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Brain Tissue Damages and Vascular Changes in Infantile Rat Hydrocephalus

— Comparison of Congenital Hydrocephalus (LEW/Jms)
and Infantile Kaolin—induced Hydrocephalus —

Tohru OKUYAMA
Department of Neurosurgery, Sapporo Medical College
(Chief : Prof. K. Hashi)

Brain tissue damages and vascular changes were studied using light and electron microscopes in
congenital rat hydrocephalus (LEW/Jms) and infantile kaolin-induced hydrocephalus.

In this study, 40 congenital hydrocephalic rats (LEW/Jms) and 132 rats injected with kaolin
suspension 2 days after birth were examined.

For the light microscopic study, rats’ brains in both groups were perfused with 10 % formalin
followed by carbon black infusion.

For the electron microscopic study, rats’ brains in both groups were perfused with Karnovsky’s
solution. Samples were refixed in a 1% osmium tetroxide solution, dehydrated with ethanol and
embedded in Spurr resin.

In light microscopic study of congenital hydrocephalus, there were disruptions of the ependymal
layer and local edema formation in the periventricular white matter of the lateral parts of the
anterior and posterior horns, which resulted in the formation of an intracerebral cavity. Stenotic or
obstructive blood vessels without filling of carbon black were observed in the periventricular white .
matter.

In light microscopic study of kaolin-induced hydrocephalus, edema was diffusely observed in the
subependymal white matter. The intracerebral cavity was also observed in the same region as
congenital hydrocephalus. Stenosis or obstruction of the blood vessels were focally observed in the
periventricular white matter. The difference of the edema formations in the two hydrocephalic
models may be due to the difference of immaturation of the infantile brain tissue.

In electron microscopic study for these two hydrocephalic models, the enlargement of the extra-
cellular space was noticed in the periventricular edematous region. The endothelial cells of capil-
laries and venules showed an irregular surface with indentations and contained numerous hollow
vesicles. Only in the congenital hydrocephalus, occluded capillaries were found in the border zone
between the edematous and non-edematous area. Around the occluded cadpillaries, there were -
swellings with a degeneration of the astrocytes and shrinkage of the pericyte.

These microcirculatory disturbances of the brain tissue were considered to.be one of the etiologi-
cal factors for the enlargement of the ventricles and intracerebral cavity formation in infantilé
hydrocephalus. (Received November 11, 1985 and accepted December 2, 1985)

Key words: Congenital hydrocephalus, Kaolin-induced hydrocephalus, Brain edema,
Intracerebral cavity, Microvasculature
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Fig. 1 Coronal sections of congenital hydrocephalic rat brain (LEW/Jms) showing dilatation of the lateral

ventricles.
black material represents carbon black. x3.5
a. Four days of age,

Note development of the intracerebral cavities in the white matter (arrows). The

b. Five days of age, c. Thirteen days of age.
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Four days of age. Congenital hydrocephalus.
Spongy appearance in the periventricular
white matter. X 70

Tena Lhe

Congenital hydrocephalus.

Four days of age.
Stenotic or obstructive blood vessels (arrows)

in the periventricular white matter. Intra-

cerebral cavity (Ca). x125
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Fig. 2b Sixteen days of age.

group).
vascular lumen.

Congenital hydrocephalus.
Dilatated blood vessel in the edematous area

Fig. 3b Five days of age.

near the intracerebral cavity (Ca). X110
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Fig. 4a An electron micrograph of the periventricular white matter of the congenital hydrocephalus.

Enlargement of the extracellular space. Note numerous vesicles in the endothelium and irregular
surface of the capillary endothelium. Two days of age. x20,000

Fig. 4b An electron micrograph of the congenital hydrocephalus. Note interendothelial vacuole (arrow) at
the tight junction of the venule in the edematous area. Two days of age. x50,000
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Fig. 5a An electron micrograph of the occluded capillary of the congenital hydrocephalus. Note swellling
with degeneration of the astrocytic process and shrinkage and degeneration of the pericyte
(arrows) in the border zone between the edematous and non-edematous area. Twelve days of

age. x11,000

b

Fig. 5b An electron micrograph of the congenital hydrocephalus showing the stenotic arteriole in the border
zone between the edematous and non-edematous area. Note swelling of the perivascular astrocytic
process and shrinkage of the pericyte (arrow). Twelve days of age. x12,000



55 (1) 1986 SFEHKEEIE S » M2k 0 5 MARR CIEKOZ(L 17

Fig. 5¢ An electron micrograph of the congenital hydrocephalus showing the thrombocyte in the occluded
lumen of the capillary in the border zone between the edematous and non-edematous area. Note
swelling of the perivascular astrocyte and atrophy of the neighboring neuropil (arrow). Twelve
days of age. x17,000

Fig. 5d An electron micrograph of the congenital hydrocephalus. Note thrombocytes in the lumen of the
venule in the border zone between the edematous and non-edematous area.
% 29,000

Eleven days of age.
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Fig. 6a An electron micrograph of the subarachnoid arteriole of the congenital hydrocephalus. Note
moderate stenosis without collapse of the vessel. Twelve days of age. x12,000

Fig. 6b An electron micrograph of the congenital hydrocephalus. Note thrombocytes in the subarachnoid

venule. Twelve days of age. x17,000
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Fig. 7 Kaolin-induced hydrocephalus. Seventeen-day-old rat with mild hydrocephalus (group A). Enlarge-
ment of the fourth ventricle is more pronounced than the other ventricles. x3.8

Fig. 8 Kaolin-induced hydrocephalus. Sixteen-day-old rat with severe hydrocephalus (group B). Marked
enlargement of the sylvian aqueduct and the lateral ventricles. Edematous white matter with intra-
cerebral cavity (arrow). X34
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Kaolin-induced hydrocephalus. Sixteen days
of age. Kaolin granules (Ka) and gliosis at
the base of the fourth ventricle (1V). Note
the newly produced blood vessels (arrows) in
the border zone between kaolin granules and
gliosis (group B). x45

%

hydrocephalﬁs.

Sixteen
Spongy appearance in the
periventricular white matter (group B).

x 30

Fig. 10a Kaolin-induced
days of age.

i o 2 3 .

Fig. 11 Kaolin-induced hydrocephalus. Sixteen days
of age. Blood vessels (arrows) not filled
with carbon black are present in the
edematous area. The surrounding tissue is
well perfused with carbon black (group B).
X 55

SERIKERAE 7 » M iCk ) 2 SR O ER DAL 21

Macro-
phage (arrows) containing kaolin granules.
x 220

Fig. 9b Higher magnification of Fig. 9a.

Fig. 10b Kaolin-induced hydrocephalus. Sixteen
days of age. Intracerebral cavity (Ca)
(group B). x45

3-2-3 RMERNE(L

2 v b r— LT3 carbon black oF AR EFCIM
BEREICRTE L - 1.

A BETIL, IBSZESMAIEEAL o 20z carbon black @
FHE OB Ry LR bht.

B # T3, (A4 intracerebral cavity BB
DEBEHICEREKBEIE L Rich, FiacER
carbon black Diff A L7\ &2 R S (Fig. 11), —
KRz carbon black DT D B Sh B IEFEIHe= v b
r— UL TR > T, F7, BB intracerebral
cavity L {FREHOERIA I, FRUKBEETES
Nico & [@HE7e carbon black 3% ¥ h EEA I iUk
RIME» R I .

3-2-4 TFEHBERR

A BT, mMEMEISR S EFEBOTELRL T



22 Bl i FLBRESEE

Fig. 12a An electron micrograph of kaolin-induced hydrocephalus snowing the edematous white matter near
the intracerebral cavity. Note deformation of the capillary lumen and enlargement of the extra-
cellular space (group B). Fourteen days of age. 10,000

Fig. 12b An electron micrograph ot kaolin-induced hydrocephalus showing the distant area trom tne intra-
cerebral cavity. Note irregular surface of the venulous endothelium with numerous plasmalemmal
vesicles. Swelling of the neuropil (group B). Fourteen days of age. x13,000
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Fig. 12¢

the intracerebral cavity.
nated axons(group B).

x6,500

An electron micrograph of kaolin-induced hydrocephalus showing the edematous white matter near
Note enlargement of the extracellular space and the immature myeli-
Fourteen days of age.

Teble 2 Comparison of congenital hydrocephalus and kaolin-induced hydrocephalus.
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BEBREENRE L CHY, REEKOBEE XS4V
VIRBEREZ  HRTEE T, ANSBEBMOILA LB
BEOFEFLATETH -T2 = OB TR AR
D3AA UV VIKEE X D BITH Y, BEBDOKEED
BER—BREThH - 1.

—B I KBERE IS T, IMEEL LR L, B
WEE X - A HLNEEACRE LA s L
TSRO BB Y UKEERMREEY R T & v
BTV B KPR REKEEC Y+ U VK
BFEERVTR LN, HMERME» AT EFIE
AT CDOFESe, intracerebral cavity BEOEEOHE
#21k13, spongy appearance'” ;¥ TED, K
FEREEOR R & —HT 230 Th 5. BFEME
T %S %= intracerebral cavity & Bz neuropil &)
DEEBE IR E D IREDR ST .

FRMEKTEFETIY, FEANERBEOKMKEE
ToHHE, HiAEEFiER G ToAE R EERPR
BLTREOK, BERBO FRMIIIEEIRIBL
Tz, Zhi Ly 4 Y vAKEE TCIME D2 E
it - CHEBRAEEEY B 0B AR 5 h,
B ERMAETOAECEE FcE L KRB z—#%
ZIEEL L Tuste, F 7, NS LRI SR
Thtwk, Tiebb, SEREKIEETRKE ERA
R L i ftBE+ % intracerebral cavity OB
S R B IEEHRR TH B O L T, &
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F Y VKBERETIRD E »IKE ERMEOWE W
7oy, B = B B4 #8113 7o % intracerebral
- cavity DR & BHE L& HRRT o BE I A
Do TEENEBE IR TV, ShboE L, BKE
7B & neuropil OEFEORBEDOE T IB LD
L Eih%. Tennyson and Pappas™ (iebf¥AcEo E
KO RECOWT, BEE» HABEGREI EX
MR BD ST » AL R EXRE L Tk, 4
Bwis - T ERMBOTELEEEEITRT 52 L ¥H
HFLTws., Tihbb, BEPI VBRI, EXY
KERE T, BMZELAMRIT L b RETH D, KIEE
DETI L Y BHHERIND S, ZhixL, $HE
A7 7 Y v KERAE OPFRRE A Ci M E Rl BT
ORI T CIHE &7e b, ZOMBIHEREE» S
HOBREMEE*RETHEZXFH-T5b0LHE
Bt Ff, WEFAMOBBRORBEDE L,
S RMKTEIE CHEERC I TEBEEOHN AR
LRl o oD, HA U v IKEE TR
CEEBRMEOTME IR bhics b HEE I .
FERWAKIEREE A+ Y VAKRBFFEOTEICHEBL TR
B AT B By 7o B Bk oo i %% (intracerebral cavity)
3, EBEI LB T, Weller and Mitchell®
& Kohn et al® ORIk EO#MELUN TI1ERS
7z b7y, Weller and Mitchell®® 3 2 588 04 Ktk
KEFE~ Y ATILS BEOMEBRB OB % % “cyst
formation” & UTE#EH L Tk b, Kohn ef-al™ 13%
DFMPTETH S, 1 BEOERMEKEIEES » T
H|EL TS, KIEGIO L 5 e EIR CREHIICEE -
7z intracerebral cavity D& IAREFIL TS T TH
D, BICEBRINCIER S NcKBETIIZIO L 578
BEEOWME TR by, 2o intracerebral-cavity
OEOFRERICEAL Tk, FKEFIZED CTHEHROK
BRUE ISV Cli e OBE 235\ & & s B IO R »3BS
FBLTBEELZONDD, EREKBEELE LAY v
IKEEAEOH T TR UM EARBEICER S h, <
0 QB IERBIREE CH b, BEFRTZHRT S
RRHER D/ corona radiata DERIZAIETHZ &
HERT DL, BRI O MICBETFR L5
BINPTVENTHIH I LARRELE LS.
. %7, intracerebral cavity OFBECIIKNKBAE &
HEIBECREY L, BehREOEEYEL
T ode. £RIEK L, intracerebral cavity o
ELRVCIBE CIHECKBRREORY, MEZE
KEBL e, 2oz kLlb, NEEOFEEYFE
TTEE L LU, ANEOR K X - TREENE

HELKIEE 7 » MCKTABEBRE CEROEL 25

BERBICEMHT B0 L, FESITR SN intra-
cerebral cavity RS AKK B OB%E, KEDOX
SWINEBE A RET LD ENDD LELRS.
KEBFE I BT AREEoEE B L T, Weller ef
al®® 132 BEh L 4~6 BEORNICKBELERL, &
B D EE TIE, oligodendroglia (2 & A LEESh
¥, BEoREECEERK gliosis, macrophage 735
HRABZEFREL VBT ER, —J, KEE
DEAIMAEBIL T, 13 & A ETHRRFMEITRD
LR E BT830 Wozniak ef al.® 3,
4K KEERE < » & (hy-3 murine mutant mouse)
BT, Fio, Sato ef al® I RIERBIFHLIAFY
v IKIERED carbon perfusion BRI\ C, KEER
BFESSC—F L CORENEPHAZELE SR b D
EEmELL ¥, BFEHESNLMEORE-.
FEHERR LR 2 EAHDLRTE D™, BKEED
ZW R NERBASRCBMEREESEL TS &
DEBEIN T A, KPFRICK- T HEREKEEE &
F A Y VIKIRIEDTE I B\ C, BMEFB - intra-
cerebral -cavity- B/ CiZ carbon black DFEA NS L
W MEPHAENE S EREENCBE IR
ETHE#RENCT, BEOCE LV OEMME T
LA R IR o B gk 12 M i AE BE T 4 $ o plasmalem:
mal vesicle WEEL, FOBb—ETHihoTe &
o8, WEMA%Z AT 5 fluid transport DILAE A7
THOLERIh, BAOE LT 58K OBHE B
YTRBETAHLOTHE. —F, ToBirEl, BRES
RO CEE I N D%EMET L AR
THHZELHEAESRE. 4RI IAE=TAD
PIBMME TR T L REBRBE R IT IR
RHHELI T E, %4 H258 HBD = AR
T %, WEHBOEXORE—* large vesicle B8
pinocytotic vesicle 2MRE I N B L5, LENRST
FEOBEMIZTED SR MEOEE, Zhbodf
BORERBUEBE LSENEOMEBCLEE >
L Dhy B DV ITKBERNEE & 5 HBRET
MEDHHEAIAFT I E Ui TREME b E 2 b 5" 2
SHEOBH o RE e b,
SR R a0 & Nakagawa ef al®
2, AAY VKBRS v b T L7 interendothelial
blisters. i 3818l L 7~ vacuole R A ZD bhtz. =D
B R AR T, AREKEEOATHES LD
TV YAKBEETIROh -8y, Zhit, BEL
LB SEIR Y A L TR S h TR EBbRhA.
#¥-, intracerebral cavity & {#E & 08 R FBC R
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THEROTIES R bRz & 0BT 5
FrR & U CHRBRE .

AW MEE TR BB RS, FSREKE
REVC 3% TERIERR & SRR OB AR C SO HEE)
TReEZMIME DELAEIEREINLZ L THE. W
iR rRS b, EhiIzZhbomEREC
13, ¥REM I astrocyte @ g4k & neuropil O ZEfE %
PEoTte, ThboZqeir, &2 BEOKIEE
Tt B SR, Figs. ba, bb and5¢ TRl &L {8
HHAO KEBRED L THRD bt O TR E
ORI RAZ L iz b dsdds bR NLE i
B AWBFHENILS - L AEECTH Y, MERE
o astrocyte OIS 7o BB B DZE(L 2 B
BL0OTH-Tc. DX CEEBKEHCILEh
LB, L EBHCHIMERSEEI H
BAFETHZ LR FEHEINTELT, KEER
BT HABRED 2 » = X 2 BEET 5 ECHEERE
LD EBbhb.

2 D IKIHEE B 1 A B EOET Y, HikEHE
PETAEBOETHIE A L - TR 5 ET5 L, B
AL OAZEME T HRBE ET T A Lc W18
BREL, XSEHAICHR I EERcYEREY
ETHMEIMERI NPT TH B L, KR
TR HOFAEME L hELEYES 5 ME B ES
BAEZEEZRHTAFRRIB ORI - e,

chbomEOMERICBEE &5 &, KB
FE 1 5 MBREE RES LSRRl x 0B F

L oTRIBEE LTI B Tihebh, Ex
DIKEEFEIC B\ THK BB Y S0 588 o/ 4%
DELLRIEEO S D Hie L Y BESh, RWTE
O EZEAERL T OMOTRBOEFIZ X b AL
r-EEENE S LEMEREEORE L, £
OFIEMC & D EBEELSZ TS5 DTHS.
7ot ZOREEEFFREROBEAFER KT AES
FAEMBEI Y AV VAKIEETHRESATELY, -0
AL TIHZEOMEBRPE EC I 500, B
BUVITEREKBELSIT2RELOBEMICL 5 %
D, SHOBRFPLETHS 5.

3L, ZOFEHDOIMCE Ui MEHAE SEH

BT HKERECOLERS B &+, $EICES

NAHMEEOF U\ FEELIC 38R B N 2 T
BREENBEELRELYELTCH2EE 2N, &
BN LOEABRE LI AKEEORED B NET
»H5.

[ FLIBEER 3K

5 B #

FERMEKIERE Z » + (LEW/Jms) LB fER L
Fodrd Y VKBRS » b OMREEICE L COESEER
BR OB TEMENORE 2T s - 7o
1D AR o R K BE C R AIKE D IR

FHTH D IWERLHE L HEDOIKITTED il

Mot TRIEHLTHA Y VIKEETII Y v

HhAE F TRAT AEFBR S, SHKE

R 4 KE T gliosis RFEME, »4 ) VEEE

L 7z macrophage 7822 & h, NEH L MBEEDE

AHARBEBEE 7o o Thte, 20X 5 fcinfliNes

OUKIIEETH h, FIMNELHE 4 MEOILKIT

BETH-72. —H, 24V VI AERNERI R

BLTCWAHITIE, 5H3NMELHE 4 BEOTANE

HCHNE DI KITBETH - .

2) SEREEAKBEELH AV VKEEOHEZ CEEOR
I A R S, T 0bh, SSRMEKEEE
TIABRKEE TCREEORBE CRENEHTH
D, A%V VKIEECTHUME ERMRETOAES
BBEEZEOTRAR L.

3) ERMKEHAE & H A4V VIKEEICIEE L T ANIK
BETOABONE,» LHIEEOIA, Hiciishs
W 2 5B oAl © corona radiata OFIRITE
BRI INSEE o % (intracerebral cavity) 2%
Rent.

4) ERMAKIEEE H AV VKEEOHE CEEE
DELRR bR, W CEEERCER, ®BECT
EEER RO MBS EME LR b 8
b cavity & EEOERTIIIRRME L RH L.
EFEME CHEET I NEEROBOTRE L %
¥ o plasmalemmal vesicle % & >& kD R/ ME L
T BMME 2 R S, SRMEREE CIFER &
IR IEIR O A IR i 13 1% A o> astrocyte 34
B2zt L e ZL2AENE RS bhie.

Fafkzbhicn, MgHE, HEHEBH - 0w
TR O BREE, WEEME LB
BHIEET S - 1oRABE RFEBESERME 4R BEE
ARRARLET. FREERBAKEES » r 255 L
TR EEKEERER AR 7 ¥ Ttk &,
T ORMBIBEE R 1L - TTR o B ER HE S E
HREEABDHE Y O ERCHEB DT X - R
RENPHEERE RNRTAhd, Bl B ACEEEL
7.
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