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Abstract

Experimental cerebral infarction was induced in dogs by injecting one or two silicone rubber cylinders
through the cervical internal carotid artery. Twenty-four hours after embolization, the animals were
sacrificed and changes of microvessels in the hemispheric infarct were investigated by the electron
microscope. In addition to the usual ultrathin sectioning method, the vascular casting method using Mer-
cox® in combination with the cryofracture method, and the freeze-fracture replica method were also used.
Gross specimens and histologic sections revealed that massive hemorrhagic areas were localized in the
region of basal ganglia and petechial hemorrhages were observed in the corticomedullary junctional
region of the affected hemisphere in the middle cerebral artery distribution. In ultrathin sections of
arterioles obtained from the infarcted area of the basal ganglia, vacuolations and bleb-formations of the
degenerative endothelial cells and smooth muscle cells, and duplications and fragmentations of the basal
lamina appeared, while numerous red blood cells and fibrin materials were observed in the dilated
subarachnoid space. In vascular casts of these 50 um diameter arterioles, aneurysm-like dilatations were
observed at their bifurcations, where numerous red blood cells and Mercox® massively extravasated
through the disrupted wall in the necrotized neuropils. Red blood cells in the dilated subarachnoid space
were observed in the ultrathin sections of venules in the corticomedullary junctional region, but the
degenerative changes were mild. In vascular casts of venules, leakage of Mercox® was observed around
the adventitia. It is suggested that a massive hemorrhagic infarction was caused by the disruption of
arterioles in the perforating arterial terminal zone and petechial hemorrhagic infarction was caused by the
disruption of venules in the cortical arterial terminal zone. No opening of tight junctions was recognized
in the ultrathin sections of capillary endothelial cells in the ischemic cerebral cortex, but pinocytotic
vesicles increased. In freeze-fracture replicas of capillary endothelia of both normal and ischemic cerebral
cortices, tight junctions were seen as a network of ridges, composed of about 100 A particles on the pro-
toplasmic (p) face and grooves on the exoplasmic (e) face. Pinocytotic vesicles were seen as invagina-
tions on the p face and as protrusions on the e face. The average number of pinocytotic vesicles per ym?
was 7 on the luminal front in the normal cortex and 28 in the ischemic cortex. The size of pinocytotic
vesicles was 0.62X 1072 um on the p face of the normal cortex and 0.83X 1072 ym on the p face of the
ischemic cortex. It is suggested that pinocytotic vesicles had a more important role in the increase of
permeability in the cerebral capillary endothelial cells of the ischemic brain.

Key words: experimental cerebral infarction, electron microscopy, vascular cast,
cryofracture, freeze-fracture replica
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10kg FIB OMRBR KT F v 77 — L& IR R EE (25
mg/kg) TILRENEE 27V, HEFRO £ FEHIHIE
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L, JEM-100B B Z W CEREFE CBE L. R
LLTEERTHED 3 >OEKR L {ER LEE L.

Fig. 1 Brain slice of a dog showing carbon extravasation in a
large non-filling area in the right middle cerebral artery
distribution including the corticomedullary junction,
caudate nucleus and putamen after 24 hours of emboliza-
tion.
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Fig. 2 Electronmicrophotographs of the vascular cast (upper,
X600), cryofracture (middle, X600) and ultrathin sec-
tion (lower, X 8,000) showing the artery (A), arteriole
(a) and capillary (C) in the normal canine cerebral cor-

tex.
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Fig. 2 FBIZEFE RO MEHR T, 950 um OMHEINRIZ
WHRICELETERL, SKRTLSEL, REKC
unclear indentation % ring shaped compression % i8¥ 7z,
BT E OERMEEINT T, MBI A V=7 ABRTRL,
M e I BE, tight 72 M8 B FRE, F¥B72 neuropil % 3R
Bic. TBROBHYH ©bEMLEONKMEE, EEE,
% LT neuropil KEF R DR hroTz.

H2 BN OIALANC B 7 N B DOEACR— AR Tl -

Fig. 3 Vascular cast (upper, X600), cryofracture (middle,
X600) and ultrathin section (lower, X2,000) of a
capillary (C) showing shrinkage of the capillary and
enlarged pericapillary space in the ischemic cortex at 24
hours. a indicates arteriole.
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Fig. 4 Vascular cast (upper, X600), cryofracture (middle,
X600) and ultrathin section (lower, X2,000) of a
venule (V) showing leakage of Mercox® around its
adventitia and the dilated subarachnoid space (SS) in
the ischemic corticomedullary junction at 24 hours. C
indicates capillary.

7. Fig. 3 EBIARAERE o EH ©, MBI
BERO, MELEEROERZAICE LD OV TE
Y, REOWBEN cIREMME MR L, LERERED
EW YKL neuropil I HE DRI ER DI, THRO®E
HY) K b EMM D luminal surface 1T folding A3 HE M
L, —H#cixBEIEEERA Hh, BERSACL AR
EEBRNFE L, #OHIC cell debris 3 T U VEREE
LTWe. Fig. 4 LRI EEER R OMEgRe, fMELT
eRicie o b0 LRI ALy 7 2O ME AT O

Fig. 5 Vascular cast (upper, X600), cryofracture (middle,
X600) and ultrathin section (lower two, X 2,000 and
X 4,000) of an arteriole (a) showing aneurysmal dilata-
tion at its bifurcation (upper arrow), extravasation of
numerous red blood cells and Mercox® (middle arrow)
and bleb-formation (lower arrow) in the ischemic basal
ganglia at 24 hours. 'V indicates venule; C, capillary.

Ay PRIZHEKR L b DOBHR BN, FEOBEEM T
BB AV 2y 7 2 L VBOFRMIKBH bRz, TED
BEY R T b R R o MR IR BREOILK L AR inBk
RS T, Fig. 5 FEIANEEZEOMEHER =, #
BRI A V3 v 7 2 OBIRIEREIZIE 2380, B
BREEM TR 60— b A va y 7 R LFRIER DB
RiomAFMciRi L, MERMIERALFEZR L. T
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Bo®BEY R T b MEIRO N R AR & BRIk b L
bleb R, REBICALL WH 2 RY, F7cm® EEE
DEWRIK L HROFKMIK, 74 7Y VHERD, BiE
MM &2m L.
3. 7U=X-739Fv— LTVHIBREORR

Fig. 6 REFROKBEMMED L 7Y 2 T, MENE
IZHARIMER 34 B, PWE MM P HIC pinocytotic vesicle 53
Bl e LTARBI, ZOERZII65nm Tho7z, WEAME

Fig. 6 Electronmicrophotographs of a freeze-fracture replica of

the capillary endothelial plasma membrane showing a
few pinocytotic vesicles on the luminal (L) front (upper
arrow, X 10,000) and a tight junction (lower arrow,
X 30,000) in the normal canine cerebral cortex.
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BEAHIZ 1T B tight junction J%, P ET100 A DKL
PEHEEICERFI LT 5 &0 strand 2R L TV,

Fig. 7 X ERUKHEOEMAXBAEMNE T, L0
BURTAEMBEO —McMEENO pinocytotic
vesicle, 3 X ('lumen & ablumen {B}~FiH L TV 3 pino-
cytotic vesicle ZF2 7225, B 5272 channel EIZA b
Rrolz, V7Y h TidRo P ETERI nm ¢ pino-
cytotic vesicle XML TR Y, BEBLTWEHELA LR,
FkEIcA@ D P+ EE TR Y vesicle DHIN & SO
WKL F A3 b Hulz. Fig. 8 i3 tight junction T, P Ml
O overlap BAH SN B, FHEOBEY A TELEHRT
5ZLxRETH oK, TEROLVZ ) H Tk PEIK ridge
726 %0 strand i 5, EEICH AT strand 2K
T BEARF ORLFNC AERT 54 bz,

1pm? 24 Y OFEMME N HBEEE O vesicle DAL
FEERT7HE, HTIETh-oTeolHL, Bilisk
B T8l THBICHM L Tz (Table 1A), 1 fHY4 ) D
MR ILIEH A it P T¥350.62X1072, E [ T0.78X
1072 pm? Th -7z, BMmEEE TiE P ET0.83X1072,
E [ C0.94X 1072 ym? & 08N L Tivjz(Table 1B). &
fz, 1um? %49 ONEENKT O FEEHIT EERDKE

Table 1 Number (A) and area (B) of pinocytotic vesicles of
capillary endothelium of the cerebral cortex in dogs

A

Cortex No./um?
Normal 6.7+0.78 (n=19)
Contralateral 9.3+2.6 (n=13)
Infarction 28.3+5.6 (n=17)

P<0.01
B
Cortex P face (102 ym?) E face (10~2 ym?)

Normal 0.62£0.075 0.78£0.062
Ischemic 0.83:+0.098 0.9410.24

P face indicates protoplasmic face; E face, exoplasmic face.

Table 2 Particle density per square micron on plasma mem-
brane of capillary of the cerebral cortex in dogs

Cortex P face E face

Normal

Ischemic

2,168+ 574 (n=5)
3,811+1,635 (n=11)

2,050+424 (n=2)
3,271+734 (n=11)

P<0.01 P<0.05

P face indicates protoplasmic face; E face, exoplasmic face.

NI | -El ectronic Library Service



The Japan Neurosurgical Society

836

Fig. 7 Ultrathin section (left, X 20,000) and replicas (center two, X 20,000 and X 10,000; right two, X 20,000) showing increased number
of pinocytotic vesicles and intramembranous particles on the luminal front (double arrows) and abluminal front (single arrow) or

protoplasmic face (p) and exoplasmic face (e) in the ischemic cortex at 24 hours.

FEMME ik P E 2,168, E [ T2,050ff Th o 7= DITH
L, BMEEE i PE TS0, EETS 7L EER
B L Tz (Table 2).

v 2

1. MESHBEZORBEWICOVT

AMEHIARCERAFEEE 7L R TP RNEIRFERIC L
HEICHEERD Y, ZOFTRNEEZICHRRKEME, &
B Rz O M3 222 7z, B3 13 perforating  arterial
terminal zone IZJ& L, HREINR CEBHOYEHBRN
leiz, BAZIC LY KINARKICREREM AL T 5T
T MEEHE Y v, LicdioT, ZORTH

175 D F 32 2R O migration (2 & Y FHEAE 2 id

MEPROB A AE U THREmzs &R TLEEL LN
%. ##1T cortical arterial terminal zone IZJE L, ERIEEINR
D) HRMEIZBIMTHRAE S BEL TV A BMAICAS L
BIREICD & 5 BERBIRTH Y, Licdd> THRMITK
BEBL Y RTICV-Z ) BEIAL, REOKSOM
Wik Ee Ml i X AEAEICE > TV WEEZ K
BERICHAL, KEER cHRIRERLEY, MERED
BEERE - L BOEREANCTAL, oML Y R
Hifl, & sicfetims&izd+eEzond?,
MNEEEOBEE L L CoFREAE RS,
FED X > CHRIED bh, EFHRRNTERDE O
OEBTICHER TV S, £ERTEEO B HEM/ME
BROEBREBE T mEFEOWI L E~DICH b BAICAT
bt 3, MIE~DHIZA % {, Anderson 57,
Nakai 52, FH¥OBREPERENE0HTHDL. T
N D RBIIR T ik R R O % S IIE A~ R L e Te i

k3L Ebh 3% < OB OEE (nudear inden-
tation) BHAITE L EFIL TR D, —FHEIKk XM sk
BOZEHEPSHCRETI R L 2y, BAOCERE X5
Eha, EMECEHIRIZNZEI~40 um DFEREK Z %<
ST BR, ThbHOFEERPHMERNICA S L KMERER
TR bR Ik O < CHEHE(ring shaped com-
pression, sphincter) BB bR B L HICRY, I HITHIL
L T15~30 um DFIEINR & 72 5 & 2 OFFIZEZE L 72 Y

10 um LI FOBEIRAZEMME THAD D, FiHEific
ZLW, 5um OEMMEIIZED bhivd, BiktRE
MM AE R X 51KV 15~40 um O REEEIRIC & D 20
M4 5312, Owmann b33 RERBRECETH W T
HEE Th % actin 3 & ¥ myosin 28BNk E L CHIEDIR ©
W EMME, Mgk IR vl EHBmELT
BY, RO ChEEOSFiL B -8 5. fixid,
MEFMERT ANV Y 7 ZEAE W) ABEREIC LS
artifact BNb B2 &, MENBEEZRBRTIHRL»ES
NHEWZ LR EDRERD B, ThERS BRYTHE
HWiic & 2 NMEEHE 2RI, Thb 2208
ERHELTBE L. UBHKOFERD S HLANEERK
TIKI50 um D MEDIR O SR A A L TR 2 4 U
TEY, —HREER CHMBER LD ALY I 2D
VR L R R, £ RBEOMENR, £
Ml IME LD 2 &y, BORL TERRICETD
L, Zhbimiomd L mEBEoFE & 2ERIC X
SoTHUBLEZLR, ZOXHCTEHABE R LM
INUEDETIZAA A VA n O —FWREEEEZER> T
Y, DFLIEDENTORNWZEREZ b, Th
OB ONTIE, ZEDO—AThHEPHFMALHRE %
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Fig. 8 Ultrathin section (upper, X 20,000) and replica (lower,
X 20,000) of the capillary showing an almost intact tight
junction (arrow) in the ischemic cortex at 24 hours.

RETITETH 5.
2, 7V=X-T7539Fx— - LTUHIIOVT
WL B O F MM E I 31 T pinocytotic vesicle D3]
FIEF O 4 f5ic, EHE 1358 L7z, —F tight junc-
tion "Tid strand 2T 2 EANH T A E 2 B &R
L7e s, MR arbhinrofz, UEDORTRX
Y, TOMITBIT B EMIME S B ITE T vesicular
transport PERXER T O LB L bz, £i2, ERK
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TOHEMIEOEFEEERL, LA > T vesicular
transport O activity 7R+ 54D L E 2 bz,

TYV=R 757 Fv— - V7Y hECIRENE R
PR 2 VIR R BT 20T, MR BB R 8
REhD LI RBTIRALEE LTHEL N, pinocytotic
vesicle D3 #RET 3D IFHETH 5. Pinocytotic
vesicle O 4 i1k, B EMiM%E ® luminal front T 5/
(7 v FOBHEGFD T ZADOLTY HY)ThH DD
I UBERRIE ©i78/um?, (D Tix89/um( 5 v b o8
YRBICV Y H)ThH B, Tani 52, T v b Ok
E Mm% PN B A BEE b @ pinocytotic vesicle D 1%
luminal front Tit & P T4 72 contra-luminal front
Ti30~40/um? BEINBZZ L RNDH B LPEL TV B,
—7, BRERBHEZCZS y MVNEROLERNEERO
pinocytotic vesicle D35 8 A H24EICHEM LIz L D
WEYR, BOEEMELZET 55y ML UMEmO
EES, AN, Ty b BRI TEMME N A
f2® pinocytotic vesicle DEEMBBE L iz L DHERD
5. LPLIhLDOREITNTHBEBEIRICLS LD TH
D, VZAIBIZEBHRERHDIORV. Fr oA
BFBRABEETNVROBMERBEOEMME L 7Y Hic
F1F % pinocytotic vesicle DHE, IEH AT 7/um? Th 5
DIZXFL28/um? & 4 fEIZHML Tz,

fixd A0 11078 P9 B B O tight junction DT BRI, v 7Y
HTXYFMCBETE S, PHE(protoplasmic face) il
BRI b > THRIBSMEIC D - 2ETH Y, BRI E
FI L7z strand 23 ridge & L CBZ &, E H(exoplasmic
face) i3 O Hic MBE A RN & > THIRRBICE > 2 E T
&Y, strand I¥ groove & L TEHEINS. HBEHEED
WAIEGL strand O FEBITBIR L, F77 strand FEER T
HIEWKFOEFREICERT 2 L Ebh3Y. 2k 213,
F 3%, Y VVDIRIEHER area posterema D EMME T
I MBI tight junction (3 & 3 23 strand O ELFiz R
mESERERE, Lal, MEMCRT 3 EMME D
tight junction DZE L E L 7Y b THEL ST T
LRV, FaxOBAMIRNERAFEEE S VRORMERK
BOEMME L 7V HiTB W TIE, tight junction 13 F %
K& LT strand D&z E b4 <, %72 strand ¥
BT BN F S EET AR FLT) 2R L7 5BA & s 2o il
A ohieho7z, L L, Mollgard HOVIERNET O
Bt ERICBET e oic3WELy ) 1AV T
P-EHEERAMBCHCRET 5 L BBETH S LE~T
w5,

BAKTZL7 ) 0 TBELHEI R, 2LTR
BlNEMOT ST 2REETL DOV, bTFhic
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Arima 5233~ U 2 O/NE BRI O Bk Tk 417
Ho&4% 5 HE CP HETS,341/um?, £H50H T4,054/
pm? & FAEMOR R > THMMT 5L L, 7 Saito
B HA X O KENIREST 2 K % o> i i O A BRI P E
DOREPRLF 3% 18 T1,810/um?, {E{E T2,077/um? Th %
ZEDOEROBREGRELFHEML, & 51 Wakayama
HRIHPTEH A & Duchenne muscular atrophy 8% % 8 0
FRIMER P EOBEAR FOMEHE L, ZhZh1,813/um?
&£1,589/um? THEBELBEOR V2RO EHEL TS
T ERN. Ba0BWIARNERAEEE T VROEM
HEBOEMME P EB T SRR T EF R ©2,168/
um? THBHOIZKLS,811 /um? LEMLTRY, DIk
REOAFEZEKRL, L7ch > T vesicular transport @ ac-
tivity ZRET 56D L E L. ThHDOREIC OV T,
BEO—ANTHBHENFMRBELRETLTETD
5.

bbb A, 22 THELZAEMIEED tight junction
& pinocytotic vesicle IZ & B 24 &\ 5 T BEEAYIC LR ©
& BHTROAZ TR O FEME L v 5 R RA R &N
TEBEDOTRAV. e ZFEE LV TH, BREER
R Z SRR VWHEMROBEZE - ToR%L LTRE
%R (lipid  solubility) & #H{& 1 7 ( carrier-mediated trans-
port) D 2 OAEZ b TS, BIFIOFEEMIC IR B K
DALEARE - BZOERNORE, NERESORTHE
BLTWBRTHY, Lido TExOHREOBIICITHE
DL ST EBAFENRIE H OB EHTEH A
BRZLERERLRVEIATD S,

V& E

AMIARCER AR F AR ERAWT, MILE OB
Wrea b w S A EAO B REFICINZ, MEHL
EALZOHBENEAOEARH, BLUOT7 ) -7
7 Fv— V7Y NEROEBEE CHE L.

1. FRRMEIIR SR R R i 325 R B e 2%,
B RIC 1) 5 M/ B B E L~k T/ {, perforating
arterial terminal zone T¥ % KRFEECHE TiLMEINRA> 5,
cortical arterial terminal zone T % KB R T MF#IkA
B 2sAH b Tz,

2. BiMEABEOEMMEIC L T pinocytotic vesicle
OHEIFEERD 4 f5ic, BEREIZLIMGMEMLL, —F
tight junction i, strand %R 5PV F1C
B b B S pARBREA b o Tz, Lichio
T, ZoHkBT D F 0 10 o8 M TT S 1 vesicular
transport NEREZKT SO LEZ LN

FmLOBER, BNEBARERETFEMBESARA(19827F
9 A, BR), HoEBAKEPELRA1983E6 A, IB), B
L OMEE 4208 A AR AR AL B A8 (1983510 H, KB IR WT
BERLK.

B, ANRZELLERBRPITETER(60-8), BLUWE
5745 B AR RM R RRO—BE AV THbhi.
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