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Degradation of Cerebral Proteins and Effects of Protease
Inhibitor in Experimental Cerebral Infarction

Takashi INUZUKA

Department of Neurology, Brain Research Institute,
Niigata University, Niigata
(Director: Prof. Tadashi MIYATAKE)

Using an immunoblotting technique, I investigated changes in the concentrations of
microtubule-associated protein 2 (MAP 2), 200kD neurofilament, tubulin, myelin-asso-
ciated glycoprotein (MAG) and 2':3"—cyclic nucleotide 3'— phosphodiesterase in the
rats brains following occlusion of the left middle cerebral artery or sham operation.
Compared with those 4 hours after surgery, concentrations of all proteins decreased
significantly in the left hemisphere 3 days after surgery (p<{0.01). Microtubule-asso-
ciated protein 2 was the most susceptible to ischemia. Degradation products of MAP
2 and MAG were detected on the blots. Furthermore, in the contralateral himisphere,
concentrations of these two proteins decreased comparing with those in concurrent
sham-operated controls 3 days after surgery. Changes in the concentrations of cerebral
proteins in the contralateral hemisphere are important for understanding clinical
symptoms not attributable solely to the ipsilateral lesion following a focal cerebral
stroke. Since MAP 2 is one of the substrate of calpain, E—64c, a synthetic calpain
inhibitor, was administered at a dose of 400 mg/kg twice a day for 3 days, with the
first dose being given before the production of ischemia. The depletion of MAP 2
was significantly inhibited in vivo by E-64c (p<{0.05). The results suggest that
calpain is partially involved in the degradation of MAP 2, and that the use of calpain
inhibitors can be a useful clinical approach to cerebral ischemia.
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ZebHDH. MEECHBEECRVT, FOL5THE
EEON T u s T - EOBREE L k50, Fhon
77 — CHREFOEEPER S & - USROS
oL RERER 52 AT oLTIREREEATIR L.
FHE TR R ERE LR T 5 AR ARER (MCA)
PAZES » +RERLY, RBATORSMERE M & %88
EETHENOPLOI L L TEASEREM KT I
BEAHOE A RE T 0 v MEE L bV TR BE
Liz. Flohn oy sfkfithpit 7 05 77—+ (calpain)
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2. 2 B F &

1) EBR&HY

Spraque-Dawley rat (male 340~440¢g) % 2%/ &
VBT CEM A EME Y AV CHR bOJED
n, JEBES*EL YAV TRAE, BEREAELT
£ MCA F#%Z2BXEE LS8 L. XEEYIT
FEE 22288, BEYB L MCA OBHOZT ).
o~ RAEBIRREOYEN DT e P OMERHES
BLMEAEL, TRIOETATEE Lo L HBELGRI
hoZ b REOBREBETEFARD .

2) MCA BAZZOKBEZEBROYTER
4B, 18, 38, 7 AOKEAECHESY
LR REM a4 SR OMEE L CEA LRI L
FHEEE LI —T0CKEERT L. BEASMEERILE
& & Lk% Trisbuffer THERAFEV R —MCLT
HEER L. 5% ¥i311Y% SDS KUT U AT 3

Frnv b BRKE LI, - brean—AECESR
Biz7my b LEY. Yro—8 i<y -7V —T&
BRE L. KB L BEABITORBREYVD ¥, &4
DBHOEL SV THERBERENRELR D LK
BELL. SEEREOLIPT 0y MNHOKER V<
35 DI AREY - NBEYOE—BOKRES & B
V=T ELTEE L, ABC o TRERAEE S
v A MY =T ot AREATECREE L — vtk
By L7 5 <7 OFERY,  HBEBHOEFRELBT, &
HHoOREZEBRTE Y Wilcoxon-Utest i L »TRD .
BER L. EGOH#EY, microtubule-associated protein
2 (MAP2) (KB AKREBEELE4AIVELEERIE/ 2
o F— L HifE>, 200kD neurofilament (NF) (Enzo
biochemical £:84€ / 2 v — A4k myelin-associated
glycoprotein (MAG) (C4FFEEMBER LAY 2709 —
AEED, tubulin (tub) (Advance Co. #H8AE V) 7/ =
F—nfifkD>, 2°, 3" -cyclic nucleotide 3-phosphodie-
sterase (CNP) (RUliA#ERFEEL VEFSIhIH
JyruF—A¥iE THLE. ErXrF v FE LR
7oA IgG Hithe T U v —E A F viEEES o NI
Vector Lab. #:X 9 & Lo %,

3) Calpain [BEHR] (E-64¢c) ® O MAP2 9

R OB

PR X 5 ic Spraque-Dawley rat ®K%F MCA #*f
HLIEBWPERESH (518) & E-64c HE5F (5
L) whidi. E-64c 1T 400me/kg »HAEERD H12
B e S L. BB (5170 WaTRo®
FhixkfTiovER S Lo, WHE3 HBKELEX
BEER 2 LR o F i & - TH MAP2 $itk%x
WTRET oy b EEFESBEICOWTT Y Y A MY —
7ot WEECHT2ESERERD T, EEHOF
BERER studentt test L& - TRDI.

£ 1 WROBRA, FWCEIZ¥RERR

Hemisphere
Time Left Right
Occlusion Sham operation Occlusion Sham operation
4 hours 797 +10 754+12 71847 728+12
1 day 817+ 14% 742+16 734+12 72527
3 days 779427 748+30 731428 736+7
7 days 646+ 16% 71210 713421 7108

Values are mean+SEM in mg for five rats in each group. Left hemisphere was operated

side.

*p<0.05 different from sham-operated by Wilcoxon s nonparametric U test.
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1) MCA FE#OMELEERO¥TEE

(A) VEHBERIIAEYER GEFHN) cugiaT
WREY & ORI EBEZ o 1o by, B (FHf)
TRE 1 B ETNERSCE L THRERY O PER
CEL (p<0.05) #Hi#7 AETILHIEE,r -1 (p<
0.05) (¥ D).

(B) itk 4 BciE, HERTOREEHOEME,
PSR & MBI &~ ORI TR EZT A bR o T

(C) ZdEk CEHMD T4 s BT 5 &
SHET, WIFhoBEATsHMEERAREY), AR
Yo re L TR TAER L Lic. (T p<0.01)
7 HETY CNP #ERxHBECHEL L. (MAP2,
tubulin, 200kd NF T p<0.01, MAG T p<0.05)
FEARIEADOKLHTIE MAP2 ORVBEHTH -T2
(B 1). eyt T MAP2 & MAG OHMBEMH
BHiEhi: (2.

(D) H¥E GEFHMA) TRk 4 & e 5
&, 3 HETI MAP2, MAG »xRBEMCH LT

EBYHTHEBICHEL L (MAP2 p<0.01, MAG p<
& N o = \\
l/

50 50 s

#t ¥ L { ] WAt ¥

MAP2 MAG 200kdNF
nﬂ \\‘\‘ 4 K\/’
[
T k] ] 1 ¥ H
TUBULIN CNP

B 1 ¥Rk 2 8EAE OB
BAZEENY / XIRBE ) X 100(% ) = S.E.M.

0.05) (B 3).

(E) Z¥ERcid MCA HZEBY s THf# 3 H
H, 7THERBCEAREBSVECTAT I vy KO
AL LD LN ABERDSYUT th 1. HHEE
eI ABLTTH-1 (4.

2) E-64c ® MAP2 S#SIHROME

MAP2 (24 R# 58T 29+16.3% (mean+SEM),
E-64c #EBTIE554+25.7% & E-64c WL AHER
(p<0.05) ENHSREZDL- (B 5, B 6).

g Ir Ca, Sl
}ﬂ it *»,h,. i T

0S 0S OS OS

2 E¥IRD MAP2 & MAG o&EBRKET
LREMGE T 5 b
L—vO :FAERY, v— S | XRHY

% 108
501 50
wt k] a Ot %
MAP2 MAG
3 Bk TFS MAP 2 & MAG O
L

BHZEEN) /X BB X100 (%) £ 8. E.M.
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B 5 A¥IK MAP 2 ORETo v b

S BEYE AR SEH
O : EAZEE L i S B
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4. # 5 S 0 E
R E T BMRE N E 5 AT MAP2, tubulin Js B 6 ZHERIER MAP 2 BEGH
SRR O S TR B WA (LA, R S o KRBT R
RRRTEAOD0 . £ 0BT T 7 O : HAEBYLERLRSH

E | H#EY) E—64c 5H
THH#E 3 A BicitERRC MAP2, tub, 200kD NF SH100&£ LT +S.E.M.
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BEECHA LTwie, MAG ® CNP K FOBEEER
BOEBRRY bBESH, MEMRLT TR AED
R I hib0sLEL bR, &<k MAP2 O
HiEFHE M 2B AE G LV 2 5. MCA
FAZEYOmHE 1 B B O EEREEREOFH /s i35
FlEOI-DEBLREL, YAOEAREBTL T AT I vV
D3y FORMATED Hh, MEEEMOBE RS- -
TwWAEELHRE, TAT I vOBmIfiodT~<To
EAOHMIETEZEL5H, wgE LBEEAOE
7L 7 s voBbE 2580 TH-N. Fhooy

b iz MAP2 & MAG OGBEWHIED LR, Th
OB HRECGRIILILLDOTHLEEZ LN

itk 4 R cit TP o\ BRI LT
EFELRVITA LR TuRY, ThiTERSEEY YV T
NELTWELD, TCRIEBESZZFZ W MCA
FHLANOH GG LD EBbR S, HICHE3 AE
D MAP2 OFANE MCA IR0 DEETIEE L
s ERERELTHLEEDNS, XEBREHL
VI AT B HETERHO MCA Sigo/ & e # b
YEETLHIRBRAADLEEBEPRLIN, WHhD D
penumbra ¥ L B0 R L2 IRV LED
ha,

THHOBLMNIBB L ABREXIBETCH ALY, %
OEBO—> I HEERE oI Thbhicid
ERbhA TREOE¥HREEESEILTCVWDZE
pEAELRD. L LEYBRTREELBEENTED
bhitwWitbhhbbd, Bich~5 L5 MAP2 &
MAG OEAH 7 BEREE L T Y HAEDOTER L&
HETALEND L.

MCA #MZET 2L Z0EBEO I > Y L BEN LB
TEHEZEPBEIATWAZ EMET calpain HEEM
{ft&h MAP2, MAG, 200kD NF, tub © & » h#E
BOEEhibDEEhRS. E-64c T in vivo THf
#3 BHDOKE¥ERTD MAP2 OB 2HECHE LT
B0, died &HESHNCE calpain AER LTV A
ZEDIRERL., L LAy Lo AR pH OB
Trdbl-THEREERE T a T 7 —ERH MR
BET A, bW ERLE T o T 7T - EOBEBLERE
SNBENETHS.

APFE TRV RREE S o - ClRIFAE YRR
K FEEENCERLE RIS S T ®9),
Lo LABETIRHE 3 AET MAP2 & MAG OF
Bhidndohl., FFEEXRTE T VT I v O8N
7L, FILEHOERFIC X - T calpain OFEMELAEE

CERRELNRZ TSR AR L. COEF
ATIEASE L7e MCA O BOsHlR B o M & hYE T3
HZENABMESR TV A, F R ER LB
BB - TENICIESN B - Epambh T b, EHiE
R & h oMl 2 IR & 4 5 R R BRI, b o

FF YAy 2-OREBHARZBhL Laku. #l
LTV 8 A — P IXFREEFE IV A v F
VEAAEDBL VDR TWAY, 25 Lt ohn
DT EPRAUERTD calpain OFFMEILICBIR LT
WAHML L,

R e B CA T A BBIRER L, B RATEER
HIEMCHETERL V2 L4 H O KAER TR LY
Bz 5 L IBERERECHBOBROIG & 7 5 THEM:
BHLH, FLMEEOZMIC calpain BER & IEH
THI L& - THEEE SR &8, BEme L sm
BERR OB & T~ M RS S R,

Rak#zdedicn, HEE BRMZBOEL
LEREESICO, GBS LET. F M
FEH R AR SR, AT AU R R SR
AT RS, WE S L L
9. FoBE RS Lo A D EBNE, BRI
fofi & ¥ LR E A, BRETE AKhiE
THE, WA T REAHAZRHELTT2
ERKEKE BB FEE, AlMAY FE O OEH
B, E6dc Z2E L TT & - KERIE B
foL¥ES.
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