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Summary

Histochemical examinations of the cerebral cortex of rats were performed using the Falck-Hillarp method,
to observe an enzymatic blood-brain barrier mechanism of intracerebral capillary endothelium and a repair-
mechanism of damaged blood-brain barrier with glucocorticoids.

After depletion of the endogenous monoamines with a large dose of reserpine, dopamine and trypan blue were
given intraperitoneally to the three groups of rats; control group, cold injury group, and cold injury group treated
with dexamethazone. -

In the control group, dopamine and trypan blue remained in the capillary lumen and had no penetration into
the cerebral parenchyma.

In the cold injury group, dopamine and trypan blue penetrated into cerebral parenchyma freely through the
endothelium in the edematous regions. Dopamine was uptaken into neurons and astrocytes, and trypan blue
penetrated into neuropil in the edematous regions.

In the cold injury group treated with dexamethazone, dopamine was uptaken into the capillary endothelium
in the edematous regions. Trypan blue was not found in the capillary endothelium.

From these findings, it is concluded that the capillary endothelium loses an enzymatic barrier mechanism by
the cold injury, but that dexamethazone restores the protective function of the capillary endothelium to dopamine-
penetration into the cerebral parenchyma. It is suggested that dexamethazone activates an enzymatic reaction
in the endothelium or produces a structural repair of the endothelial basement menbranes and astrocytic feet.

Key words: blood-brain barrier, endothelium, catecholamine, dexamethazone

LU ORI ENE T S Tn b, Ffifess

botol DF 5 b, NI REAIRIC S 51 5 RBERST
AR (B - B - B)ofigiic T U BRI, B ELT, WEOHA D ICH LERABEE LTV &
PREIC L » THICKRE RIEL 2> TV D, 2D, PREHEH TN S
B4%B®%%:@#éﬁ%ﬁ@ﬁ@ﬁﬁm%&éhf 5, WO & L glucocorticoid 251K <

ZhBhbbY, WEEFSBRERIELA TV WHR TSR, ERRFE CEZHLRTRY.
v, U LIEAESE, %ﬁﬁa)%@_i v, %@f&ﬁﬁ{i iz, glucocorticoid ¢ B-B-B {F@{’Hﬁb«.ﬂ@“é}f’ﬁ_@%m

R SRR K AR
Cigede - T602 FUHRH b RURITIRAT 5 /NG, BOHORS SE R AR AR, P =)
197845 A3l H g

— 831 -

NI | -El ectronic Library Service



The Japan Neurosurgical Society

BRI, BB X 2B bR T 250 WO E
BT ROA LG A B THignt?,

Z 2T, HEEE LT, BRIEEHOIERZ ONEH
FICEH L, ZOWMAER X OTREELE M5 iz, cate-
cholamine (&E0 3 % Ti% dopamine & Fl \\ 7z) %
tracer L LT, #OEREDHEIE % Falck-Hillarp % iz
TfTo7z. X 5HiT, glucocorticoid 28 “ I ED X HIT
YERT2 0% bEFE L, HTORED /R 1 E L
7=. Dopamine % tracer |2 {5 Z O,
AR HREMICER SN EBNYET B 5 2 ®,
horseradish peroxidase % tracer L3+ A2EFHIC X % 1B
FHIRFE L D b, EEOWRRBIGEVWIREBEZ BIE T X 57
RBHY, MEREMFEEE L CEa=—r k77 e —F
EEZ5.

tracer

I = ik

100~120 gr 7 + 2 % —F v b 50L& PUF ORI 4y
7. O 1% : B-B-B BURF200L, @ 27 : B-B-B
WEEE L, glucocorticoid %5 U8 2000, ® % 3 B :
SHRRRE 0L, Zh b 30T N CickitdAle &5 L
T, TAPEARILE NERRIC 1T % dopamine D%
PeseiREs U7z,

1. B-B-B R {ERiE

5y NOAEBEFICERSmm OFEE bIJ, dryice
& iso-penthane ¢ — 60°C | IBHI U 7cHilAE 2 FERK £ 2> 6
30FPHIY T T, UG A B L .

2. Glucocorticoid ¥ 5%

FREEIEEE A LV, dexamethazone 2 mg/kg # 1 H 3
Bl (&FF 6 mg/kg/day) BERRNE L, 48R O ER
TR e, 2%ERIXI2 mg/kgTH 5.

3. REEXREARE

HIR D 3 DK &Iz 2>WT, BRIBIFMIANIC reserpine
2.5 mg/kgZ ¥ 5L (Zhix, TBF DA catecholamine
ZHETHHITDS), 6 B5HRTIZ 1 %trypan blue 1.5
ml Z¥E5 L (B-B-B REEEEH A, WHRAYS X OEEER
MR B B TH %), 304571z dopamine 50 mg/kg
EERE L. 25T RCERARS L.

4. Falck-Hillarp % (C &k 3 BEHBERZE R

BRI HiIc ke L, dry ice + iso-penthane

(—60°C) o An CHRMEE S &, —35°C5 AR, —20
C241#fH], +35°C12pEH], 60°C 1Bl cCEEME I
1%, 80°C-¢, paraformaldehyde o5 2z 1 B S & L,
NN T T4 VICEEAELT Tey s BERL
To. WNT6p OYIFEGIY, A Y v 2 RBCTHMSE
model FLM# fvy, 410 mu Y5 T excite L, #KI Y

Fig. 1
Faintly green,varicosed fluorescence of dopamine

Cerebral cortex of the control group of rats.

are seen sparsely along the nerve fibers (arrows).
Neuropils shows faintly green fluorescence. No
extravascular red fluorescence of trypan blue is

(% 200)

demonstrated.

Fig. 2 Central are a of the cold injured lesion.

No histological architexture is identified and only
intense red fluorescence of trypan blue (RED) is

diffusely seen. ( x200)
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1. xtERe

KM p B iz 13 (Fig. 1), /hX 7 varicosities 2753 % #
Wkt catecholamine SAMRENBIERICR DO LD
® 7T, neuron, glial cell, =BHHMLAE PNEMBEAIC X%
Jei3ER % & iF, dopamine DHE AL A2V b2 %, Trypan
blue XM ENICHED, RAOENKETEL TS,

2. B-B-B Hii#, slucocorticoid JE 5B

© HEHOEHOKBEL T BERE R,
DREIE X R, trypan blue D3 % FREFIEH ORI
HDOENHDHRTH S (Fig. 2), WBEETH B zcate-
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cholamine &M% 12 L, neuron < glial cell (33X
EloY (R AN

® HEEOEDHOLE TIE, trypan blue X 1E & A
ERMARNICEE > TW5b %, #A LT neuropilic
bhBNHTHD, LhL, dopamine [IIHEENIZE
DiAEh, glial cell, neuron OIMFAAECHRMEICHE & ©
BB b0 E (Fig. 3a, b). EBHIC TR
N, SRR TP & iz dopamine 2338 b
545 s B 5 (Fig. 3¢). PNEMEANIC idtrypan blue,
dopamine @R YEEERD B ivign,

® WRETRE O RO O BB ek AR & R Bk O BT R
T, PR B CRRME O BUE DR B D 0 2T, neuron,
glial cell /3% & XV, WEMIMIC b EEERD 6h T,
trypan blue, dopamine [IHEBN~EAL TV & W

(Fig. 4).

3. B-B-B pjiEFt + glucocorticoid g 58

@ #EEPLEO BB T, glucocorticoid JEHe BgE
L KR IC AR DR ASBR <, neuron, glial cell, [fn %4
DIEFEBEDFIEIFBD SN T, trypan blue @ FRE @
WA EEICRDENEDARATHS (Fig. 5).

® REBEDBORE L, glucocorticold JEE G
CTRMPRR B, Tibb, BHMLE NP ICdopa-
mine3F 3 2 FEEO WD b, BFE N Dneuron,
glial cell } @ﬁ&m&mbﬁ&mwmgn&V\@@
6 ). Trypan blue (I neuropil IZ > FICHEARRED
i, HTEE2DUFREBICYLD HALT, glucocorticoid 3E ?ﬁ
L OZGHREICIEED bRy, Z ONEMIRICEE
» B % dopamine DL, REAWELO 4 i RE

T, BLBBIE Licho T bhizlky, XED
ENEFRROFTREZET L9105,

® B L MU EE CIIu REE L IR T, NEM
Bz 36138 5§, neuron %2 glial cell |z ¥, dopa-
mine X trypan blue OHEARTED b (Fig. 7).

4. LEDOHRROE LY

FEROEE, KMEB TIX, dopamine, trypan blue

C

Fig. 3 Peripheral area of the cold injured lesion.

EHEENSEARET, BHMENMIC SR A% a) and b) Red fluorescence of trypan blue is
YP

IED bRV, BFEEEZ BT L, BEORWHD seen in the capillary lumen (arrows 1) and very
ISR BES T, trypan blue © EAD & faintly in neuropil. Green fluorescence of dopa-
_ | icoid mine is diffusely demonstrated in the neurons

PRBHHND. ZOPTRE glucocorticoid & H 5 LTH (arrow 2) and glial cells (arrows 3).
LSRR DRV, 5O EIZ 1 T, glucocort- a) X100 b) x400
icoid FE¥EEECIL dopamine {3 neuron X glial cell c) Nerve fibers with intense green fluorescence
BV IAER TV B2, glucocorticoid 3 5.8F < & dopa- of dopamine is observed (arrow 4), suggesting that
these fibers were transected near by the cold

i S 2 0 1 A8 % - 5 Vi
mine 23 LM ENEMBNICE XY, LA LD %D i injured lesion and dopamine was stored at their
FENEADREPIERICEL 2> TWV5. proximal stump by axoplasmic flow (arrow 5).
( < 100)
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Fig. 4 Cerebral cortex of the uninjured hemisphere.
No intense green fluorescence of dopamine is
demonstrated in the cerebral parenchyma and
capillary endothelium. Red fluorescence of trypan
blue is seen in the capillary lumens (arrows).
(x200)

Fig. 5 Central area of the cold injured lesion,
treated with dexamethazone.
No architexture is identified and intense red fluo-
rescence of trypan blue (RED) is seen diffusely.
almost same as in non-

(% 200)

These findings are
treated lesions demonstrated on Fig. 2.

a

Fig. 6 Peripheral area of the cold injured lesion, treated with dexamethazone.
Green fluorescence of dopamine is seen in the capillary endothelium (arrows). No intense fluorescence of dopa-
mine is seen in the neurons and glial cells, that is found in non-treated lesion on Fig. 3. Red fluorescence of

trypan blue is seen in the capillary lumens.

Vv & 2

B-B-B D REFHINIZEIL, BEH TE LW & & &
#&b%,%m@%ﬁmmW&W%@% R AR i
m@%é’bkﬁfﬁ ZEBRHALMNCEN, T2 B-B-BD
TERTE I TS, Reese, T.S. & Karnovsky,M.
JE X a L, WANIUE BRI, BT 2 N
Koffiz tight junctionZ 3% Z 2, pinocytic vesicle )3 FE
High ez &, pore % fenestration @ I 9 7 KETEMN 1
Nk, PNEHIARELECHEDS astrocyte o foot THR Y FH &
ATEY,MEPRNZ LR EOREXRD Y, WEERE
HERLLHTWHE LTS, F7FEH 1%, horse-
radish peroxidase % tracer & U TR 7= EBRANZED
BHFTR2 5, B-B-B Wy o NESHIRE O BRI

a) x200 b) x400

EELHTNSE, Fhizk b &, 1T tight junction
BB Z &, # 2|z pinocytic vesicle 3¢ & T tracer %
HEEEOIChedZ b, B3 ICNEMIIC AR 2 288 A5
TE, REOWREFWMVIATLZ L, 4 CHE FEEME
BEEL, WMEERTHWENES LS RB L, BT

fenestration NFFAEINBZ L, R EOETLRED b
5LLTWS, ZOfRRPE, BN RS
#)72 B-B-B OIENTFELTWBELEZLRT WV 5,
L LZ DFEBRTIE, tracer & LT, JREB %W E
T, Lib@EaTEOMEEZHANWTNS o, EEO
B-B-B OBENHNTHWE LIX LT LLEZRVERD
5. HARRIZE, UK BE BREA AL O XD AT
BOBBEFEBHNICRA D Z ENTENMTIRVWERD

Mo Hs, BRECIEN ERE2METHS
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Fig. 7 Cerebral cortex of the uninjured hemi-

sphere, treated with dexamethazone.

No intense green fluorescence of dopamine is
seen in the cerebral parenchyma and capillary
endothelium. Red fluorescence of trypan blue is
(< 200)

shown in the capillary lumens (arrows).

—J5, ACFEREE D B AT, TEIE PN R MR A
BNCIEFICIER 2T, 2 OBEPFTENLTNEZ
ERHBAS TS, 2 LTI bOREREY;, mEN
& & IR L OO ERE) % control L, HEEERY7: B-
B-BoffErLTnse Zabhs £OHRTYL, L-
dopa % 5-hydroxytryptophan %£¢> monoamine RijERY
Hicxy o @R, HEER B-B-B ofF I, Tk
Bertler, A, 5*, Owman, Ch, }» Rosengren, E. 1®,
de la Torre,J. C.#, Hardebo,J.E. H®iz k- THE X
nNTWws., §7bb L-dopa OEEEHlicL DL, Zh
DAL PN 2 HEIE PR 1 B Y 3A £ 21, dopa decarboxylase
12 X - T dopamine |z f&#{ &, X Hiz dopamine %
monoamine oxydase (MAO) |2 T TRRNEAS
PRIEEA Z ERHLPIZEIN TS, Z O FT 713,
Svendgaard, N. -Aa, 52 O L iI% 0)1*5'_5_%%*50;‘): %
ET‘%‘E"?D, Bjérklund, A. 5% OFAME TOHFILE I

, Wi B2 LT, & 187 & 7 B-B-B 1%%%%
Tbépkﬂ%%ﬂfwé._h60ﬁ%ﬁ£tlff
Falck-Hillarp JRic X 5BEr bR S TR Y, Mo &£
HAME T 5 catecholamine 38 L N % OFIEEYE %,
FREFNICEDLY TR L 52 5 2RRBd 5. 20
72, FiRko 2 K AFEPHE L tracer [TV OISR
T, X VEEM RS EO—D L E LD,

T, SEIOFA OFFEE, HIBREICK L THEET
% B-B-B 2% dopamine 2D DOFEDHEEE S I B
>, &7z glucocorticoid ¥z TED LS T & 5
JE0EBELLELOTHS. HEEOHEIL TTK
Hamberger, A,  Hamberger,B.”, KZ&H"Y i L - TH#H
HEINTRY, SEEED glucocorticoid FEFKEFIT I

FHBEL BERILEREB TS, TROLEEOY
4, arca postrema %D\ B B-B-B OFEEL R WER
fiLz < &, dopamine [IHUEBENICE LB H A, ME
PEHIBEIC HE D A £ 72\ 2%, B-B-B BRI 135
Bz Y A £ 1, trypan blue (I neuropil |z, dopamine
I neuron KEEWHOHLNBHLELTWS. FHAxDEBR» 5
i, BMERBENZEA L dopamine OFFEFEERALA D UE 2
BRERBE BN, neuron D& BT glial cell iz 338w
Hhb. ZOFTRX, NEME—astrocyte—neuron &\
SWBOBEIN — N OREEMEERR L TR Y, Vise, W.
M.2 pF 9 T & <, astrocyte =D b DR EBEE L
BoTND LT HHE—8T 5.

VU FDOEREREZHE 2 T, glucocorticoid # .1z T,
R B AR P R RS
REEE DS W0 ig B EE 513 B e W THRE Lk,

—fiiz glucocorticoid (%, A& TR E FiETIRIBIE
e, RETHRERTHREERC, SamsEmR»
HBHLEDN, 05 LEMMI RIETFEER L&
FEMEWERE, BEove 74 —Fuc TRASh->2b
B bbb X O, ERNMEETICEET S
LT - LA L TERIZAY, BT/ ewsrk
fEa L, DNA 7B CEREAEXFET 50 TH
HLENTWs, L, FIREFERICEL TERED
LTAESTLK AT, 20— TH 5 MEBHEEEIER
L DORBRBZRLHL TR,

ZDX oz, REATH B glucocorticoid o PliRE Iz %t
T AR EBEE O ERANELP R XS &
LA, Long, D. M. P, Maxwell, R.*® 1z J » TH X
nTW5, Fhic ks, glucocorticoid #5051z 12 1
BB 2 BRER O &5 5 EFEAS hEnZ &
cyte DIEIENS D72 &, neuron ORFENITRWNT L
EDFRPFED 505 T RTERBMEICTERN
ELTWB, ZLTEDOERBF & LT, glucocorticoid
i, 1) MEEBEEDE TH 5 histamine 2P+ 5,
) FEFFRMICEEZ ZES Y, ERXcE Es K @E
T MBI TSE VL5 ~I0ELELEEN DK
NEMEFNEMEIROI h2 RV 72 BR#ET 5, 4
Lysosome % 22 E{L L TG DHERFZ 1T 5, 5) ilE
RO+ 2y MYBELZRENL, WEOBBZKTELD
%, REDARMEEET N5,

Tox DEREZ F LOERT S L Fig. 80X Hicin b,
EH D8, dopamine [XMENRICHE > T3 (1),
L 2> L B-B-B BRI 12 BMME LR i Y LT, neu-
WY AEND (2). 20— M2,
Liga L, astrocyte RIEOHEL BALE

dopamine} W, neuronis X (Nastrocyte

astro-

ron X astrocyte |
astrocyte (N% i@
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Parenchyma Lumen

|| Endothelium

® < o Dopamine

(1) Normal

(2) Cold injury
(Untreated)

(3 ). Cold injury
(Treated with
dexamethazone)

Fig. 8 Schematic representation of capillary endo-

thelial function after injection of dopamine under
several conditions.

In normal condition, dopamine does not pene-
trated into the endothelium and stays in the capil-
lary lumen. (1)

In the cold-induced edema, dopamine enters the
cerebral parenchyma freely through the endo-
thelium and is uptaken into neurons and glial
cells. (2)

In the cold-induced edema treated with dexame-
thazone, dopamine enters the endothelium and
stays there without further entrance into the
cerebral parenchyma. (3)

ELHBE2 b5, Glucocorticoid DIE.DHE4E, dopa-
mine FNEAIBRICEY A £ 5 0% PMEEN T
ALEEAN(3).

B ORI D, glucocorticoid [ dopamine 23PN
BERIBAN D DIMEEN~EAT B OB EE 2 505

ZTORRABFICEL koS8 Z2 63, T2 b
b, DRNEMBANT, BRERC@ X2, dopamine

R#tE@EmH L, MPGEAZEIET 202, 2) NEMEE
JEEJER astrocyte 0 foot 72 & & HEEHDICHEIE LT, MM
EAERGT 500 CH5. RETY, Goldstein, G. W,
& Diamond, 1. ® (ML P9 R BRI AR 12 active ©
HHLBELTEY, Z0E»BIIAIH ORI RE
sha. L, REeBEETLE-Th, EEI
ED X5 BEERCHL »i3b 253, 7z dopamine %
ERXPIC RS DD, Fhk bHIZMAO EEE T
F2REFD, R L dopamine REE Iz L H
CRAZZDD, Fol{AHTHS. = » MAO &
7% glucocorticoid iz & ¥ K T3 233 1% Parvez, H. &
Parvez, S.11® jz J v B ShTRY, & bicBEmKT

LMAO FEMRT 5 L Eb TV AW ew, NEMaA
NIz dopamine 2338 H B DIF, BICSERED 72
T ERVorblLiin. LALZ0HATYH,dopa-
mine INEHROEERELY 2 2T, MEBN~#E A L
TWRWOIEEET, ThEEz b L EERD astrocyte
o foot 3 EE LOMERE 5 iz v O EREMERE < &
2 TL 5., L LSEIOERISOHRTIRRERRZ &
BEZT, MOFE»LOMFABLELEDND. &5
CELEFEOHATS, HiRWE CdH 5 L-dopa [XEHE
MAENEMREICEATE 578, dopamine DPE, N
BRI & 2 TR ~ANR R WEBIAHET, &
NOFRALBLELEZ DS,

B-B-B ## 3 X (8 glucocorticoid 7 X %, #DEEME
OB 2B 51003, 5% L bRk E b
DB L, ZoBEEXHH» bRAWICRIT 5%
EXRbHLBEbNS.

U - i

MR B PR R 38 O, glucocorticoid 2 & % % 0
BERO T v b ORNBHOLE NRBROBE % 4572
%, dopamine % trace\r iz v Falck-Hillarp iz X
BB LT, ROFIAVE BRI,

I EHECIE dopamine [ZBMMENIKICEE Y,
PECRIIE NI I ER Y A E i,

2. FRFESHESC X 5 MRS PRk ERRRIC 13, dopamine
VENEZ RIS Z B I HEIE U, IMFRE N astrocyte oneu-
ron [ZEXVIAEND.

3.  FEERE + glucocorticoid #H #4121 dopa-
mine [INEZMENICEE Y, MEBNEASEIE &
5.

P EORERBIO, BHEE CIKHLPERoTWBL-
dopa [Z35%F3 A NG D enzymatic blood-brain barrier
DEFEEBRICANS &, RO LS REHRPBLNS.
+hb 1‘9,‘ Pﬁ}}i;‘ﬁﬁ}ﬁ@&:ﬁ?{j} 4% enzymatic barrier (X
BB TREE S N 5 )8, glucocorticold 13 Z D NEZ
OB E 2EELT 50, £, NEMBEEREOR
WHREZIT O DO 8L 5000, BHE S iRk
BIEET B LEX bivd,

im0 BEE X, B30E HA MRS BEEBE 21977
B, KIFE) KRB THRELE.

AW, BRO2EECHMEREMERMHEY (B
FA) BOWRE S T,
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