8 & L 72 horseradish peroxidase #k%x W\ T
EHB LErC B L T,

m R

@3 v itk 5 PAR-1ORB

5w MR, Ny, EdIc3dkboBE— N K AHH
BRI T & 7o, RINHEIKIC B3 2PAR-1 mRNA®D
HEEE, HBRI~1LIhITERCEETHD, LR
Wi L CRRER DS H B0 D54% L, & - & bRBEBDE
TH -1t (K1A) 7 v F/NKICHBIF 5PAR-1 mRNA
ORBIZ, HEBOEFICEETH, DEIEICHE
D LT HER0, BKEBRDS, ZHh N HE0D38%, 46% &
DETH -7 (K1B)o

QBB EME MEEE I 2 PAR-1TE (LD

1) #B BRI D FHmE

H&R, TRAPE, HIMERD S v FEFRIH
90% & ZEF s - 12, WRANIZIE, ABE, TRAPK
BREH 0rg) ORBEAKFERCBEEOERF 2R
w5500, BREMRRZA SN -z, HEFEIER
(X40f%) T3, S BSHBORECHIEEDOE



77

PAR-1

NB 5 10 15 20 25 30 AD NB 10 20 30 AD

GAPDH

NB 5 10 15 20 25 30 AD

1 5 v bR, /MKICEBIT 2PAR-1033H
BEBBEICBVT, Fv FORBEERENKS S, BEOECTERNASEZENL, &1 —r20ug
DERNAZBWT/ # v 7oy k%2 - 1,
AR, BvDEK, NB; newborn, AD ; 5kER, PAR-1; protease-activated receptor-1, GAPDH ; glycerald
ehyde-3-phosphate dehydrogenase

2 (EKEEMEEMENEEICNY 5 PAR-1 G Lo B
O 7TOHMES » PINERAN, PAR-IOAT) # ¥ FTd 3TRAPABRE L, Z0 2 KERI%Ic ERERIR
ERERRUIBE L 7o, & 51 2 RO EIER 2 5 A 2R, 8%0.1C & B Rice ® 7NV EMEE MEAN % 2 Fi 5 A
teo BfIfR 7 B HICBEMBE SUREREIR 2/E8 L, HEZ(®E (X4006%) @ TREFMIRET 21T - 7.
A shamMLiBE, B:A4A%, C:TRAP 05ug58, D: TRAP 50 u g5 8
NS EWSHTRIED - 7203, TRAP/NEHRSE (0.5 BCAISRROMILK (X400f%) <&, LAETIEM
pg) AT, AR, TRAPKERGEHOCAIA  EHROHER S EFIOTN, HNHE DD ERYD
BB 2 MR Ol E OR D 2Dt fz (K2B)s TRAPKEIRGE CldE BRI ICHRE

(23)



p<0.01

p<0.02 p<0.03 p<0.005

100} L l

WRAEERTR (%)
S

TRAPD W TRAPKR®
(0.5p8) (50pg)

3 (EEREMEIMENEEICHT 2PAR-1EHAL
DiRMEMEE N0 E
A% 7T HEB MBI THEECALER O SR
T53IMFEREL, BEMEHEKED Y v
P LT, shamiB#EICH T 2 MEHRERERE
BHL, BHSILOTy Mo TRELEY S
I L 1 SDERT,

kD pEG ST oFlh, Mo/, MREEO
RLERBDI, T/, HPBRE BRLAARLESHK
Atz (K2D) TRAP /NEHREETIE, shamiLE
B (M2A) K LHASHBREIBD ShEh -1
(K2C),

ShamLER & R U 7R CAISRIRIC B 1) 2 iR
fHfaOEEFEHR (E¥ =+ 18D, n=b) &, £RE66.7+
12.8% (p<0.025%tshamMLiERE), TRAPDERS5#£98.4
+3.6%, TRAPKERSE60.7E278%Tdh -7 (p<
0.01xfshamiLBERE), TRAPVEHBSE T3 1313528
AR A BHIE U 7o A% (p<0.0354E & B, TRAPK
BRSHEHTRERH L EFOMIEE 2 Y, TRAPD
BIEGHIOMICEREZLZFE Y 2 (P<0.0055 TRAP
LEREE) (K3).

2) TRM=vZOKH

#HBEMEB I ODNA ladderDHER T, AL
TRAPKE# G H TIIIABSHEHODNA ladder bands
BED SN, FICTRAPVERSEH T dshamMLERE
A%k, DNA ladderidiZ» Shish - 1z (K4),

Pisingle-stranded DNAFi{AZ W 7 REGRET
3, AR TI/MIOMEmRICETS<, TRAPKE
‘TR RSN S BB
A7, shamlLEE B LU TRAP DEBER T,
AERREHEIRD S0hlih -1 (K5

ShamZi®E £A%

£ =

B, o057 - UNSEEONKEANA N AL V%
B L, ZBLLANERDBZEERESOERLE b

123bp —p

K4 7#®b—v2ERIHT 2PAR-IEHILOE
B 7 HBICFE UAEE 3 ILy o i B
ZR&L, ZDODNASEZEMHENY L ERKE)
ML 12,
M: marker (123bpD£5# Dladder), lane 1:
sham#LEEE, lane 2 : £ &#, lane 3: TRAP
0.5 gt 58, lane 4 : TRAP 50 u g 5.8¢

2o EW S RRISTEHLEE 2 b oA GE S EE
EHEDTVEY, Z DProtease-activated Receptors
(PARs) familyodiTd, bo v v 2EENY) & v
N & BPAR-1E, M/MREELZFEL D, KE
DEEBEREZREET I LB MEENLTVEY, In
vivoOHRERICBWVWT b, BEIELEHERICET
A7uoborvbEvEiEFORFYETCHEAFY /1D
HBREASHR I N/ DY, < v XFINEMNE F VD
BEMABICET 223 v v 1 OBEEREMEIS RS
Nh®, e rRITBOT N o v ey BEEAICRH
LK 2RMERBEIC % + ¥ V- 1ORESFBEN I
WML TWAPREDRENRENTVWS, TDLSIT,
)y e FT—¥EEZDAL v EESY —DHENT v
R, ZLTEDY = bOVEDTHBPAR-1D
EEESERINDI LI, BEHOMIBWL
Td, VYFFREECHEL, TEFN -V REEAD
BSPWREI N TH A0,
EBICPAR-1ORZEH 5 » Mt BT 3HHEE /
FrToy MTTEI Lz E 2 A, REER, /K&
i, BRI~V OREBEVPEBETHY, Z0D%H
#0200 SERERICE) D » TR L1z, T OZM ki, 7Y
THEEEATH S 7Y THREEBKEED (GFAP) ®
B EEATH L ToT 4 Y Ey FER (PLP),
Iz VIEEMER (MBP) 3L ERAEETSH -
72¥, T80 5, PAR-1IOKHEY -7 13, #Es/) 7
DHHELRIAL © S RE D, WiEDH 3 OV IREER IS

(24)
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X 5

7H b — v 2BEFICH T 2PAR-1EHALD
BE% T HEoBEREICX L T, ¥Hisingle-stranded DNAFUE A A W - B L RO EZTHE - 12
(X 40015,
A shamiLE®f, B:4AE, C:TRAP 05ugi5%8, D: TRAP 50 u gt 58

b=

HLTWwWaLEDLNS,

PAR-1 D fE AL A5 #0334 AR BRI
SVWTIR, BABEESTIRTHWEY, Thox &
E» 35 &, PAR-1OTEHAL I HE RO ERER S
MEEKAEEEL® D, BEobHEA~NFEL, BEE
DA RIS LEELZONTV Y, BEEMEM
fic B VT, PAR-IVEHALIEIMAE L BRRILYE
B-7IuA Ficxs 2EEEIM AR LEE Y,
LdhL, COHRBRIVSNVYFTHErorbEv®
TRAPDdoseltiREL TH Y, L0 SHEEOKEER
TRT7RN—v2EFET L EICL-T, HicHlE
REEMICER T 5 2 EARE SN TV,

Fx OREBEMESAVEHE» S, PAR-1OEM
7)) THIEMO A J I F v Fa s ) 7 HRAND
i BEBAET A ENRBE N RER),
TDT &R, EKNOREERARICIE, PAR-1O
E b & o 7)) TRl O RERENS LA T 5K
@, 7 7R MRS LD T A e s YT
HENFEE N, FRNICA) ITFYFa ) 70
MEFEE, +ubbABEREEELELS 5 ARt
Ez2 oMb, Wi, PAR-1OEHALIISEIE 7Y 74
VRS % EHET 2 AR H D, HEE L TKEE
DEEEZETFEE 3 EMRBEI N5,

2240

(25)

HEEOBMBRADIGAIC>WTIR, Z0OBEEKE
BEBMSMELE 5, PAR-LIZIME PR MR I/
RICEZTICEBHLTVA LY, RBHRNHTS RAEY
Thb, EBMBEETR, EFVEVONEE (85
WEE) ~OEBEEA, H5VIENEZRNDFEANL

INTWVW3, barvEYET .y BIREAEEREGT
ALTEHETE, o vEVYRBERIGEERLL, K

B A — v R EREL 29, Xi ik, BIREA~
Do v vEEFA LD NEFEEYS, DEOMD Y
EVEARKZRINERICEBT 5 EE2RELTH
39, Ff, toYEVORMEICLD, BEERDE
MFESHE/NT H L bMEL TWBEY, Striggow
513, Mongolian gerbils® [ M AR DKEAN~ +
oY EYEFATSIET, EBEHREMIEREE LB
TEIEWHRETH B0, HEEO o ey TR
EEABET S EERLEY, L L, SIEEY
TORFFPTRAPZNERNEAL LRE IR L
NTVIEL,
ZzITHRAE, 5 v b ORERKICE T S EBREE
MKEEE FLicBWT, TRAPER MWV PAR-1/E
HAbic & MEERESR IC> 25t L 72, TRAPEA
I & 2 MRAIARR,E O EF BT Ot D 7w, BRI
MR D FEEFTH BT R b — v 2R E, K
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BEEMARZTHE E%RU4EH) oz Hmun
TR LT £72, TRAPOIKMZEARHRS5E%, TRAP
LEERESR 05ug) LTRAPKERSE GOug)
DOLEEFITLT, ZOMEELK L1z, ZORBE,
BECA | R0 RER Tk, TRAPVEHRSH
TR RIITEEICHIASL I L7223, TRAPRERS
HTRABHLETOMIILERE L o, Tk, PF
HEOTRAP 5.0 ugDNEAREG HITL A, HR
DR SD2ENKREL, BT SBRAL 1

B EHMEODNA ladder0fEfr i3, HREL
TRAPKER G T 1282 DNA ladder bandshs:2
B o, —ATRAPVERSGE TidshamLE R R,
DNA ladderidi@d ol ote, Ff, 7R M=V
2z &k b HE L T L Bsingle-stranded DNAZX T
ZEEERmIc k- Th, EAHETRAPRERSE T
TR s b A g BRI IC D 1o 08, TRAPDER
BE#LshamLBEETRED LD - 1,

INSORERL Y, TRAPVERS X 28I
PAR-1TEHEALIE, 7R M — v 2ER 2T 22 &
TEREHEMREE D S ¥, NEENIC/ERT 3
ZEBREENS, £72, TRAPKEKRSICL A RE
PN BRI PAR-1TEMALIE, 7R b — v RBR
ZHE L CEAEMEMEEEEME 5 C LS
ety COBRBRBDEVICK S 2EEDORIER,
HEEEMAREE OS2 5 v FRNERBRS OB
FOTHMESINTEBY, EHEKFEVWEIATH S, &
AT 2mEoRAE LT, PAR-1OERENE
AL & BRI ER, 5 VIZERERLZD
fUA3E Wsecond signal RS B ->TWW3d LW D
WEbHBY, T/, TOMXFEMEAEIR, in vitro
OWFETHS L EL > o LI i, MEHAOMLE—
KRl 2 C & T, BEANORMELE FRSETV
5bDEEZOND, 5T, £EROLDEIcBL
THHESNWAPETRBVWTH A9, v POHE
Tie MBS 0B XT3 Ems,
FEHMBERDO T R b — Y RBHEREEAH 5 ODTRAP
BEIC k0 AET A, FAEROEBREE MYt
P E O B ER IT B W T, therapeutic window %
BrZELAEmfEIcT b0 HFxN 3,

B

Z DR ESGERRI AR EH R B R E (5136711
375) DEMAEZIIZbDTH 5,
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ABSTRACT

Protease-activated receptor-1 (PAR-1) is a key structure in the balance between serine
proteases and its inhibitors, and plays an important role in development and plasticity of the
developing brain. A unique artificial peptide, TRAP (thrombin receptor activating peptide),
which has an amino acid sequence of SFLLRN, can directly activate PAR-1. In vitro TRAP
transiently depressed the neuronal and glial cell differentiation, and raised the thresholds
against the various insults. We investigated the usefulness of TRAP to prevent neuronal
cells from the hypoxic-ischemic (HI) insult in the developing rats.

7-day old (P7) Sprague-Dawley rats were introduced to the HI loading by the combination
of left common carotid artery ligation and the exposure to 8% O, for 2 hrs. Low dose
TRAP (0.5 g) administration intracerebro-ventricularly at 2 hours before HI insult rescued
the CAl hippocampal nerve cells significantly at P14. High dose TRAP (50 x g) did not
rescue but worsened the viability of CAl nerve cells in contrast. Both the saline and TRA
P-50 u g groups showed clear DNA ladder formation and positive immunostaining against
single-stranded DNA in their hippocampal tissue, suggesting the significant presence of
apoptotic nerve cell death.

Adequate activation of PAR-1 using TRAP can inhibit the nerve cell loss against the HI
insult in the developing rat brain. This effect is in part dependent on anti-apoptotic function

of PAR-1 activation.
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