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ETIE, "AzFvOiELE L L liE CPK {E
WETOHMERL, ERTH, BTAKRELA

9

EL, BT EREROKY, BEOBEMNTT
HBEin-tchd, B, BRARRTTHH. BRER
HWEEDT, HBHOBERZALRIh) 1.

12, RXYFRBABKEO DMD B2Zomd:R
ELJUBEHRORE

EEFVRIE, <A ZF v OREKRIE L FET
% HHY T Duchenne muscular dystrophy (DMD)
IERBRENA2FVvEZEL, BERDRS LUE
TERDOBE 21T - 1o

ZRET, XAxFRHAN1ERE S0
FBREOWTHRE LT &7, RE L
BB LN TERI T

4E, DMD E# 20 LA 2 F vRAR 60
mg/ A& ER% 36 1 ERRAZE, 20550
SAXIAMZ & &L TRAR 480mg/H
TTWHL, duhigee & ERS ROV TH
B L.

ZORE, D FEEE X b RE Lichibi
EERBDZ ERTER 2) Wik, FEH
e &b 2 B L. 3) 20 fid 19
Bl Hs 30 5w mE MAEEE 0.72+0. 22 pg/ml
AL, 1RE X 0 RI 130268 7 D iE\WLE
L iR LicC & X D, <Az F ViR
DE BRI OFENIEY TH D & & HHER X
Ric.  1H1EREAFEX Y, 1 B3 EHABE
501z 5 BRE Ll i EH S & h fe. 5) @i
R BWTiL, GOT, GPT, LDH Dk
MR OB R IREY Rishoteht, CPK O
EFTLTL 3003 % bR 6) BAME A EL
5%, CPK DETT30MRHLR, Ficmd
BEL CPK 232 3 ER LW A HIEA AT
AfEEA R L. ) ADL ¢, 1EFBRAE
544814, TE14 KT34THD, 4
FMRAE S ahBE1 4, ET44Thote.
8 BINEAELCRE 1A, B -EBH14% %
edy, REORRBFRITH TH - .

ThboDz i Xy, 4#0FetE LT, D EIfF



AERLe2 s, HERYRAR 480mg/H X

DR L oo ofamke Rilido L, 2) -

FOBRDO3ITVWLAGEERS XA EMEGRTT
WEENBERZEELHE LIy, EBLTW5.

13. ETMEFCR A7 4 —ECHTEINIY
FOERER

BILPLALL, #AHGCA e 74 —ECKT
HRAxF VOB RLFHAT S BT, B
LTFERNEEI SR EBEF O Duchenne E 10
4 (preclinical case 1 fil%&1s), Becker # 3
%, Bemfl2 4, £RBS54 (RILE4 4, Bt
1) wXAxFvEEEL, BRMHRBL LD
BIER ORI 2T - 1.

FRIE LT, E#0 4861 BRAHEYE 60—
120—-240—-480mg * 1 HZ# & LT, 1AMIE
TS L, 43 CIRA Sk, 480mg HY
BELO BIERKE TR Lic. To%, El

TER%xRD A, 30mg/kg/B ¥ THE LK.

Z DB, Duchenne B 1 T, 5 45 mg/kg/
H % 5 @M LORd -t BN & &Y
BRI O 4 B 1 BRI & ik XU
BB %7\, miF CPK 7t ¥ OESFE, <A x5
VOIMPEE, Ar=Fv, i, Rhorv7
FV, 2VT7TF=V, RB3-AFNLELAFOV/D
WEELTV, ZOBIIA 1 » ARIE CRMIEREHR
wHRE Lic. RRFGESBE LR L. 16i%
BR\WCTLOIRFI O 1 EHIOZABE CRHEi L, £
BATSLR TRRE L.

EfEn% il UEBIBREOKS, LR LD
%, Duchenne E!® preclinical case D 1l &,
KRB 301 (£PLETHEE EALCSHZ) OH
Thote. hbOEFIORGHOETRELT
#eaiL, Duchenne H, SERIDFHRYHARER
CHLTEN ot T DIENK,
T 2 G TR 2R TEETIRE VL OtES
Abhte. fBOEF T, —FICEIZFRE, &
TRElOHRER AL Hoteds, 6 » ALt

Duchenne

HALTHDEELL, BEE LV~ & LT ERRT
DX I VET LT

Becker #, LG FTiZ—BHEoRRELR
Lic 1 xR E, SEBIRGRE v ~ov, EfTRR, &
MBS ZE LA IR0 - T

Duchenne Bl B Ci, MfiE CPKix1
Pl Cafl Bkt 1 2, 3EH OEIE
TRIAZR LichS, FOBRIT—EDOHEDIh -
fc. 45mgfkg/B BRA LiciTix, A CPK
{EDMRBEMED 1/5 D TIET LT/ R
D 3~AFAeAFT V]I VT F = v IR
BTHEEERL, BERE (mg/FE/B) &5
IEBIERILTR s o fe. BARERBIfF AR AL BHER ©
HZTHY, RAPLE BHE HARSRETH®
Tl MAPLEERERL, PIEEIEEL
1eBIRiD - 1end, AR EERL B D, <A
& F v OEFRLENITHTD 5.

4. BHEBICHTIRAYFLOHDRIZETS
ER RO B 38
KFPRWE, A% vopmRBEECHT
B8 X006 WSk CORMic o\ T - 1o
D YR cobit RB7 32 BBOBED
10 4 o FR G HE BB E w difE 4 B 5 34
Chich XAz F &y L, 1Rk
R ¥l FACfTokRF7 I 2B
OEETET AR TIX, &< 3-2F0
v A5 O v ERIE L, FERLE
i bhich ot
2) GHERTOBREDOE LD
WA, EMEwy & —, EXFHRE
Be, ENAEBITRE 2EBXY, HELT
EXAD6HBHETD T4 flogEHTit, ¢
Duchenne Bl 2 + v 7 ; —ECEEBAHE
ey R it LDH, CPK o —kiyisek
ENHY, BREFEDOHRIT L - TRILIC
BRI E DR DR AR S his.
e, ERGROEFADO—WTIL, AT rA



Ao kR EDT R T 5 BRBIE (o4 T Fv) ONRERR
FEDOHATERTROSENRALR, 2D F=v, 2Vv7F/EESWLIRELER
ISR OERELErD SR Sleh ot 6) BttENC HL TN E BIF

RARRBdohiehr ol
5. BZAPO7 4—ICHTERAYF-DE
#—1iE CK & muscle-specific enolase
EEFELT
HALYERY, SEMREHEZLGE SO B
enoclase B L, <A 2 F vV OMREEHRF L.

16. LR A7 41— ETEHRBHER
CHTIRRYFHSBROEB/RE
BFIRE, <A x5 v (NK421) % {5
BERNBE 21T, T OBRKERY PR L.

(8 B mEEoHEE L TliF CK 2
ELFIBIhTE . —F, FEREETH
% B &l enolase (muscle-specific enolase,
MSE) %, B84, OcHEL, CK [k,
RO L kb Z IR S, 2
T, SFIFMBEVEEEE THEOBMMR
TR, A2FV/EECLI-TIhLNE
DX 5 ERZT HMEE L.
Gt & ) D i MSE & CK: &#1&
HRRAGEBEE 162 fI & xR 53 (o il
MSE % enzyme immunoassay # Cifll& L.

m#E CK {fi, 4 7 e Vit oEp% i

PMD jB&ic ki35 MSE & CK {HDRH{H
HBLRY H#e L. 2) YPto Fe b= —n
Tt o TRAxF v il GEE) LM
%17\, CK {fi& MSE ffix O s is
ROHEB R T~ WG Bz 5 0 (B
2, Duchenne #I 2 fj], fiFEHE At R
7 4 — 160 TEEK 19~36 5. 4 BRI O
M5, IHIC4M Omg/H EERS
IV, RO ETHRE L.

U ) D xEEEomis MSE ik 7.5
+3.8ng/ml THDH, PMD BECREEFCHE
WtiZoR L. 2) Ml MSE & CK ftinif
BYfRKUL 0.831 (P<0.001), A7/ mEV
it 0.595 (P<0.001) TH-te. 3) M5
Felic k5 CK & MSE oREHHEHBR
CIIBBRENEh ot ) A2 F v
bk -TmiE CK i, MSE fi& 3 FE R
TEE Rt 5 Mfd, Rbhos vy

& EHE] RNBEO O L1, LG
PMD 6#, FSH PMD 1 {fl, myotonic
dystrophy 2, Duchenne PMD 5 i,
polymyositis 2 {], dermatomyositis 1 ff]®
it 17 g, kSR S00mg/H 501,
450 mg/H 4 fl, 300mg/H 2 {il, 240 mg/A
16, 200mg/A 2 fil, 60mg/A 2 ], 30mg/
B 10Ichs. Bk 8~33 # 7 GF
$19.2 7R ThHBH. UEDEGCH LT
10m #1T, FEESIBERER], M50 7 2 v, ifu
i CPK fE&JE L, FHlixfT 7. Ei,
fafrb 3 Elcds e » TIEHE RE BRI Y
Tv, BHEREGRDLIE L. NK421
e EE RE X 4uL, 1w AREEE TR
LG PMD 5, FSH PMD 1 fJi, myotonic
dystrophy 3 {fl, Duchenne PMD 3 fil,
A% Pompe 1 fiDit 13 i, 4w FE#HY
#C1% LG PMD 1 ff], myotonic dystrophy
200 3BITHS.

WRBLOBE) HoAbe7, —ORM
£ 5- 01 CERIR IS 2 R LIl i o 7.
FRBEK T, 20CFRNVETHEALR
fens, 1PITid 2 EEORMS, HERDET
134 Uledyo 7. myositis T, steroid,
REEMHFC NK421 AT 5 2w XD
BIRMSE R TR AH - fo. i CPK i
3, HivAre 74 —OSRGITETEZRL, |
Z ofEmENE CPK 5{ili » Duchenne PMD f
T HZbhde. MHPRERNE TR, 20mg
RA# 1~2hr T 500~1, 000ng/ml © peak



fahE sh, 480mg/B ik (160mg it
A#) ik 7,000~8,000 ng/ml/ ¥ T peak
X kg Lie. CofiZEliks, £ 0T
Mt CPK D{ET A% b, RIUBIEGITA
bhic L@tk & CPK %3 LG PMD,
Duchenne PMD f| T Zbhic. ks,
sk NK 421 & & iy CPK fE DHEEEE D
I HB e h ot NK 421 54, 44
CHALRER, B, NK421 ofiE
X BT Ao, LrL, Th
HOfITH—Redk, MER X DIERI HE
L, ToBBEEEXETTSENTEL. [
W, RATRCRE X eh -,

17 RIWLT7 2=/ —ILOGBRENECET D H
%®

RABRIX, w7 ==y -V OEREEE
& U COBRBIFEe 3 % KRB 22 1T - 1o

D dwrz==v7—nofld

BB HNLT =) — LA BT BT

DLEEREDOHR LT, w7 ==y —

NDOBER T - 1.
2) HNBETRE
2-1) FAT =7 -2 DKL
FEORESE LT, i TEKRED RIA #%
ORFZIT o7 K3 M-2~M-6 OFT
M-3 D&M 149 ORI RIGHEER R Lich’,
MR E A EREE LTORTGE
LTW5 DT, ELSKHIAEETS 2 &7
EETEDZEXWLIT L. FIERAT
10ng TH - 1.
2) K3 M-1~M-6 OEEBICOWTHR
AEfTofc. KR E LCBEE TITa
bhTwb M-1~M-6 ¥ ToOREPHDO>H
7 37 A ETS M-1, M-3 3, M4
A vRBEBRCERE S, FHER L0
RIA (i CEBTAHAHERHEIL L. ¥, X
%FED M-2, 4, 5, 6 1%, M-2 OTRLENE

oo
|

DIcDEDEETRHETELh > KDT,
AbE YA REHEE L0 HPLC ©
—AoNiT 5y, BERILLo2H5.
D) [PHl-hA72z2v/ —n®En0BI0H
R 5 L, A ils, #epkt, bioavai-
lability @ #&Ft % 1T -%. 1mg/kg DE R
Gk, 5% 21 5 CiEiEE 1. 703pg/ml
EL, -2 HBRERHCEIL, B
# 8 WM CREIE D 1/30 T % Tiegsd
Lic. i, #REHLCSEEGO AUC &
s ciwdy, Bobsesds
biocavailability O Z R E i
i, 85K B RHE TekbsED 90~
95% MNEHhEHRE SR, EHEMELS E D e
WZ EARE Rtk

18. AMRTFLELIURNIXYF L DOEIRAHE
EKELTOMRRMR
e« BHEIAIL, A XTFVEIVTRA

25V OMFBFEKE LTOBRTRCT 5%
BMELXIT L L, EHAReARTF v,
NRRF VAR L.

D REAZEORB & WA
HBEBRHRAZ2FY 10% Fo34ve o 7F
8kg RKIURAxFv 100mg » FtrF
5Fh7TermiR®B L. ¥k, ThbR X
CrARTFvORKRERBREK EH,
W T e FD OREEY, MEEC XK
B LI

2) Bioavailability

2-1) RAZF VRV ACLEAZGLE L X
D - SFATFEREOHB & 3%, H-
NAxFvAG, BEEFCX1IALIETRE
fO#EE I OWTHRE Lie. i, fiR$o
PSR E SR HAT5. H5T5 L%k
B (&5 4, S8R Offirkry, 24 B
fal oD firpig EE £ T BRI BBl 0 1.6 fic
DOIF - o RPEUCRIZEE T 83~91%, if



BUESO kR kT 5 WNREEE (v A <75 v) OHARRA

5t 97% gL, BHEEREEF LV,
EEERE (1.32mg/ke) TRREWTH S
AHPA 2RHBBGHREWD 47% % 5®, FiX
LB (12.47mg/kg) Tt 22% & E5ETK
L. AR TIRERTHY, EESFE
Tt 69%, SFHETIE 26% © AHPA 28
BB S ht. fich AHPA 24 7c\ . Mg »

T - RO BRI S huichs - 1.

7e¥, AHPA o FET #EE T X - T 8N
Lot ARl (b5 15
M) Tk oEs Cch s, RIFTILRE
melieh, #5 (12.6mg/kg) D1, 4, 8HF
Rl Fe SR T R Eh 750, 450, 220ng/
g THYH, BHEEPORE(RRAZ2F VD
L 1 BRI T 8% Thote. Lichd
> T, BARNAZF VY RFFEISTREY
HFTHZ L, AT FVYRRTES
TH5.

2-2) wmARTFVETy bR, TIKE
(30mg/kg), Mk (10mg/kg) #&45 Lic&
& o 6 Bl o MAREME Tt thth
0.36, 8.31, 20.47ng - hr/ml TH-7=. L
ML, B Licn A R_TF v 4 2k
b Ui EompRER, REDLTh X
DL {EMoT. Fl, 7F7VA <A v R
5T5 5 P OBRMAESEEEEIE TR VT
bR e R Lish ot AL A
T 37°C TORFRThLh 9% (4
B, 80% (60%R]D THol. mART
FYDL=FNT X —NOFEOIMAPERED
R RTFFVDENERELMh ST

BILESEPREKEF T » MICOWTRAA
fogE B3, 30mg/kg ¢ 2, 4, 8EFHBTE
WK 100ng/g DFHAREE LR L.
mepiEE S AKETHH, ThiELLC
FEOHSREOThE D &, MBI
THEHET 2.5 f§Th-Te. T, D RET
v FOREHERBRCE LT, miE &5
O, R SR DEEAR R IR LT
SFLic & &, REhREma 150~
280 ng/ml iE L. LaL, B3k
RI@EBLRISh -t HAhEER, H5
2 & B EREE & AR KRR Lk

2-3) “AzFvoOBERERHR L.

12138 HPLC #%Th b, BH<RzF
v & o-phthalaldehyde o RIGpE & DN
B X v, m#E 0.2ml £24KC 200 ng/ml
¥THRS. ChicXb, BEKHRERD S
rba—LAXT 4 —OMEHEAYRIE L.
i <A 2 F v ofifiifc X% RIA ©H
b, 1.25ng/ml ¥ TRHZ LMTE, "A 2%
F v LR & ORI R .

D mEAR

v RTFORKEEERAKRE LT BR
HEEEY S FONE LIEMER (6x5
cem?) & 0, 10, 20, X0 30% Bifhe 4
75 vikFk 0.5g, 35 ARLERGEAM Lk
B, AFELTEAEL, —RREBOE(D
EREFROr AXTFVIRIBEELDR
AEALRDONT, ZOFGRHETIIMILHEN:
WRIMMWEERINS.






mANRTFrOTuTT—EHEVERICEST A

B % B &

=7 b YEBERGD Cat kEEFET T 7 —
+ (CANP) e _RTFFVvick - THAER
WEZ Xl mbhTwa. bhbhid, 7 v
FEFDE, B4, EEE, MREE, RmER, KefR7e KR
L tiT A RED T v T 7 —EH, FD Catt B
R X0t SH BLAERMI ST CANP &
FLLBMLTWBZ LMY, ZhbrdT s
HogE S RO—FED 7 v 7 7 — LHER O R %
B Lk oh, LlRrARTFVIRE - TH
VISR A R R LA

Fz T, BHiG5O CANP w35 #ARMR
EXFLT, EiRoeFHBMRCA 4L T
W3 Ca KMV ATA VT rT -+ (B
TFTHrq4 v calpain E#BFHRTD) ©wonT, £
O EHAEOMELRHMCRHTAZ LT L
oo BRI, Ao vERBRACHET M
WA veEx —EARDHFEXRER LILOT, &
W& H 2R & F v (calpastatin) & 430F, %
ORH LB O WTIHRET I & L.

IHHLOWMELBLT, 2eAXTFFvOTnT
7 —EHEFRAO—BRNSFRBELENTIE L
LiL, TOEBWRBHERLIALICTSZ L
DAHRDOHPTH 5.

* ARSI RARRAR

%*

B R HF E

Y4 AR—FT y I} (200~300g) THV, B
SR RESHEC S M H BRI Y 4 5RO
20mM + Y A-HCl #£#% (1 mm EDTA, 1mMm
EGTA, 0.25M [E¥S, 5mM 2-20H 7+ = &
) —n4dH, pH7.5) Th=e4¥ 4+ 4 XL,
105,000 ¢, 90 REELLT, =0 EFE AL
A4 v (& Ca** ERW) BXU A4 VI
(75 Ca* BRI OWBO b DMIHIE L.

F w77 —CiEME, 50mM b Y A-HCl &
BB s €4 VKGR L Y ER L. B
%, pH7.5, 30C <30 HERBR XA Y 7,
AVEERAT B E~ 7 F Fic K O#iE % Folin-Low-
ry&m;o,wmm@&%E%M&LT%ML
2. AasA v OEERIE 0. 1myM Call, %,
A niq4 v I OFERIL 5mMm CalCl, #iEHL
e LTmite. WFhoEsd 5mM L-V AT
A VvEEEXRE FeF 7 —¥0 1 BT 750
nm OEFRE 1.0 oWy 30 FETELHRE
BRELEZELL.

ANARL VEFTBHILARRZFVOIERY R
Bleditit, AARARFVERY LN LD
A4 vE pH 7.5, 30°C ¢ 10 Sl Xl
DY, RIGRED» A v IKS EiEEZAIE L,
EEOETER TS kv, 1E{o
ARAL Y HEFEIREA Ve (G 18



& Lie.

BR & R

Sy bEFEIDALAAVIKIOCO%, 3T
FHEOFBC I W T LUTHEEL, Thrthily

FRAREEME LTRE L, Fo#MHEYEEL

7.

L ALK IHELVII OLEFTHER
HZHtEt 360ml 2 DEAE-tAr—ZXHh 5 A
/= b 37 LAEERYRIKCE T

T T T T T T
E 1=
= ~10.4 I
< e -
% - 16 £
A o S
c { o\ ~ ~
] [ > >
a F Y = £
S Il \ -0.2 5 4 b
7] \ ] <<
o ! \
< i \ Y4
/ \, —~
—~ I} N~ 2
; <
< -0

80
Fraction number (14m//tube)

(] 1 i
100 120 140

1 DE 52 chromatography of rat kidney crude extract.
A column of DE 52 (3.2X17cm) was loaded with
rat kidney crude extract containing 3,640 mg of
protein in 360 m! and eluted with 27 of buffer A
having a linear gradient of 50 to 400 mM NaCl and

at a rate of 50 ml//hr.

Fractions of 14 ml each were

collected. - --, absorbance at 280 nm ; -®-, calpain
I activity ; ~O-, calpain II activity.

% 1 Purification of calpain I and calpain II from rat kidney

Protease Step* Totz(lfmzixfst)ivity ngltge)in Spglcliriiict;rc;::ig\sity Pu(r_i?(():ladt)ion Y('L/sl)d
Calpain I (1) 170%* 3,640 0. 0465 1
2) 856 380 2.25 48 100%**
(3) 506 16.1 31.4 675 59.1
(4) 236 1.13 203 4,470 27.6
(5) 152 0.53 287 6,170 17.8
Calpain 1I (1) 562%* 3,640 0.154 1
(2) 1,810 134 13.5 87 100%**
(3) 619 3.43 180 1,170 34.2
(4) 344 0.86 401 2, 600 19.0
(5) 215 0.33 642 4,160 11.9

* Steps are: (1) crude extract, (2) DE 52 chromatography, (3) (NH,),SO, fractionation and fol-
lowed by TSK-Gel G 3000 SWG chromatography, (4) blue Sepharose CL-6B chromatography,
and (5) DEAE-Bio-Gel A chromatography.

** Calpain activities in crude extract were only apparent values, since both enzymes were not
separated and inhibitor(s) co-existed. We assumed that the proteolytic activity measured as 0.1
mM Ca?* represented only calpain I activity and the activity measured at 5mM Ca?* represented

K kk

calpain I plus calpain II activity.
Activities after DE 52 chromatography were taken as 100% for the respective enzymes.
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2 Comparison of chromatographic patterns of calf:ain I and

calpain II from rat kidney. , absorbance at 280 nm;
-®-, calpain I activity; -O-, calpain II activity. Abscissae
and ordinates are grated in relative values. To obtain true
values the relative values are to be multiplied by the following
factors. For absorbance: A, 0.6; B, 0.3; C, 0.15; D, 0.085;
E, 0.04; F, 0.025. For enzyme activity : A, 30; B, 48.5; C,
10; D, 26; E, 5; F, 10. For efluent volume: in A and B,
1 represents 108 ml, 2, 144ml/, and 3, 180m/; in C and D a
factor of 40 is to be used ; in E and F a factor of 30 is to be
used. A, C, and E are for calpain I and B, D, and F are for
calpain II. The elution profiles are : A and B, from TSK-Gel
G 3000 SWG (2.5x60cm); C and D, from blue Sepharose CL-
6B (1.5x7.5cm) ; E and F, from DEAE-Bio-Gel A (1.3x
6.0cm). The flow rates (per hr) were: 180m/ in A and B;
40m!/ in C and D; 15ml/ in E and F.

NaCl BEARC L - T, CCBEBIh? [ BEE 2.

Fé, BETHEEIND NBERY ThERED,
MArRDOEEED 7 e <+ 75 7t L (K
2). WEEFRIL, BERABOEREC LD, FhFEh
BRRPWHERRCE THEHM I R1R
T h, 3.64g OHEABSEIGHAELT, »
i v 1% 0.53mg (6,170 £E8D, A4
v % 0.33mg (4,160 fE5¥5ED INE L.

BRALSRLA L IEEIVIIOHEMER

D #7a=y Mg
BRERDRY T 7 IAT I FYAVBRIKEDE
BAR3cBTFs. M3AWRT IO, HEL
31 SDS JEEETRE— v Fe5 250, 1
Roiz 5 BEEA~OBBHE ARE L, X HEER
HETHDHZENHLNI. ZOHEKI, H1o
Bt AR Isr <t 75 7R 5 EHRERD
FEELIIHHELTWS. —H, H3BrRTX
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Bl 3 Gel electrophoresis of purified calpain I and calpain II from rat kidney. A, non-
denaturing polyacrylamide gel electrophoresis ; the cathode on top. Each 10 ug of
purified calpain I (left) and calpain II (right) was applied to a 7.5% polyacrylamide
gel and electrophoresed. B, SDS-polyacrylamide gel electrophoresis. Polyacrylamide
gel (12%) with 0.1% SDS was used. Marker proteins used were : phosphorylase &
(94,000 (94 K)), bovine serum albumin (67,000 (67 K)), ovalbumin (43,000 (43
K)), carbonic anhydrase (30,000 (80 K)), soybean trypsin inhibitor (20,100 (20.1
K)) and «a-lactalbumin (14,400 (14.4K)). Lane M, marker proteins with a-
lactalbumin on the gel front; lane I, 5 ug of purified calpain I; lane I+1I, 4 ug
of calpain I and 4 g of calpain II ; lane II, 5 g of purified calpain IL

100~

S0

Activity (%)

o r— T T—
1077 1076

o—
10°°

T T T T 1T

1074 1073

Free calcium ion (M)

Bl 4 Calcium requirement of calpain I and calpain II from
rat kidney. o, calpain I; O, calpain II. Purified
enzymes were dialyzed against 20 mM imidazole-HCI
buffer, pH 7.5, containing 2mM EGTA and 5mM 2-
mercaptoethanol. The enzymatic reaction was carried
out at pH 7.3 in Ca2*-EGTA buffers.

51, SDS FET IR IH, OHEE 41 80kDa
t 25kDa O F ==, VX OVRDBZ ENELS
Ca Rt T e P IEBEROERND,
FEFEOSFEIZH 110,000 THB DT, HHE
bRARPNMERZNLIET OOV T ==y PBK
L7 ZEHHETHB LRSI

2) HEXREEE pH

SEHBES KD OBREC I, &80 pl 12
53, OE® pl it 4.6 Th-to. Ca* FEHEET
Wl Lc B & OB RARAEOBLER & i3
L, IRRIRMCHLTHLMCEWEERY
Rl AL vEEAE Lick EOHREERD
& pH 1w TFhi 7.5 fECias A EERY
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% 2 Effects of various divalent cations on the activity of

calpain I and calpain II

Concentration (mM)

Protease Cation

0.1 1 3 5 10
Calpain 1 Mgt 0 0 0 0 4
Mn?* 0 44 61 60 60
Ba?t 0 48 87 100 100
Sr2* 0 81 100 100 100
Niz* 0 0 0 0 0
Calpain 11  Mg?* 0 0 4 8 9
Mn?* 0 0 0 0 0
Ba?* 0 0 0 6 15
Sr2* 0 0 65 100 100

Figures in the table are expressed in percent, taking as 100%
the activity measured at 1 mM Ca?* for calpain I and that at

5mM Ca?* for calpain IL
respective chlorides.

Bl o te.

3 Ca’* Bk

R4V ERNAL T OEDBEECHE
13, o Ca** ZERMBhL. H4RT LD
w, hEA4 VvEHECRL, TR 2pMm Ca?t T
50% EHALZ R Lichd, TECIk & offiik 200
M THote. UL, & Ca?t KIFHRIT
F ot AREDA 2 —-vER LR Ca® LUt o
2 fli&)fA A+ v ORPEEK 2 /RS, [EIX S
Di3H, Ba? B LV Mn®* X->Thhihig
LI B, ORI St sto 4+ vidiz
LA LTI TH - T

4 HLRRIFLOEEHR

5y VBRI LI, ve X —
ThHHHANARAZFVOHRERLICOMNES T
bBH. AURITOFEECK T 2 HEE THX %
L, IARLAVIDIEIRALAL V] L DL
CPEIRZERNGLRS. L, EIWTR
L sie, 1O RzokE s WTI
MY b 23 M EEBERARDE, IV
ALV EANARZFVOHEERCET 25T
HoORRILT - THEOH TAEN VS D EE
T Lo

All the cations were used as the

100
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R
g sof |
e
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°
<
0 = & ceo—
4} | 2 3
Calpastatin (units)
5 Effect of calpastatin on calpain I and

calpain II. e, calpain I; O, calpain IL
Each tube contained 0.4 unit of the
purified enzyme. After
with various amounts of calpastatin at
30C for 5 min, the remaining activity
was assayed.

preincubation

5 73 /EEK

Héww, PALVIRICUNDOT $ 7 BARK
T —RLThrb k5, MBEERDOT
VBRI D EILTER D, TRICELT
ANARARRFVRANLET .V VDT I 7 EAR
EOMITREND D, A4 v IBIOTE,
FhENRBERBEOEXMRIOFTRIET I /B
FERLT50, HHEDHRHIEERYRT



Rat kidney calpain 1 Rat kidney calpain I

Leu W Met

c Asx Thr

Val

Leu 1 Met Leu Met

Human erythrocyte calpastatin Bovine brain calmodulin

El 6 Comparison of amino acid compositions of rat kidney calpain I (A), calpain II (B),
human erythrocyte calpastatin (C), and bovine brain calmodulin (D). The calculated
mol % of amino acids are plotted on the spokes which have percent graduations
(2% each) so that the distribution patterns can be directly compared among four
proteins. Values of half-cystine and tryptophan were omitted from the plottings.
In the case of calmodulin, one trimethyllysine residue was included into lysine
residues.

7I2EBESLHE. e, a4 vk

I DTe Y vRIOCAY) VEEXR, —F, % B
ANAL VIR EIYVEL DI R : VEEEA VR
1Yy EEHLTWA. Anosqg v (Ca* REWVATA VT T4

F—t) i, Tomiic pMmBEO Catt
DEET2 T RIFEFE L, mM @D Ca?t 03
ETHUBEEHE DS D = L 1980 ELIkas
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% 3 Comparison of some properties of calpain I and calpain II from rat kidney

Properties Calpain 1 Calpain II

Molecular weight

Sephadex G-150 110, 000 115, 000

SDS-polyacrylamide gel electrophoresis 80 K¥+25 K 80 K+25 K
Isoelectric point 5.3 4.6
Free Ca?* concentration which gave:

Half-maximal activity 2 uM 200 uM

Full activity 10 uM 1 mM
Temperature stability (after 10 min at 58T) More than 30% left No activity left
Optimal pH 7.0~7.5 7.5~8.0

* 80K, 25K, etc., 80,000, 25,000, etc.

T LaLidin, A—EBea Ih b
I - IFRBEEREZRERC (BT L0, LrdiE
FHEDHECEERE L, TOMEEYHEEILE
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WA RIRE SR T 5.
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pre FueFo X E2F DT H T LEENFHER

X B ¥ W
TRt hE B R M OEY . A | e B OZE g e

F L & I

bhbiul, HoAate 7, —fEOBREKE L
T EhTws e RTF VY, RAxF VY
B X OBERB R R X D kis 2 »
=757 4— (HPLO) X -»TERTHHE
R LTCEL., &E, w7 2= —ADT
LAY TSR, BWEEYRTHZERR
WL, MiEho s A 722 v /7 — L BB
HPLC X vl ERT 50k xbR L.

Fto, 57T FECBVWTHB LI XAZFV D
¥ « HPLC #x v, 5l& ks, =HTFHRDL
WX hfir AL e 7 4 —ERFCHEESIRICNA
25V OMFRELHE L. LiL, ZOIEHE
Rt ThHs p-e FrFo~A % F v (1nmol
(400 ng)/ml LAF) wonTit, MifeETS
PERTOLDEHBCHET S Z & TE e,
512D T, SEIFIC p-e FeFoRRAAFY
» HPLC ki3 5 MbiE Ak 0 EREM i L
Tot.

I. OFRLIz=/—LOER

BAR LIcfiiERA 7 = =) — AV DERTIL,
%EE Lf\:m%*@'ﬁ/l/7 =/ _11,%7 =V
¥ 7 LA Y v AFEETAKEL S U v A UHRT

* AUMKRFEERET

Wy ik, SR HPLC 4B, #Hilis
BLDTH5D.

2 B FH &

D REAXROHAR

a) 0.5M 7 vE =7 &K (pH8. 5)-HE%
(6.2M) B

1L.OM 7 ve=T7#EK (pH8.5) X, 1.0M
Hik7veE=92at LOM KL 7vE=Y A
(25% 7 ve=7K % KT65 i HRLTH
B) T pH8.5 LHELTOLB. ZOT7vE=
7R L N ORIERE S ERTORATS.

b) HPLC o#EEK

D 0.5M 7+ 5-n-7FNLT VE=2V AL
Fedxo ¥ 4ml & 0.1M 7 v =7 &K (pH
8.5) 496 ml X RA&T 5. AN, RET (915
mmHg) T 5 SIS T %.

2) BEHEME

a) BRIEENE

Mg 100 gl 2K RERIFRFFCIIAL 7 2
=¥ ) — A OFEHER 50 pl s X% 0. 75 M BEHR
ft 100 %pnx, 800g T55MELTSH. 20O
L5 100 pd BEICRIG 5.

b RIS

FEAR 100 p vz 25mM 7 2 ) o7 VLAY
Va (R o=y = FHEROR YRR E L
7B LOmM) 50 pd X8 3.5M KER{LAH
Y v AYEW 200 Ehn%, 50°C ¢ 15 4y



T5. RIGEW, 1.5M WEEEEF + Y v A 504
BIO7veE=7#ERELERER 100 % N
5. BIEFIE 100 4 % HPLC it

¢) HPLC

B v b 75 7 AL EYL 655 Bl & ff
H 1L, LiChrosorb RP-18 (ki 5 pum,
#H) RFEE LIcHr 5 A (150x4mm, i.d) st
## 1.0ml/min (# 100 kg/cm? [E})) TEW L,
AT 2= ) — OB AT . B
Hix, 184 ©7 v —eA %% LicHIL 650-10
LC #¥emFJekest Hvy, i 385nm ¥
JURXEE 500nm T{T 5.

AT

BRELUEE
D &EERESRHE
HPLC X aMifidhD sz =) -1 %
EBETAHHERHILT 5 diIc, 9 10 nmol/ml
DFENT 2= ) = VOEEGHRRANT, TAh

Y WERKIZ X B 2 DRI GO THRES L.

sk, DT &GEGELZRDICERBEFE TR OK
DHEERERIE b) WHELL, 2o% D 10 fFOE

s

Fluorescence intensity
(arbitrary units)

0-1 N Il

L BRI EY AV TH IR IR OB L 8
oI XEEE (Hiz MPF4, 1xlem BiEvwn
EAD) THE L.

M1, A7 =y — A ERRE b JEHERE
R >THEERE IR LEERBOLAD AR
7 bA%RT. 385 3 XU 500 nm i ERE NG
ERIVURERXBREENZDOASL. ZOAR7
P, BRI pH, RIGCAVWS7 =Y
T LAY T AR IOKEML N U U A DBEY
BERTH, FOHBRBVTE LWELERE
o

DRI BT 5 BUCKH & £ o>
WTRE LIcEREYK 2 R RIGEE "W
28, BOh5MGHEIE L BAECET 5.
LaL, 70 3 X0 100°C @i\~ T4 UBHI,
ThENREmERE A28 E 5 &L QBT %.
FHERPCE, FHEO IVREREXB DD
<, 50°C T 15 3l 3 2 elb 2 EA K.

R3wrT o, hrv=v/—-LORE
ik, 7 =07 vALH Y T ADEEE ERRIET
CHETHRRAMBERCE LIPE IR #

b2

B

300 + 400

1 A
500 600

Wavelength (nm)

Bl 1 Excitation and emission spectra of the final reaction
mixture of forphenicinol. a, excitation spectra; b, emis-
sion spectra. a, and b;, a portion (1.0ml) of 10 nmol/m!
forphenicinol solution was treated by the standard proce-
dure ; a, and by, reagent blank corresponding to a; and b;.
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100 ~
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Fluorescence intensity
(arbitrary units)
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Reaction time (min)

] 2 Effects of reaction temperature and time on the fluorescence
development from forphenicinol. Portions (1.0 ml) of 10 nmol/m!
forphenicinol solution were treated by the standard procedure but
for various reaction times at different reaction temperatures. a,
100; b, 70; ¢, 50; d, 37; e, 23; f, 2C.

100

50

Fluorescence intensity
(arbitrary units)

L ] 4

0 10
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K3Fe(CN)s (mM)

1 3 Effects of the potassium ferricyanide concentration and the
deproteinized serum volume on the fluorescence development from
forphenicinol. Portions (1.0 m!l) of (a) 10 nmol/m! forphenicinol
solution or the solutions in the presence of (b) 30, (c) 60, and
(d) 90%, v/v of the deproteinized serum were treated by the

standard procedure.
WRIGICHAVARBN AL T = = >/ — LV EEHER
OBEE, 1L.OmM D7 VT V{kH Y T AT
BADMEHBENELRD Y, LORBEREAR
LM GEEERE 2) © a) THELCED 23

D E, LVEEED729 7V Y
ARQEET A, KERFL, ST 2=
—NEEREYRBETHEAT 1L.OmM D7 <
)7 LA Y Y Ak, ERK X ROIBE
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50

Fluorescence intensity
(arbitrary units)

KOH (M)

Bl 4 Effect of the potassium hydroxide concen-
tration on the fluorescence development
from forphenicinol. Portions (1.0ml) of
(a) 10 nmol/m/ forphenicinol solution or
(b) the solution in the presence of 90%,
v/v of the deproteinized serum were treat-
ed by the standard procedure.
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Fluorescence intensity
(arbitrary units)
w
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v LY, MCERERIGHIRE T B0 A Uitk
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mM), SERELAKFE (0. 1~10mrD o v THGY
Lichs WFhdi 729 v 7 vbr V) v 2tk -
THORDEKRBIHMED 14 UTTH-
B4y, kL7 =7 —AORBECRIET
KELA Vv AREDHECDOWTHNICL DT
HB. kN7 =/ —LOEERE X OREA
MiEx&LE0RE Y, ThZhRBCAE L
L&, WL LEERFCHVA 3.5M O KEE
L Y v ABECRARDOHEBELHEOID. 7
B, KEELA Y T ADhd DICKERLT b Y v A
HAWTL, BEREREERY R L

R 515RT X 5, RRRIGH® pH A% 8.8~
9.5 IR WTIRADMRIEHMENE SR BEH, KIG
BOBT A h ) IEEHPTH, T OMKIRET IR
iRy, FEHEIRIFE 13, HPLC OBEER A5 7 2
HYVHTHDLDT, 7 VE=TIEEREEBOR
W TR BB D pH % 9.0~10. 0 = F3%% L 7.
Fio, RIS fCHEEE FY v a3, K
BEEETA E LD, EUMEPRETA.

11 13

pH

B 5 Effect of pH of the final reaction mixture on the

fluorescence from forphenicinol.

Portions (1.0 ml) of

10 nmol/m! forphenicinol solution were treated by the
standard procedure but the final reaction mixtures were
adjusted to various pHs with hydrochloric acid (6.2M)
and ammonium buffers (0.5M, various pHs).
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3 1 Fluorescences from other substances
under the same reaction condition as
that for forphenicinol

Compounds*  Relative fluorescence intensity
Forphenicinol 100**
Dopa 0.8
Dopamine 1.5
Adrenaline 3.2
Noradrenaline 0.4
Tyrosine 0.9
Tyramine 1.2
Serotonine 6.3
Phenylalanine 0.0
Alanine 0.0
Glucose 0.0
Galactose 0.0
Mannose 0.0
Ribose 0.0

* VPoT'tions (1.0 ml) of 100nmol/m! solutions
of the compounds were treated by the stand-

ard procedure.
*x  The fluorescence intensity from forphenicinol
was taken as 100.

RIEE, 1.0mM 07 =9 7 vikh ) v 2%
WAL 80mM LA E, 25mM D7 = V¥ TV
feh v sk v Hazdinded 0.8M L
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X 6 Chromatograms obtained with (A) the reaction mixture
of forphenicinol and (B) the reagent blank. Portion (1.0
ml!) of 20 nmol/m! forphenicinol or water for the blank
was treated by the standard procedure. HPLC conditions :
column, LiChrosorb RP-18; mobile phase, 0.1M am-
monium buffer (pH 8.5) containing 4 mM tetra-n-butylam-
monium hydroxide ; flow rate, 1.0ml/min; fluorescence
detection, E, 385nm and E, 500 nm. Peaks: 1, forphe-
nicinol ; 2, reagent blank.

-

(A) (8) (C)
: |
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! J » "
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7 Chromatograms obtained with (A) drug-free serum and sera at
(B) 2 and (C) 8 hr after oral administration of forphenicinol to a
healthy man. Dose: 60 mg. Peaks: 1, reagent blank containing
some substances from serum ; 2, forphenicinol. Serum concentra-
tion of forphenicinol (nmol/ml): A, 0.0; B, 7.5; C, 1.9.
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Serum concentration of forphenicinol

) R

L, M1DARZ PAEEE—R L.
FHEBECEY, b PMFERBEMLEHL 7 2
=y — NV ORBHREFER L. BMLickr 7
=V ) —ADE— 7 DEEE, Pl Ld 250
nmol/m! MFh ¥ CHREXBOIERLR L. &
D & EoEFEHFEROHEBFRE (D 120.9998 T

1 1 J
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Time after administration (hr)

B 8 Serum concentrations of forphenicinol after oral administration
of forphenicinol to three healthy men. Dose: 60 mg. a, ad-
ministration at 5 hr after feeding ; b and ¢, administration at .

30 min after feeding.
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9 Scheme of the fluorescence derivatization of bestatin and p-hydroxybestatin with DDB.



Hote Fi, ZOREHIDLRDIMmFEFHOR
N7 2=y = LOBERBRIL, SIN=2 ik
T LO0nmol(197ng)/ml TH - 7=. = 1 i,
HPLC oFEAETETE, 8pmol(l.6ng) Dk
N7 ==y —ABHEYTS. BRIRARCES
BN T 2=/ = AOFRMBURERL, MiF 100
2 1.0 BXY0.25mmol DAL T 2= —
AEREMLICSE, £hEh 98+4.2 XU 95
+4.8% (PHfE+FHERE, n=10) Th- 1.

AERCIAMBE AL 7 2= ) —LDE=X—

GlE LT, 60mg DAL T ==/ —LREHEA
B wEnEs Lt EomBFERERLEHIE
L. #FE%HE8erRT. kil e, #X
RIGCHBELR 7 2V 7 /AbH Y 7 A DEEITE
BtEDfMiER & - TEHPET LR D DO
T, K8k 5 ERMERAMFTHERL T =
= =A% Gl ERIN Ui B E R IR B AR B 3R
DTS, BREE Liclni 3 BB LT, &in
Ltk 7 =2 ) —ADE— 7 XFA—ENE
BWTRIERUBIRERL, s 72227 —
DI RER TEI L - T

AU BT BRI LKEEYR, X8 TRbdIb K
tho 2 BEfEI R X O SEFHIB O R MG DAL 7 =
=Y/ - AEEYZRER 10 BIEHE LAIE LT
Rt TOLEBERE CFAEERM) 3, Th*
H 5.3% (7.5 nmol/mD) £ XU 6.8% (1.9 nmol/
ml) THote.

II. p-E FAFIRRYFLORBRHEBE(

preFaxoRRXFVOFmI-KEXS <1k
EOREBYEIB wiRd. ZOM¥Es bk,
e VX oRAXF UiV AFZETT
NA Y TR I b L (Reimer-Tiemann [T
B, BHMALRK I - THELLEFE7 LT L
FRIOHIE 7 < fbF] (4,5-0 4 b o-1,2-9
73i/sxv¥vEe/iEiE (DDB)) L §5EE i
(pH3.8) TRIEZ ¥, BWRFHBCH LT

H5.

£ B F *

D BAFHEERS

B 200 gl o 3.0 M KEEL S V v AT
S0pl Lrzmuaknan 100p iz, 60°C T 10
SiElRET 5. 13.0M FEEE S0l M THr
IMERIEREIET S & L b, BERIEOEH
pH3.8 wif %, 1.3mm DDB ¥y 300 ud % fn
2T 60°C T 18 HRIBEHRIET 5.

2) HPLC &%

Bk s r= 7S 7 AL ENEYE 803D
AL, FHHE 0.8ml/min WBRE L. 75 A
(150 x4 mm, i.d.) % Li Chrosorb RP-18 (¥7%
Spum, 2N 7)) BFEE LI OT, BEEKTIE,
Teb=bYA, 9.2M H{LH Y v A-HEEEEHE
¥ (pH2.2) XU 0.05M ~F+ v ALK VR
FrY Y AORWE (M08 »EHT5. 8%
B, 124 070 —w 2 Uich RF-
530 4 = 2 — %AV, BhEMEE 348 nm kX
ORNEE 420nm TFF 5.

BRELUER

LK T LRI, Fr v VIR A
T5HR7F Fiext LTh DDB D% 5 < bk
Ext. pre FeFrv_XAx2FvEIOFry
VERERTF VBT, HPLC-UV il (B
£ :260nm) o X T Hh i bl %,
HPLC #¥tkitiic X » T DDB i X 2405
b2t h Thist L, ERAEh i
HERFR .

M 10w, ZORFIL > TRl p-t Fexv
NRARFVBIRF e v VvEHEXTF FORES
~AethRsii S B HPLC TH8EL, ¥
Lict&Drzue=t 75 a%5d. £ <14k
RIS TS, D&%, p-& Fex
VRAZFVEBROCTHDRTF b, VR
THHHM RTF VEERHNHE LT URERG



MK - HPLC kB MIFHRAT =2 =2/ —ADEREKE p-e Frxy R 2 Fv D7 v 5 A EFLEEL

(A-1) p-hydroxybestatin &0

YGG
YG

Leu-EK

GY

ﬁ (A-2) reagent blank (B-2) r reagent blank

§ 4 8 12 16 20 24 28 32 36 4 8 12 16 20

Time (min) Time (min)

o

10 Chromatograms of DDB derivatives of formylated p-hydroxybestatin,
tyrosine, and peptides containing tyrosyl residue. HPLC conditions :
column, LiChrosorb RP-18; mobile phase, CH3;CN-0.2M KCI-HCI
(pH 2.2)-0.05M sodium hexanesulfonate (A-1, 2; 26:64:10, v/v),
(B-1, 2;18:62:20, v/v); flow rate, 0.8 ml//min. Concentrations of
compounds used for derivatization : A-1, 20 nmol/m/ each ; B-1, 10
nmol/ml each. Abbreviations : EK, enkephalin; Ang, angiotensin ;
Y, tyrosine; YG, Tyr-Gly: YGG, Tyr-Gly-Gly; GY, Gly-Tyr.

tyrosine

YG
p-hydroxybestatin

= YGG

@

2 GY

X

S

o Leu-EK
Met-EK

nmolfinjection volume (100 /)

11 Relationship between the peak heights and the amounts of
p-hydroxybestatin, tyrosine, and related peptides. The limits
of detection (pmol of the compounds in an injection volume,
100 pl) : p-hydroxybestatin, 4.0; tyrosine, 3.4; YG, 3.7;
YGG, 5.2; GY, 6.4; Met-EK, 10.5; Leu-EK, 8.7.



UHREOBEDF & FEY o — AFHICEBEINT:.
ek, 7m< 7354 A-1 © HPLC & T T3,
re= bt /5 n8 A2 REBFACHE IV YRS
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5.

Filo, ThbokAWE, BRELCEFIL-
THBM I v s fbEh, »> DDBrrk -
TEX#E IR ThOOREHRYE 11 @
AT WThLESYdsERYRT. RERA
1%, SIN=2 THE\W\T{, p-e FrFoyRRARFV
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BEER L, EbLH, SIS O MO,
BIUOBELEHL, —70°C CFEELE. B2,
10 f5& D phosphate buffered saline (PBS, pH
7.2) OFBT, HEFEEY -+ 49— (ultra-tur-
rax) x HWT 1 5HF 2 2 54 X Lk, BERE
HoflETIE, kAT %~ 0 3,000xg,
20 s OELEFEYRHVI.

BXREEMHE
RAT m=r® (00 pg/H), mARFF U
(500 pg/H), ~AZF V9 (200 pg/A), BLLOC

BT z=v =" (600 ug/B) AR AKK
0.2mD) s L, 8 1H, HEA 8 ARE
BftE Lic. BRI, A8 AEHK (0.2m) %
RS Lic. BEDEOHEIR 1R

X B
BERIGEHENERAOXBEI TR0 L O A1
L-glutamic acid f-naphthylamide hydrochlo-
ride (Glu:-NA), L-arginine B-naphthylamide



NH;

CH3 CH; Cl)=NH
GH-CH; CH-GH; N
CH, CH, (CHz)s HO_ MR,

CHs «CO—NH—('>H—CO—NH-(I}H—CO~NH~(|)H~CHO OHC@ CH-COOH

Levpeptin Forphenicine
CH;
@ (I)HACHg
CH, OH CH, HO  NH,

H, N—(I)H-(I)H~CO~NH-('>H—COOH HOHzC—@ (I)H-COOH

Bestatin
Forphenicinol

Bl 1 Structure of low-molecular weight enzyme inhibitors.

hydrochloride (Arg-NA), L-proline f-naph-
thylamide (Pro-NA), vr-leucine B-naphthyl-
amide (Leu-NA), r-formylmethionine fB-na-
phthylamide (fMet-NA), L-phenylalanine -
naphthylamide (Phe-NA), glycyl-L~prolyl-L-
leucine B-naphthylamide hydrobromide, Ne—
benzoyl-L-arginine ethyl ester hydrochloride
(BAEE),
(ATEE), acetyl-L-alanyl-L-alanyl-L-alanine
methyl ester (Ac(Ala);-ME), hemoglobin,
p-nitrophenyl-a-p-glucopyranoside (NP-Gle),
p-nitrophenyl-a-p-mannopyranoside (NP-
Man), p-nitrophenyl-N-acetyl-3-p-glucosa-
minide (NP-GIcNAc), 1-“C-creatine, p-ni-
trophenyl phosphate (NPP),
acetate (NPA).

Ne-acetyl-L-tyrosine ethyl ester

p-nitrophenyl

RESRISPE DI 2 F D AR T 0. 02 M PBS % fius
oo L, #F7 v DORECIE 0.2M
sodium acetate buffer (pH3.2), 7 v7F v+
> —EDPEILIL sodium glycine buffer (pH

9.0) ¥R

HREMLORE
A T2 = % — b DML EHSER, ThE

RDIEER SR L0 PBS # 4 G RIGARAE (1.5
X10ecm) 2 L, 37°C ¢ 1 B O RKIE % 1T - fe.
T vDE VT FVEF— EHR RN
#oxe v, pH3.2 & pHI.0 O&HT CTRIG%R
fTote. TRNTOBHKIGEDNB L3 AT DD
RISRBRE R, TOFHILERRK L. AR
FIEME DI B LORIE ST B3R Ll 5.

Thbb, THEDT i 7 R7F & — EiEREOH
Ei%, 2mM S-naphthylamide ik (0. 25ml),
PBS (0.65ml), L XU kiFsmHE (0. 1ml, HEFR
FO 2HOCTRIEETV, T TE®E LS
LD TR [F 8, 525 nm DREIEEERHIE L
fo. Y T eTF 4 —EEEONER, 75mM
RTFF2ATABENE N-TFL T 3 /8
IEE LTHY, T CREE LY ©R
a1k, 525nm DORKEEEA E U,
v DIEREOWEE, 0.5% ~xrey (L0
ml, pH3.2) ML LTHNV, BE#oHEM Y
TRIG#H ko, 280 nm ORFIEEERTE Lic. 7Y
2 v — EIEHE D JIEIT,
Atk (0.1mD) #IEHELTH W, BEHROFH
IO CR RS (%, 400 nm DR SELE L BIE L
o. 2 VT F VRS —EEEOMNER,
v7 5 v (1-4C-27 v 7 9 v, 50,000dpm) # 3
e LTHY, RIGHKTH Dowex 50 (HY) » 5
& DB O BEAEE A IE L™, & 2 7 5

T

2. 5 mMp-nitrophenyl

ImMm 7
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# 1 List of the enzymes measured and their substrates

Reference for

Enzyme Abbreviation Substrate assay method
Aspartate aminopeptidase (EC 3.4.11.7) AP-A Glu-NA 1, 11
Arginine aminopeptidase (EC 3.4.11.6) AP-B Arg-NA 1, 11
Proline aminopeptidase Pro-AP Pro-NA 1, 11
Leucine aminopeptidase (EC 3.4.11.1) Leu-AP Leu-NA 1, 11
Formylmethionine aminopeptidase fMet-AP fMet-NA 1, 12
Phenylalanine aminopeptidase Phe-AP Phe-NA’ 1, 11
Tripeptide aminopeptidase (EC 3.4.11.4) Gly-Pro-Leu-AP  Gly:-Pro-Leu-NA 1, 11
Serine proteinase (EC 3.4.21) Trypsin-like BAEE 1, 11
Serine proteinase (EC 3.4.21) Chy-try-like ATEE 1, 11
Serine Proteinase (EC 3.4.21) Elastase-like Ac(Ala);-ME 1, 11
Carboxyl proteinase (EC 3.4.23.5) Cathepsin D Hemoglobin 1, 13
a-D-Glucosidase (EC 3.2.1.20) Glucosidase NP-Glc 1, 11, 14
a-D-Mannosidase (EC 3.2.1.24) Mannosidase NP-Man 1, 11, 14
B-N-acetyl-D-glucosaminidase (EC 3.2.1.30) GlcNAc-ase NP-GlecNAc 1, 11, 14
Creatine kinase (EC 2.7.3.2) CK 1-14C-creatine 7, 15
Alkaline phosphatase (EC 3.1.3.1) Phosphatase NPP 1, 11, 14
Arylesterase (EC 3.1.1.2) Esterase NPA 1, 11, 14

x—Eleb R =AT 7 — ¥ © JME L, 15
mM p-nitrophenyl AL EHE LTHW, I
HoFE O TRIGK kD, 400nm ORKEEZ
E L.

ZEROAE
M#EAL LT, YYmi7A7 s YA,
Lowry ' -CillE L.

R

BREFIEE O LY, WAk HEE L LT Stu-
dent ® t {HTEL, TOTFAHDOKEVL D
NH=2AFAMADKE NS DOANEIFALZST L, %
DR 2T D B % Spearman D JFEHZHEE]Y
e (r) ELTHELL.

RREIUEE
oA PR 7 4 —= 7 ACHIBO 4 BHOMHE

WH%ZER (1H1ED #4511, 8HRTERL
Db, _ﬁﬁﬁ%) &Hiﬁﬁy ‘L‘) M) H; %%jﬁ"jﬂj

L, R1RRLE 17 @R COWT,
T OEE R BF L.

K212, MR 5RERMOBELRT.
v A XFF v ERETIY IMet-AP, chy-try-like,
cathepsin D /g & DG E Z N 5 FH %
A Lich, AP-A, Leu-AP, phosphatase, ester-
ase 7o &K OFEER, FECETTHMACHZ
EEDORI.. _A2F VSR Tk Met-
AP 5D Z HinL 2 45, AP-A, Leu-AP,
Phe-AP,
kinase, phosphatase, esterase 7¢ & DG HE
AT T2 @A h D EBRBEDBRI. ¥,
RN T7 2 =v s —ABEETCE, {Met-AP EiE

trypsin-like, glucosidase, creatine

DR LI-Dwext L, AP-A, Leu-AP, tryp-
sin-like, chy-try-like, glucosidase, GlcNAc~

ase, phosphatase, esterase 7z & D% < DEFFEIE
MREECET TAHEEACH S EBEDLRL.
XD, w7 ==vv EERE T, AP-A,
Leu-AP, Phe-AP, trypsin-like, chy-try-like,
cathepsin D, glucosidase, GlcNAc-ase, phos-
phatase, esterase 75 & D% DEEFIEN: KX BHE



% 2 Changes in enzymatic activity of forelimb muscle of dystrophic mice
induced by low-molecular-weight inhibitors

Specific activity+S.D. (N=5)

Enzyme

None(N=10) Leupeptin Bestatin Forphenicinol Forphenicine
AP-A 1.63+ 0.22 0.95+ 0.60** 1.26+ 0.22*%* 1.284 0.06** 1.24+ 0.31%*
AP-B 10.45+ 1.53 8.39+ 2,29 9.22+ 1.14 9.08+ 1.42 10.04+ 1.36
Pro-AP 2.65+ 1.25 2.42+ 0.49 1.45+ 0.43% 2.54+ 0.85 3.67+ 1.18
Leu-AP 8.96+ 0.93 5.68+ 3.45* 7.67+ 0.74* 7.58+ 0.12* 6.65+ 1.49**
fMet-AP 4.03+ 0.36 6. 344 1.41%*+* 5.17+ 0. 67*** 4.60L 0.07** 4.42+ 0.80
Phe-AP 14.23+ 1.31 10. 87+ 5.32(0) 10.93+ 2.31** 13.59+ 0.58 10. 54+ 2.25%*
Gly-Pro-Leu-AP 1.16+ 0.18 0.94% 0.48 0.97+ 0.18% 1.03+ 0.15 1.194 0.26
Trypsin-like 72.79+ 8.72 102.07+47.93% 54.42+21. 40* 55.11413.43** 43, 09:16. 95***
Chy-try-like 74.98+14.62 134.26425.32%%*  63.53+23. 28 90.06+ 5.96* 48.01419. 05*%*
Elastase-like 49.00+ 7.51 48.74+18.50 45.76+18. 82 54.11+ 7.22 45.36+15.29
Cathepsin D 0.0069+0.0007 0.0085=0.0009** 0.0071+0. 0009 0.0066+ 0.0010 0.0048:+0.0017**
Glucosidase 0.71+ 0.24 0.74% 0.16 0.40£ 0.04* 0.43+ 0.0* 0.34+ 0.07**
Mannosidase 0.17+ 0.15 0.31+ 0.28 0.14+ 0.03 0.19+ 0.05 0.14+ 0.01
GlcNAc-ase 1.75+ 0.55 2.22+ 1.07 1.22+ 0.250% 1.13%+ 0.14* 0.61+ 0.27***
Creatine kinase 22.51% 4.76 19.75+10.43 16.05+ 2.74* 19.27+ 3.48 18.01+ 2.85¢%)
Phosphatase 4.34+ 0.92 1. 67+ 1.23%** 1.464 0.20%** 1.424 0.19%** 2,40 0.29%%*
Esterase 131. 56+45. 58 67.62+16. 80* 62. 57+ 2. 85*%* 57.31:4 4.81*%*  43.77+12.97**

™M), p<0.1; %, p<0.05; **, p<0.01; *** 5<0.001.

% 3 Changes in Enzymatic activity of hindlimb muscle of dystrophic mice
induced by low-molecular-weight inhibitors

Specific activity+S.D. (N=5)

Enzyme

None (IN=10) Leupeptin Bestatin Forphenicinol Forphenicine
AP-A 1.60+ 0.23 1.44+ 0.22 1.54+ 0.09 1.28+ 0.38% 1.36+ 0.48
AP-B 10.07+ 1.35 9.60+ 1.55 10.78+ 0.56 9.76+ 0.66 8.35+ 1.06*
Pro-AP 3.63+ 0.78 3.14+ 0.84 3.48+ 0.22 4.22+ 0.56 3.99+ 0.44
Leu-AP 4.56+ 0.37 6.46 0.20%** 7.12+ 0. 37%** 6.15+ 1.49** 5.93% 1.44%*
fMet-AP 3.60+ 0.31 4,87+ 0.88** 4.70£ 0.27%%* 5.24% 1.40%** 3.82+ 0.83
Phe-AP 13.41+ 2.12 11. 36+ 0.78% 12.11+ 0.70 11.86+ 1.24 9.38+ 2.69**
Gly-Pro-Leu-AP  1.28+% 0.17 1.38+ 0.11 1.32+ 0.09 1.15+ 0.15 1.08+ 0.25%
Trypsin-like 36.40+10.94 52.35+ 8.58% 38.05+ 5.01 33.81+12.51 22.51+ 4.33*
Chy-try-like 40.17+ 8.53 50. 92+14. 82(%) 40.90+ 6.09 51.95+12.75% 25.21+ 4.03**
Elastase-like 29.68+ 4.94 36.06+14. 86 34.20+ 3.644 31.55+ 5.29 26.00+ 6.00
Cathepsin D 0.0042+0.0005 0. 00564-0. 0005*** Q. 0047 +-0. 0006 0. 0043+0. 0009 0.0034+0.0011¢%
Glucosidase 0.49+ 0.08 0.52+ 0.09 0.52:+ 0.03 0.45+ 0.09 0.37+£ 0.15™
Mannosidase 0.21+ 0.05 0.21+ 0.02 0.23+ 0.02 0.18+ 0.03 0.19+ 0.04
GlcNAc-ase 0.86+ 0.15 1.20+ 0.19** 0.98+ 0.19 0.96+ 0.09 0.71+ 0.26
Creatine kinase 35.68+ 4.56 32.88+ 4.69 34.83+ 1.78 35.33+10.41 25.71+% 2. 43%%*
Phosphatase 1.90+ 0.79 1.43% 0.50 1.71+ 0.26 1.44+ 0.63 2.71% 0.51%
Esterase 46. 424 7.50 49.95+ 5.95 49.11+ 6.36 50.71+ 9.04 34.65+ 9.29*

) p<0.1; *, $<0.05; **, p<0.01 ; ***

, p<0.001.
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5.3 Ci3, AP-B, Phe-AP, trypsin-like, chy-
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ET3T50xL, Leu-AP JE¥EOLFEICH
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Pro-Leu-AP, cathepsin D, phosphatase 75 &
DIEVEDIIN Lic s, trypsin-like EEOXEE
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% 4 Changes in enzymatic activity of spleen of dystrophic mice

induced by low-molecular-weight inhibitors

ZhsDiEY

Specific activity+S.D. (N=5)

Enzyme

None (N=10) Leupeptin Bestatin Forphenicinol Forphenicine
AP-A 0.524+ 0.18 0.43+ 0.05 0.35+ 0.03" 0.50% 0.09 0.64+ 0.16
AP-B 16.74+ 1.15 15.78x= 2.60 18. 40+ 1.35* 15.69% 2.07 12.53+ 3.58**
Pro-AP 1.47+ 0.04 1.60+ 0.15* 1.65% 0.17** 1.794 0.27** 1.48+ 0.40
Leu-AP 4.38+ 0.98 5.11+ 1.48 5.94+ 0.63** 7.13x 1.03*** 5.02+ 0.82
fMet-AP 11.94+ 2.13 12.96+ 2.97 10.85+ 0.75 10.86+ 1.29 11.51+ 0.92
Phe-AP 4.29+ 0.12 5.73+ 1.10%** 4,70+ O0.46* 5.77+ 0.12*%** 5,47+ 1.00**
Gly-Pro-Leu-AP 0.55+ 0.01 1.03+ 0.35*** (0.68% 0.05*** 0.87+ 0.09*** 0.94+ 0.41**
Trypsin-like 231.33+ 52.17 160.73+ 73.59*  170. 03+30. 56* 175.03+ 10.93*  179.99439. 37(»

Chy-try-like
Elastase-like
Cathepsin D

351.13+113.35
147.43+ 97.42
0.0303+0. 0129

299. 83+119. 69
126.57 & 55.77
0.0384+0. 0134*

198. 37 +:27. 66*
103.60+31.54
0.0476+£0. 0174

209. 97 £120. 64*
134.92+ 13.84
0.036640. 0129

248. 64 +68. 27"
195.18£64. 61
0. 0293 0. 0202

Glucosidase 1.05+ 0.32 0.76+ 0.34 0.85+ 0.19 0.15+ 0.16%** 0.69+ 0.05*
Mannosidase 0.74+ 0.30 0.49%+ 0.34  0.48+ 0.1209 0.0 & 0.0%*  0.10% 0.14***
GlcNAc-ase 9.1+ 9.81 3.43+ 116  3.92+ 0.96 2.27+ 0.13 2.04% 0.22
Phosphatase 194+ 0.32 2.43+ 0.48%  2.02+ 0.33 2.54% 0.95% 267+ 0.45%
Esterase 1527+ 1.10 16.52+ 1.27% 16.50+ 1.02(9  34.66: 2.05%** 24.33% 3.77+x*
™, p<0.1;5%, p<0.05; =%, p<0.01; ***, p<0.00L



# 5 Correlations among enzymatic changes induced by low-molecular-weight inhibitors

x Forphenicine Leupeptin Bestatin
Organs
Y Leupeptin Bestatin For-nol Bestatin For-nol For-nol
Forelimb 0.69* 0. 94** 0. 92** 0. 86** 0. 88** 0. 97**
Hindlimb 0. 75%* 0. 84** 0. 86** 0. 96** 0. 94** 0. 98**
Spleen 0. 92** 0. 89** 0.08 0. 95** —0.13 —0.15

*, p<0.05; **, p<0.01.
For-nol : forphenicinol.
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T 2=V =N BIOKRALT7 2 =2 VI A
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PHE M 2 R TR E O 5 & b iR D RERM
DOEFNL, Al X OBV TEVWEL
PERLI, A7 2= Viinf RS+, X
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P74 -2 ADHBRICHERTH D Z LRTRE
L.

—7, BoOEFEMCHLTUL, _kAr7 o=
— N DLAPMUDOMHEWEOIER & Ricd & L %38
BDdie. w7 2= —nid, SEREHC
L, iolAEMREB R 2PEXELBbDL
EZxbhb.
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EAE == o MTHF A v A XTF 2 OR)HE

a Bt =

BRBHE L A B A

TR 7 VX —RERIZ (EAE) 1%, i
RO AED S VIR ENEEA (MBP) TR
{E I A Us RO KB T, e b
D% REFEO—EBET L E LTHEZIRT
W5, = EAE whbh bBsHED £ 5 = X
AT A /B I T % A5, Cammer?
13, RERIBIC X - TiE#EL X i macrophage
7% plasminogen activator % & ¢s neutral protein-
ases ¥ WL, ZHIAHBOBE AR T L BN
T\ 5. 3 L I @D neutral proteinase, & < i
macrophage 734U 3 % plasminogen activator
1z X - C plasminogen /1 H&H & h % plasmin
PABEERE B ORI A G 2 O T ORI
iU HTH L THEOE, ZOREEORER
HThdrfTF o5 X » T EAE 0%
R ENTELD TRV EZLDRD
DTH%S.

XS EIZCEINT, EAE =L %, b
T hrARTFVOMBEEELDLENND, U
TOERET -

Pl *E

220~420g DRF LT » biZ, FCA %
Mz t-fiikes=%— b 0.1ml 2HFHLOKA
L CRIE LY. ZoEAL T, bR 4RSS
o, SR (15 IO E(FITE L D 1H 2E, =

* JULRHEFR RRETRRER

-5 5 F B

17 F v 25mglkg ¥ EEMCEE L O,
592 B (15 7o) 1 XREIEHE 1 ERA X b Atk = A
RTF R LSO, 35 (15 TD RRE
LicBhbrAXTFvaib Lcb o, H45
(TR Ze A _TFvofEbdiThith -t d
DL L, WTFhb REORE & ERIRI I BE 2 ki
W, EFELELOTNT 2l HAW 4% 27 7
N A+0.5% 7 — AP CHREEET - .
PRIRFER DB, 0, FolclREDHA LKL
WIREE 5 1, ERD & ESCH TR I8 <
oo ToiRAE 5 2, BEEOEBRIL & PEEREE D A
Lhicikig 3, FLLEBREOLDIR E AL
Bdis etk 4, T ES5ERETT
TiFot. BEATZEIRI-ZHE D score DT
b @Y, TOGDEKMERELE L.
B, HLOHETDID, BPTHIREERXT 12
LB E LT - T

ZEAE P X DR UL, TR D T REAE
ERFHEMS, EELEE, SR, Moz
i X OER A O 5 Tk Y b i L, H-E
PR ER Lis (B3). *h ¥ hoflif
[ Z LD E 2 KD X 51T 6 BV Takhl

LR (ED. 0, FoilREDOLLRILVD

D1, 7ERETE~OLTHRMREN R 4R
hizdo;2, 1 L3o0FE0LD 3, 7T
i O # e 2 P I SR P o0 i SR B~ O Ml iz
Mhikbhicho 4, 3 & 5 oFEOLD 5
ChLOFRBEAC LA AEECRbR, FH



DRREENE LWL D, Zh b grading % score
EL, SROELROERYMELELEELE Y + O
HREEIER & Lie. KBTI X W B o fE
MTERDPSTDR, E1HEDIFADRTHS.
HRHECAGREBIL, BRGSO RIFRH
K, ARG, bRICRHE, RER, BRRKWERE
B, MRVEAERE, MBFT RS XOREOHEE L
EThHb.

= RELEL A2
® E X

FERRICIL, £ 3-4 B LTHE 1.2 B
L D TRRLERDHFMI AR O I, ERFEHE

BB TERL - IERATL, FOMBGAY LD L
B O icfifadErEZs bhic bbb, Mk
DG RERDIEZ I BERTH . Lvl,
WTRORERIZE T BHOMICH BRI
Bxhieh o1

% i H

FERDOREBIN LS hIcBRRT. RIERC= A
_IF VOB EZ T o o 34 BT
15.4+3.4 H, zhic LCHE 2T B,
HIBTIN2 BN CRIETAHERERY, #
SHCHEBEREDDRLVY, rARTF
LR CILRIEDEN B HAIR E N

# 1 The effect of leupeptin on the EAE guinea pig

Incidence Clinical onset
Clinical score Pathological score
Clinical Histolqgical (day)
Group 1 11/15 14/14 17.4+3.6 1.5+1.3 13.4+4.8
. 73.3% 100%
Group 2 10/15 14/15 16.9+4.1 1.5+1.4 11.8+6.0
66.7% . 93.3%
Group 3 13/15 14/15 15.0+3.3 2.0+1.2 12.6+4.8
86.7% 93.3%
Group 4 6/7 7/7 16.1+3.5 2.1+1.3 13.64+4.7
’ 85.7% 100%
.R-_
R
,go 120 ' "‘-h = Group 4
z 7 ™, & Group 3
Vi j o o Y
z 4 AN g
o 7 - ™,
s F p == - o Group 2
AL 4 A p
s A~ Group |
i/ &
100 2
5 10 15 20

Experimental day

1 The mean weight for each group is expressed as percent
of the mean weight of the respective group at Day 1.



EAE 2L Ey T B R4 RNTFVORHE

100
2 Group 2
Group |

95
= Group 4
Group 3

b, A
-4
90
I 15 20

Experimental day
B 2 Percentile loss of BW relative to
the maximum BW gain (100%) in
each experimental group.

BRI EERE
BEERECRALMAGEVI LWL DD, F
BT DWW TR B BIE, FBIELFIAD = A
R7FVvOHEEERZTRE 12 FTXvwThi
1.5 THHORHL, HIWETIL 2.0, FL4HT
2.1 CEEEAH LT\ i, R
58 LB R RIS O M4 7HE B RS
Bicwhy, ity 3-4 B L 1.2
BECRHIIR AR VIS R Z T .

AREERERE
MR EOBRE B D WILE DR D I EieD\u
TOBTHHH, 23 HTOCEMENAD
hi:b o0, FEOEIBBLAL,h T —h,
&BET, RIEH B X OEIKREERL O RED
Gl TIHRE DWW TR T - 7o, ZOHR,
RIELT 3~4 HARBORIEATRERHLD
HiZ o 7B WITESd bl d O D, sacrifice ¥
T 9~11 A O MBE /R Lch DT, H4HF

Bl 3 The five transverse sections of the brain
and spinal cord from which the patho-

logical gradings were made. The sec-
tions are through the optic chiasma, the
upper medulla and the spinal cord (the
cervical and lumbar intumescence, the
mid-thoracic level).

Db OZMfaRE 7 2 FE TR mERBCE
RE L, FoMlanfEEL L A £ 2% mononu-
clear cell THHOEHR L, TDOMWMDOFETIIZD
M FBEOKES I LI B hOICERENA
BET MR LbR, ZohISELEE LD
TERER A HIZ -7 (B 5). ¥7, 7 = FEOF
bz X5 karRobh, L RE 1.2
BB TH - 7.

HEDOHE

BIFL A OREY 100 £ L, ZOROEAEHE
HTTRELELONK ] Tho. FEIPLHAREL
BRIEFREOREN A DR FhERILEH,
12 B H ¥ CRMsHERNZRT D, Lo’ £
5 H ORI L\ §4 pattern 23R b, EPn
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Example of the
pathologies of varry-
ing severity, with
which the grading
was determined. A :
Grade 1, in which
only slight cellular
infiltrations into the
leptomeninges were
observed, while no
parenchymatous le-
sions were identified.
B : Grade 3, the cel-
lular infiltrations in-
cluded parenchyma-
tous perivascular reg-
ions. C: Grade 5, in
which the parenchy-
mal tissues were ex-
tensively  involved
with cellular infiltra-
tion as well as tissue
destruction.



EAE =L Ey NERT B oA XTFVORNE

o

5 The encephalitic process involving the perivascular regions as well

as the parenchymatous tissue remote from the blood vessels. The
infiltrating cells identified include neutrophile, round cells, and mi-

croglia.

This case was given leupeptin prior to administration of

antigen (Group 1) and differs from Group 4 cases in which the
pathological processes appeared to involve only perivascular areas at

this stage.

TR~ E BT LT e B2 BHOKERER
i, RER1EHE ¥ T 3.4 BELIEFEBRCH
MLTWBA, KO 2 AECEREH HIRD OFF
Wrd o, FOBMALm»> 00, 12 A%
g A I AR BRI, TR bI-AL
T, F1HTE, GEHNOEGIPVLOD,
IOY— 7 ET AR 14 HH ERREL
> Tk D, ZOBRDFERDIIEE TRSILD
DTH» 1.

wic, RERDVOEEXHALIICT S HND,
v— 7K EY 100 & L, 2OBORDEFE
Licb D22 ThHD. HABIAMCE LV
BERAR ELTOCH LT, F2RITHA, L
HLEADEEIIRVLDTH T FLIFFEA
WP ERT OO0, BAOEGIPRI ST
HEIWTIL, FALGERBOEAR LR

Z =

e A <750 EAE x5 ik L OHRE

BERLEVCOITENSINDOMEY LD L, RBIER
ToWTIY, BRI AT F v oRERT
blieh s B TPREV L O CBbhi. Ak
HHEBE, WThdERCHESZLR, =4
T F VISR LI R L ORICERED DR
hote. Fie, BIKMEEECAKWEER T
BT BEGEVVE A BRI LAl

SEIRZ IV O DOBHEE OFR T, HRICE
NALRILDORHB. FD 1 DFKAERDE
B Fbhsb. 2Eh, HohLHrAXTFV
OEERZT T\ 12 BT, JERERX
DRIENBAIZETHD. 2O LR, HDE
EHRBHCEYORELZRTHEOLIICL - T
HSTbhATWA L oBbhs. BT LLIER
HE O & FERD ORI L (I —F L Tuiew
P, BRI ERD R LE 2 BRI,

BRI 7 R ERE I OB 32 D £ 2 (AEFA DR
FHEMOEGCEBITLTWS L O IE2 5D T
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DRIEFEZ BORDIELH D LIMETE R



WIRLTYH, [foh0pErE x5 EAMHE
hs.

KIT, ¥— 7Bk < FEBED OBBOWT
BBH&, H 34 FECHELT, F 12 HoF
DIERMBLE D LFiAb e A 7 F v s L
BT, EBAVOEHAINIL, LrbEhd
BETAHHACHHENSITETHD. -7
FELICHESY 100 &L, FOBOBIYEST
R OHFBLX, 1980 4£ic Brosnan® 234 D
proteinase inhibitor ® EAE 5, e 5%}
REHETHORHAGCILDER UFETH 5.
Chictsé, 1.2 BEoRBIXe A XTFy
DREMBUEXTRTLDEHMIIhBZ Ltieb. L
L, RIEMTLLORERMOHEB Y 2B &,
12 B B3 -4 HLEOBRYILIENA
b, vARTFvOREIGEHEORIMAH] DO
HELE I35 BEhLY ofiE L RBicsh b
DTHHZ ED, ZOHEOETHTOWTILe
ARTF VPN OBEROME, o1 K2
BOEHOEPCE 2 DA b L AR ERTDWT D
BEIhicd s, —HeHE & HET5
ZEIRTERVISELRS.

R, IBFEDOABTRAND, vARTF il
L LT 123 B EENA~O fEE
MERBE»S T HRIAVCHKRCE TRATED,
= O DY microglia R4 L OifFd
BKBREZ2Z & ThD. Zhbofifaiz EAE &
BEBWTUELEADLRD LD TH B, &<
CEFRERIL 2B DR R AR O L\ B AL
CHE L, BEEDCmE X Y RIE L mERS
X o TiBEEh%, EAE 2 &L » Tk kW
BTl L T3y, Zo8e, HERN
CiIVhP o ERMEEELOREDTH BN,
ZOMENAHBE LTW5B &5 & S RED N

FREOREDOPCHFETHZ ExBE®RTELD
ThHY, rARTF Vv REE Uieh o B & ik
THEREDRINASBIELTNBZ EHRTLO
EBbhB. COREERROWTIE, & L EHE
HAEIDNM Uk 5 T e D IRIREEN R T\ B D
y BOEGIRERBECKETIC XS Ol
E At BExLbRhBL, ¥, £Zee
ARFFUYRED L HSREELTWB DML
DVTh, FEOLHRDHTHS 5.

v A _7F v O EAE Eiipest3 5 B S
DT, 1980 4Ei1C Brosnan 5V piEERR{T -
TEDY, BRI Eh oL LTS, SEOFKER
T, BEHEHHVIHESERLEZIHDIRIR
SREFRERELRVEIN OB BN, Th
b OEFICDOWT LM 2 5 &, EAE OFIE
BIUERCK LA D DOBEIIRBIhD L O
D, ERHDEOEN DT B DIERHERRDN
twiHiiEbhs.

X 3

1) Brosnan,C. F.,Cammer, W., Norton, W. T., and
Bloom, B. R., Proteinase inhibitors suppress
the development of experimental allergic
encephalomyelitis. Nature, 283, 235-237
(1980).

2) Cammer, W., Bloom, B. R., Norton, W. T., and
Gordon, S. Degradation of basic protein in
myelin by neutral proteases secreted by stimu-
lated macrophage: A possible mechanism
of inflammatory demyelination. Proc. Natl.
Acad. Sci. U.S.A. 75, 1554-1558 (1978).

3) Waksman, B.H. and Adams,R. AD., A his-
tologic study of the early lesion in experi-
mental allergic encephalomyelitis in the
guinea pig and rabbit. Am. J. Pathol., 41,
135-162 (1962).

0 HEDFETF, UBH. NK-381 o<y 23 X85
y MBI RMEEL 5 v Mtk s 5 EMO
KECOEESPEHEVE. RepOF - AUERER, 3, 9-22(1977).
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FRF1 57 FEOHRLTE T,
ME X b, v FomEN B TETSZ
Ew i, MM 54 EEORRRCET ST v Ml
EwsdT 528 e —FToR2 8. ZORE
ER DR & LT, MREEkEm (R 54,
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HoMmE ERBEXIRVWTRETE e A RTF VO
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B RTFURELE, PRBRAEHICET S B
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FUHRHB IOCHFHEH == —r vz T5% "
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v A RTFTFVD

24~33 HpAZ » P 2 BB L L, AT F
vV OBER X DR RETE L.

D FEF - b ORMER-FIITA
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— R L CIMEO G & = 2 -2 flv, #HIR
AT =T LIIE TS L.

2) T FRIZREGEE
T—FABETR, 59 F (2HA8) MHOHE

TRHEMEEMES IOFATRE & iyl L.

EMHCHEHEAYEE L, Tyrode ¥ (33~
35°C) CHllBEAICIEN Lic. ®MRmMIA Mo T

|||

Ventral root

BHMEITHE LA D, BUNEEERIAL, M
R EAL 2 aRsR Lic. SRR REIEELX A LT
WM LT, =9 v{EghE fast EPSP (BI75M: >~ 5
T ABTENL excitatory postsynaptic potential) %
FRERL. vmA TS F VL Tyrode FHiwlEm L
T, WX - THB L
(acetylcholine chloride) % 30 pg/ml O¥:EE G
MERy b (EHOERE 10 pm) WHIEL, #E

TEFraly v

| kg/cm? 30sec
II mV
40msec *0.1sec 0.5sec
Dorsal root

1 RcEREHM (tail pinch) #4522% 2 Lic k) FR I BHFRRGE

L BUE D FEERIE.

1~3HES v P XY EVH LT -BEAX AL

BYIFREE T o EE L. BLhoR8Beme s Eflgom
FIZ 32 i X b tail pinch potential AMHAT2Z & &R LT
3. RETOHFIMEEMZRT. lkg/om? EBEO R Fvicin
ZICIE. 83 XU tail pinch AT SR,
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Mo BCE v AL > THA LK.

3 T -EH

24~33 HED Wistar %5 » b %, XV
vz —sn (50mg/kg, i.p.) JFEEFR, Th8~9
DI XTIFRER I L, FRBWE Lic. HEEE
PR3 LCER TR G L, FHEERECEE
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% (AT LGS &85 B X OWRIBERERS (LT
MG ki) OXEMRETEL L, KM <Ol
LT, FrxrhrFhoaehmEs bcEE L
fo. FEBiR LOERRIL, B 2T 74 v TEST
R X, TFROTREBELINZ 2 DR
L, ALRBREZT k. 74 _7F ALERIR
fyic 10mg/kg Hid L.

LGS oEfj=..—2vig, 2M BEEH VY 7 A
IR TIRH 15~30 MQ D ¥ 5 ARUNEEE
AL, MTHIEETEA, #5 8, #HLEA,
LGS 3 X 0" MG o @& X b LTS
EPSP (=D 2% 1T - 7.

) BHER-EHEER

0~3 AW Wistar %5 » F2 b, =— 7 LJRE:
TRMBERLHEE LTHES V< TEREEL,
bR Lic. A% AP CHERH R
PHCIEIRE L, 554 7o\ LES 5 SARERTIRD B K51
Bl RE L Toe. FRIT X > T %
Lo T L, WO —c i a,
F S VAT .- =N LGEBRESE LS (X
728, EYIRERC X DIEM L.

mmHg
Leu
150 i I Phe
w Leu
IOO‘ A ‘ }
Nor
50
smin Nor
A B c
mmHg
Le Ph Ph
150 ou e he Loy
100 ” | t
Nor 4 /
50
5min Nor Nor
D F G

2 vyFrnEradtTse 4 _7FVoREFRE7=v 7 I vOPE ABX

0D : rA4 <7+ (Leu) 10mg/kg ¥HEIC X » T - FRERIE.

Bk X

OF: A7 FUrryyv (Nor) 4 uglkg R XA AERIG. C: 7=V
5 1 v (Phe) 2.5mglkg §HED 1420 B =4 <75+ 10mg/kg FHE
Li-& XDMEDLEL. 7=v T I v XHBEFRANT T F—iKELLD

Bicd, rA4FFv 10mg/kg & X5 BEEFEMRERES OB G & REE
cEBbhi. 72V T i vBREOLNGOPHO /AL FT LT Y V4

uglkg HHEC X3 BERGIINBOH 1/3 wizbh T, E: 7=V}
5 1y 2.5mglkg B > TR TBRERE. G:7=v }F7 IV 25
mg/kg HED 4 FHI v 4 *F 5 10mg/kg FHE L& EOMEDZELL.

7. b5 vBED2520BBI/ AT Fur) v 4uglkg THELRA,

HonRERGIRED bhilch 7. »A _FFoib b, B L»T
FRENRHBOFEBELTWS. 7=v 7 I vED13540B%/ A7 FLF
Vv 4uglkg BELEY, RERGEMEOH 40% willz bhTwi. A
~CEIUD~GIE, FREFIRALEYCELRLERYTT.



5 HHEN-EEX

1I~3 HEZ » b X ¥ E B #ikt L7-IkE
TEOHL, WP REREL, 95% 0, 5% CO,
PHK LTI L ALHERR Y 1 SR
Tml O CHHE L. ROEMRIS 3~4mm
DEZATEYEy P HEEL, 4~55HET
B#y 0.6~1kg/cm?, 0.08~0.15 o E#§)i%
vty bEALTHIX, BROBENNE L
Jc. tail pinch 12 X D 3R S h 2 FEIRHELLIL,
L3~L5 oyijis bl iigdic X - TR Lie
BE D 2FF=vzvr75:9v,
FV, BIORA2F VIIATREERNICHERL,
HEWHEHE L.

= a4

£ B B R

D I9FnECHTIAARTFoOHREE
o« BLIEMEORZE

EFIRED MEX 528k L, MEREHED I Z
ERFER LD, UTRET X > e pyomfE
b3 B R . REIRE T O E L IE
# 120~140 mmHg, {53E# 110~115mmHg ¢
Hote.

a) AARTFHROER

v A 75 v 10mgkg DFERC X b UEHE

Control

100 ug/mi

Leupeptin

TAE# ¢ 10~15mmHg FTREL, P -< Db
EFELTHSATIRED ED vA R HF L
(R2A $ X0 D).

by /L7 FL+VYHBOER

T FuvF Vv dpglkg OFER X DING
MEER T 30mmHg R L, Eeric TR
LTI S TRIETO VAL (K 2B
FLUF).

© Tz bT7ICEBOER

7=V F7 31V 2.5mgkg O HIG
WER 1~2 ¢ 30~60mmHg FREL, @ <
DEIELT 10 ZRiBETIHDO VA i @ig Lk
(B8 2E). /A7 Fvr) voRERIGIE, 7=
vt 731V 0.8mgkg #HE#AEL LD 450
BE oS EERLTHBZ ExiEIDE (K 2G
D).

d 7zF53

DA

JNT FrHr ) v duglkg BT X b BER
JBDOREDORD Z xR LILOL (K 2B, ),
72V +73v 2.5mglkg #EELE. FO1
L4 gHBice 4 <75 v 10mgkg #EHEL
P RARTF VIR 7 v b5 i vBERI DM
ErR/AMEREL, —EH D\ XBEER YR
Ry ahics, wFheek, o

BB TTCOOfRNTF>

4mV

Washout

|0msec

Bl 3 FATWMERD =) vIFIMEECHT 2 oA X7+ v ORE. MBSk SUN TR

T Tk,

fift% 0.5Hz TRE[BEEAMLTHHLT,

2 Y eI fast EPSP #85L

oo A EREHEHO fast EPSP . s@ERTEELLLD. B: v X7Fy 107g/ml %
SUBHETHALT2~3FH. C: rARTFVvEHEVELTE~TFRORIE.






