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Experimental Cerebral Infarction in the Dog

Scanning Electron Mucroscopy with Vascular Endocasts of the Microvessels in the Ischemic Brain

Kenji TsSuTsUMI

Department of Neurosurgery, Nagasaki University, Nagasaki

Abstract

Large-sized infarctions of the cerebral hemisphere (LSICH) were experimentally induced in 17
dogs by injecting two silicone cylinders through the right cervical internal carotid artery. The
LSICH models were perfused with heparinized saline and fixed with 1.5% glutaraldehyde solution
through the contralateral carotid artery. Then 24 hours after the embolization, Mercox® CL-2B
and CL-2R were injected manually. The brains were immediately removed, and specimens were
obtained from the basal ganglia and the ectosylvian cortex. Disruptions of the degenerated arterioles
with numerous erythrocytes and Mercox were observed in the area of massive hemorrhagic infarct
in the basal ganglia. On the other hand, disruptions of degenerated venules with a few erythrocytes
and Mercox around the vessels were observed in the petechial hemorrhagic infarct in the cortico-
medullary junction area. Dilatation of the perivascular space of the microvessels and vacuolation
of the neuropiles were related to the severity of the vasogenic edema. Microvessels were narrowed
and decreased in flexibility in severe vasogenic edema. Some arterioles ran parallel and branched
convergently. It was suggested that changes in the microvascular structure were caused by distur-
bance of the autoregulation of the cerebral microcirculation.
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Bk L RAREIIROBE RERICIHAEHE L v ) 3 >DRE
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M #2856 % T (vascular  endocast-scanning  electron
microscopy: VE-SEM ) TiZ, #9 50 um o MEINR 1L S ikic
BARETREL Y2036, BEROEMOECRTLTY
7z(Fig. 1A), MEIRESAICHE L, ZRTMIE S
HEORETELY, MHR~NEEL Tz, MBIRS &
CEMIME DERHICE, ARMBOZICHYT % 10X5
um DFGEER O [ (nuclear indentation ) 234830 b iz
B, FAHEENROFEICIE 7X7 pm O HE O MG BV BIEE
LTWwh, $7k, MR > EMMEIZBITT % meta-
arteriole (Z i3 precapillary sphincter (7 f1 244 % 8@k fa 1% 28
A b hiz(Fig. 1B).

R A% B W £ & B B(cryofracture-scanning
microscopy: CF-SEM) GiZ, #9380 um X MBIk O 1M E 8k
EFETH Y, ARSI Mercox AT L, M8 B T
¥ <, neuropile ¥ ¥ T - 7= (Fig. 1C),

5B J (transmission electron microscopy: TEM ) Gii,
EMME QN M, LB X O pericyte 12 BH 1320
bhie o 7z(Fig. 1D).

2, LSICH EF)I

1780, RRAEBEMSORRK M % 3 H(18% )iz, v
ey AR R O RO i 2 1588(88% Jic iR,
D2 DDRFRHFEICONTHBEIRE 2 1T- 72,

BRK H i BE (KRB R AR ) : VE-SEM Tid, #J40 um
FEOMEIR D 7385 A & Mercox %5 cauliflower Yk 12 %% 7+
IR L TR Y, EMME ORI TR BB 28R
&853G & Ntz (Fig. 2A). CF-SEM TiX, #50 um

electron
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Fig. 1

dogs. A: SEM of vascular endocasts shows the arterioles (a) and capillary (¢) network.
vascular endocasts shows a ring-shaped depression corresponding to the precapillary sphincter (arrow) of the arteriole (a).
Bar=10um. C: SEM of cryofracture shows an arteriole (a) and neuropile (n).

Scanning and transmission electron micrograms (SEM and TEM) show the microvessels of the ectosylvian cortex of the normal

X100, Bar=100 um. B: SEM of
X600,
X450, Bar=1um. D: TEM shows an

endothelium (e), tight junction (tj), and vascular lumen (v1) of the capillary and astrocytic process (ap). X6,000, Bar=1 um.

B0 MER IR D apex (FTICHEAE 23w, MEHHIC
X% HOFMER & Mercox DIRENRL Hh, MERE
neuropile {ZZEHUENEZE Tdh - 7z(Fig. 2B). TEM T,
#9 50 um O MBI BV T, NEHFEOZEREER bleb
DI, HEBEOEIL, & &1 FiiH ot 2R
B, iR B RIMER S fibrin matrix O BRI BEIE L
7(Fig. 2C). FMME Tk, P& HIED luminal surface
infolding DM PZERATL B A3 A © 41, tight junction D ff
KRB Ch o726 D0 Z O BB O EKERO AL E
Thote., —7, MERMABEICTFEREL ITEL,
cell debris 23HFE L T 7z (Fig. 2D).

ARHmBE(A S IVEY ZE) : VE-SEM T, BN
IMEL THRERMRNEBICER L, BhkicZ L
FTTLCHIRAE L SAIC R > Tz, BMmEOEmIA
BT, WRERE SR, MBRcR>TEEbY oL
kownaEm”EdH o, 50 um %O MEIRICB > T,
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Mercox 252 ¥ 7RI & Mz i L T 72(Fig. 3A).
CF-SEM TiX, TAIME 0 WKL H/IME L neuropile 2 1%
SR OERBH B, 100 um Z O HEIR TIXAIIC Mer-
cox BT L, MEREIZE Mercox D2 v 7HROTH %
i, A LMERBEECRMEkSs v 77 — VO
H b 389 57 (Fig. 3B, C). TEM T, MEHIRD Ak
FAE/ME L, WE MR Tl infolding D # BN, & X X
pinocytotic vesicle DHEINA A Bz b3, ZRFBIZRD &
higho e, —7, HEIRO N RANZ IR & 15 2
AL, WEMBEE L Wpericyte DZERFK, EEEO K
b, S HIEYNCHAR Lz &R BEEIC DR OFRMER DR
H % w7 (Fig. 3D).
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Fig. 2 SEM and TEM of the microvessels in a massive hemorrhagic infarction in the basal ganglia. A: SEM of vascular endocasts shows

extravasation of Mercox® at the bifurcation of the arteriole (a) (arrow).
disruption (arrow) of the arteriole (a) and extravasation of the Mercox and erythrocytes (e) into the perivascular space.

X160, Bar=>50 um. B: SEM of cryofracture shows
X500,

Bar=20 yum. C: TEM shows a degenerated arteriole (a) with bleb formation (arrow) and extravasation of the erythrocytes (e),a

macrophage (m), and the fibrin matrix (fm) into the perivascular space (ps).
degenerated capillary (c) and dilatation of the extracellular space (es) with accumulation of edematous fluid.

um,

AE D & &R, 19544E121% Batson IR Y TR F L LU
THEAFNAL7 ) v— MR &AW TEIRO mE R
EER LI TS, R T, b MOBEETOMmE
FHHO 2, A X O—IHEIREREOMEIMITHREE OS]
ZIEHENTETWEY, &oiz, LM% LLLE
FREATREIC X > THO M/ E RS & STk 8%
T&E 5 L 927 Y818, precapillary arteriole @ sphincter
DEBORICEA S T 5110,
KEMOMEHL 2 FR+ H7-oicix, +okelimet
BKIZ X BUERET, MEANRED S MRS 252 b
ETHIERL o L BEETHY, BRI ARRCEA
EXESTETHERREERIERVWI ST 52 L b KY)
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SR DO RBTHENIR A 5 F & 200 mmHg 28 % 720 &
IR BEA L. iz, MEHERERTHE CILmE R

X 1,800, Bar=5um. D: TEM shows a
X 4,000, Bar=2

DEEL A BT, MERLOCABEEBOZELE S
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By A THRETIZ EPLETH B,

& T, LSICH E F /R TH/NIIE » BEEOILK
& neuropile @ spongiotic 7 ZZRATE I # 8D 7243, Z ik
MEHBEOEEIC X 5 MFORE 234 Ul BRI T
EW MBI L7z JdkBE TH Y, vasogenic edema D R
Ress7an) L 2 Bz X 512, vasogenic edema D HEK
ICHEWIERRE S B L, U i 23 U CERIRIC &
fiL, DEAELSiME R YIRT 2 MEBELRT LD
ChgolcbEzx A, 20X RINEBER, BRED
ZAEARBAICEENICREIN D TREEREL, Wb

'3 normal perfusion pressure breakthrough B9 23E U %

LEZbN, 2oL RMINEBECETLPE LMD
BRI B 1F 5 dysautoregulation D —ER L g > Tn 5B L&
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Fig. 3 SEM and TEM of the microvessels in petechial hemorrhagic infarction in the corticomedullary junction area of the ectosylvian cor-
tex. A: SEM of vascular endocasts shows narrowing of arterioles (a), and extravasation of the Mercox around the venule (v).
X160, Bar=>30um. B: SEM of cryofracture shows extravasation of the Mercox around the venule (v) and dilatation of the

perivascular space (ps).

perivascular space (ps) around a neuropile (n) with extensive vacuolation.
venule (v), dilatation of the perivascular space (ps), and extravasation of the erythrocyte (e) and macrophage (m).

Bar=10 ym.

Zbis.

AR MEIIR TR AR O ERAIIC SN T, KELY K
BT EE 2R U B2 L, RFhm i &R
ERRHEEMPTRORERP BB RSN T 545714200 73
LSICH € 7V ThRAtIc, BB LY b KMHEEETIC
vasogenic edema R MEFEIENEEICR D BN, AV K
v 2B R T E L L THIEIRO MEETED» S 0
P Mz b ® - Tk, 351, KREEEETIORK
il Z3RD 5T &b oTehs, S AUTRBIRO MBI
SOBMEERMAETH S EE2 b, ZOMBIIROBE
MET HABOLIL, #950 um B D ME DT A% 5 > T 28,
VA R Y- B O SIEEI I ER B 2 E T,
HIC apex I B W THMHMOMBENEDH 3 fEDE T2
EdF4+5LEbATRIY, T apexThEkLE LTH
EWREPE LT &E 2 bz, —7, posteapillary venule

Neurol Med Chir (Tokyo) 26, August 1986

X100, Bar=100 ym. C: SEM of cryofracture shows narrowing of capillaries (c) and dilatation of the

X600, Bar=10 yum. D: TEM shows a degenerated
X1,000,

{2 open junction IZ X » TMERFHEREZ h 2+ Wi =h
HTWBMH, Syl ey @0 &S RS RO
FBRIZ = v 7R D Mercox O #50%, 2 Mid IR D
open junction ZH.0 & L MEHAEIC L > THE L B0
LEZHhiz.
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b3,

2. LSICH & 70 mEMiicix, Mmoo s,
vasogenic edema, neuropile ¢ spongiotic 72 ZEJAZE M /e & %
b, B, KMEESE CRABIRO MEEEIC
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