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$Ob T REN N REIE TR O MM S 230 5 s T 2 o012, BRCHIS N Y v 2 ARSI
HUT, =7 AR 4 B FREMERMICBE L., st~V v 7 A0 55, BREOREEXANS -5
WV TZ ALy N R, FoBMERERZRET 208 > = VERE ST 1, BB B
ST 2357 LMD o 2 RSB TH o 72, 25 7 VRIS, MHES L UCHE WG
AR AS A TE L, DI OBMEIRHE & microfibril HASETEL Tw7z, MHEBRIEL T =Y AL v FRAER
POV 47 A+ LR TFORETHZ SN T, BERNRICIIGHEEMMICEL L 7 BEa s
BEEAEOMBE L EEL Tl WETE LS~ 2SR MEBELED > b o7, Arachnoid
membrane IZN-HZBICKFls L, ABIEZEET 2 BELM S 2D, ZEO tight junction 12 & »
THOIZEEL Toiz, MBOHIIIZERICHE T 2 Ml 28 L, B2 2 5 4 2 BHES microfibril 7
E DR EHBIRHER 2 2 B A T\ 72, Arachnoid membrane & JMEE & ORI, HERICETT2< 3
BB, JEEEIE T -BORF A FEMBEATED S, s oMl SEOMIENME TAahT
W7z, Arachnoid trabecula 13588 S 417572, 2 OGO IEIZKERF VT =7 Ay R
BEOMMELIRDE LT 5RD, ZOHIZE 3 77 S EHEE £ microfibril BEANETE L T\ 7z, B
B ASN Do, ITOL D RERBEOMMEEE, < LETHESHREMILC L > THRD S h &
Tia <L, 277 VR CoMBENAT ) v 7 22 EREVGIKERIEMEZOLOTH S Z L 2HREC
T E L LI, MERES COBBEMEAT Y v 2 A0hEBESTERLTVA I EETRBT 240Dk
Ez oLt

Key words Meninges, Extracellular matrix, Subarachnoid space, Subdural
space, Ultrastructure.

BERES PR PR & 1 O R EEE R O IR S
T, HEMBFEIIZAMEN L D BEE (dura mater), <%

BeEzs5nTnaY2,

BHE D BTS2 D W T, 1958 £F Pease 5941

fi (arachnoid), ¥ & U'FEME (pia mater) O=BIC
Rl&ins, LIFLIES bREFEE 2D b TR
(leptomeninx) & EA T 2, TEREASHRAME PRI HS &
4 TH B D xt L, arachnoid membrane &
arachnoid trabecula 7 7% % < & & & Mg =
B I TR e 2 5 A U RRHE B R T A 48
BB TH Y, XEEFAEN L IR & B
MaigE s LB s T3, BlEL < b E ORI
BBERE T HE LI IE N B IROERAFEET 5 L\ 5,
Arachnoid trabecula ORIDFERIL < LI TEE (sub-
arachnoid space) & IFiT 4, BYERBEMATIN 2 TEBOE

7y PNBERR EEE L TLORk, SHETE L EED
BR2OBYERRE LT, MEBRREOBA» S8
BROMKaFRE MR ERE L DICFERE B L
Ehn AN TEL, UL, iR Rans <y
eSS, MG b BOEES SRR 2 05> M
iz ko> TRSITHNED shcMidMiEcs 2o
WO F ok, MG & A HEIETRRET, a7
FRAEDBUTE S 5 B e IR RARE T h 2 D0z D
W, REBMO—E45ATwRO, 20L& 23
FHERE O FE AR & SEHER AR L T3 &5
EbNA, Thbb, EROBMIZEENHETIE,

Ultrastructure of the Mouse Cranial Meninges. Yoshio Oda, Department of Pathology (I)
(Director : Prof. I. Nakanishi), School of Medicine, Kanazawa University.
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Bl % SN B I B EE £ A LR L BEIE & 55
Hawtk MECRAETIDHUEEL TEHET S L
WA AEMESNTE, L, ZOEIBFET
B EET b & SRl e B O SRR A E AL L
TLES LM ony, 77, MBELRBECRE
A SIHNb o T artifact 234 L, EFEEEIDHOD
shTLErbnrErzosNs, BE, EROWST
WAL ORI E TR S R R TR AMREFE S L
TuhnwZ EB%<L, 0L RERTEIEOMEL
BT 2 L fERTH D, BEE, B BIRTHO
PREE R E L QHURY 2 7200 id, BEfE & o il
o E DB EESISN TV A EREBET 2 L8
H2, FITEBRIOAEEEBLC, EREMEL
TN T B~ R EREY, B EEREEOR,
BB L E DD EYI0HIL, BEBK&en
block 2T 25 L) Hik%E Lof:, IOHEIC
ko TIER &8 NAEAT, < ETREOMIMES % #
BT 532 EnAMEOE-ORNTHS, BEOHN
R TROMMBEEOMRE TH 5. ErIME (U
THECM) WEHEICL - T, HBFcERsnT
VHEETEEALEN CSH S L » ) BRI ORE
FrloTETWwA, % I TAFETCE, BEEY
e oEREBEHE CREL, BEETEREFELLL
ZEEWRETEROTI ZWRET S,

WEE & UFE

4t 9B 5 168 E TD ddy B~ R £ H
e,

{KE 1g ¥ 0 05mg DRy ¥ = v BT LMEL
7o, HLTOCE 2 & T A0E & D KRBk
ANTGF7uYEAT—T L EBAL, ZNLEHELT
140cm A DEF CHRE1gH D Iml D 2.5%7 v
F—LTFALFEN (0.1M#» 2 — N8 — IR
pH74 20°C) %W L7z, #0%k, FEREVIFL, B
EBEEROTEEMEESEROHL, IhEFEEE
JETE 512 2 R en block B L7z, T, 1K
WO IMZFLYY T I CMEERMES MY YA
(pH7.4) 112V 4°CTERIEL 255 4 HERIX
U7z, WK, RIMEERLIER # SR8 & 12y » THIYD
L, SH%2%A AT L0 1My 29— LY —
siEtEE pH7.4  4°C) T2 MRIBBEIEZIT o7z, &K
W, ¥ — LRI THAKL Epon 812 a7z,
MBS 1vEL N1 72HAVIKB YV T
b —ATYEREL, BEBR Y 5 = — N - iHERSR £ /213 0.1%
VY S U TAF VBT VESYALADEER Y 7~ —
Nos SRR SEREE Tk, RS o= SRR
&P EHHEL .

AF=w 4Ly B (BAF RR LB8) #fe : EREE
#1213 1,000ppm RR £ &8 1.25% 78 — L7 L5
E R OIMAay—18Y—YEEHE pHid
20°C) &M GREEEZ A TR, DL M
B RR 77 —L7AFE FiR&EET4°C 2 BFHEE
L7, Zh%E1,000ppmRR AD 0.1 MA 2Y — L E
v — YEEEWE (pH7.4) T 5 EEHEUEER &K U 72, i)
#, 1.000ppmRR 2 &L 2%4 A 3 7 ARE0.1M#
aY— Vg — S RREE pHT4  4°C) T 5 K
BEE L7, LM Ri s FARCE L, EE YRR
T HER A TEIZ L 7.

185 4L BB Y RS R S AR B BB HU-500
(75 kV) TEZB L7 (EEEE 3,000~18,000).

B 1

1. W

TEME I A - PR E (R, JBH) & & D BUERS
SR TH B, FRHER ORISR T 5 EE
27—120nm (CE¥I63nm) Oa 75 L EETHSH (€
1). 274 4RHEO BN (S MEERME & B 13 nm D
“F o microfibril AV T 5. HERMEEL Y v =~
v TR R L IERGE D T 5 A F Y EHEIA L T
% microfibril £ H 25 (M2). s D&M
SR RRIBEOBIE 7 « 5 A > FRRITIC k-
THEH SN TLS (K 3), BEECH SR ES
AR T H 2 45, K&EMEL LIFLER DS

(1), S E il 22k & 28 13 W EED
H2LIEERBOMET, FPEIOHER/NME e T
SUEB T L TV A, B MR I BER D B
BoEsH D, Uil B EB R 20
7 4T A b HVEEE U RS BARE B IK S LT
2, FRHETEMIE LIE LIE 20 nm AR BT TAVE
BEREL, #4112 zonula adherens 12 & » THEL T
2. KA HRoMErsE L, FIBEE I A
V= b 2T G, BERRL V RAA, ) o R
WSR2 2 O MEHROMI L8 5 2 e hib b,

W BHIAE T H BIEEMINE TH S,

RO BNEICE, -~ O R Liid e 20 nm
B 0 SIS 4 I € C#ih o) arachnoid membrane
EOMIRIZ R L T, 2o R A IR
s N FEE LAY A 00 I T BRAE SRR L K ST
2. 2 OHANH AR Z O & arachnoid membrane
SLBOMITIR I (B S Z L <, £ zonula
adherens I & - THET 204 ThH S, Bl THELE
S X Rk R e o (B4, 5).

1. BREE

BRI T & i = OB AT L, BEISENC G ERD
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Fig.1. The dura mater.

fibers, in which
fibroblasts and a macrophage (arrow) are intervened. x12,000.

It is mainly composed of densely packed collagen

Fig.2. The elastic fiber in the dura mater. It Fig.3. The dura mater stained with ruthenium
appears as highly electron dense amorphous red. Ruthenium red-positive filaments and
material and peripheral microfibrils. Tannic particles are seen among cellagen fibers. Ruthe-
acid stain, X 40,000, nium red stain. X 37,500.
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Fig. 4. Overview of entire thickness of the leptomeninx. Am designates arachnoid membrane ; C,
cerebral cortex; D, dura mater; G, glial basement membrane; L, Leptomeninx. Beneath the
arachnoid membrane, arachnoid cells (asterisk) form a loose meshwork. X 7,500.




< v R R BB O RE A E 663

BT EMIZAD A TES T % Ml arachnoid Ml AR, FICES 3 2 (M 4), %o arachnoid
membrane LY 5, BHFRIEIZ1E —E O ML membrane MEMAD, < LM, B X UMK,
GET LN, BEBT AL CEEKEETH B, ZHENMBEOME LB L BB TR s h s
Arachnoid membrane ¥ LM L OEIZIZ < b B, HBEA/NEREORBIIEER ML,

Table 1. Comparison of ultrastructural features of the cells in the outer and inner
layers of the arachnoid membrane

Outer layer Inner layer
Nucleus large and spindle-shaped small and spindle-shaped, occasionally
irregular
Organella scant abundant
Mitochondrion a few, small and ovoid a lot, large and elongated
Golgi apparatus poorly-developed well-developed
Rough endoplasmic short long
reticulum
Pinocytotic vesicle a few a lot
Patchy basement absent present
membrane
Tight junction frequently seen, extensive occasionally seen, less extensive

w A

Fig.5. Interface between the dura mater and arachnoid membrane. The outermost surface of the
arachnoid membrane contacts with the fibroblast-like cell situating at the innermost portion of the
dura mater (D). The arachnoid membrane is divided into the inner layer (Ami) and outer layer
(Amo). x 12,000.
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Arachnoid membrane (Z#1fOEF & MAEE O MEEREARE O IE 4 ~20 nm T, arachnoid membrane
BV ACATBIREE (F5). W5l ABIED 2N TR 2 2 @A H 5, Tight
2O 4R O B E EOMEE ® 1 IR T, Arachn- junction & £ B MME#EEMILEE THL D (K6),
oid membrane ABTIREBORF AN —ED At 2 MERERERR D S RIZBAR L, & ZWCERYE L
MEE b - TEFIL, ZORBEBKICE MO Z L O, microfibril 23& 543, 37 5 VR A SR,

Fig.6. Tight junction between the cells in the outer layer of the arachnoid membrane. x 105,000.

Fig.7. Inner layer of the arachnoid membrane. The cells have complicatedly ramified cytoplasmic
processes which tangle together. Intercellular spaces contain collagen fibers (Co) and microfibrils
(mf) embedded in flocculent material. Patches of basement membrane are observed (arrows).

% 24,000.
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Arachnoid membrane /& T3 Mo EEIE L KD
L, MR AR T Bt 2R 2 20 nm DB TTH
MEio s s . AR THIRERIDSA & < 0 S RICHE
KL, ifffé?[‘k%’ﬁ, a5 5 AR, microfibril 23 < O
Hlacaons ({7), 277 HEEHTER27~60
nm (‘7 40 nm) T, ﬁ%)ﬁw) a7 AFHEL D bR,
Arachnoid membrane WEODHEMIZIZ tight junction
(19 8), gap junction, 7 A%V — LAHHEEEEN &
S ALA A, tight junction 13 4B OMIREIC Bb -~/ N #E B
TH A,
Arachnoid membrane O M IE, FVHIfEZE %
f’%'f -1z %ﬁfﬂif%b 03 S AEO < L ERIEH I ERT)
T, HilEZei MR IS EECF, BRI tight junction
, gap junction, FAEY — LEEREIC L > TE
, HREEE AT (M4, 9), < bEMEOIL
v i‘\:fﬁz‘ IR L S FEL, RNENEETHREV S
OHEID, FREBERICER 20 nm OMEE &
Fig. 8. Tight junction between the cytoplasmic Btina I e aTE 3, HEEORZICHEKD

processes of the inner layer of the arachnoid - .
membrane. X 105,000. BB E 2 fEoC w3, 2 0 #i#E I3 arachnoid

S

Fig.9. Arachnoid cells forming a loose meshwork. They extend cytoplasmic processes in several
directions and contact each other by their processes. Extracellular space is filled by flecculent
material with an intermixture of collagen fibers (arrows). x 12,000.
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membrane WIEDHIRL L, o 7 o= 75 >l
MNBEEORE - SHOETERN L, WEDOBIT
HTRZOBRL FRICRD 5 Z L AREREAH
2. < bR EEO LRI, FRYE,
a3 7 g, microfibril RIE & LD, B L 35
7o TEMERSAMNEL { Py, 377 VOER
13 arachnoid membrane NED 2 7 ¥ Vg L H U
<5 5. Microfibril IZE % 10 nm T, HHiE T2
Wt o THZ S (E10), Microfibril RIZIZ Y > =
VEBRATEET 2 EREMEOULBEIRD oL
v, TSN WEEED SRYEOBE L
JaERICEHEL T3, < bz TRESCKES R
% arachnoid trabecula IZF8& S 4170,

EREEEIC b < SIEMBEEA I & 5N BIEEEE
By oN s, LiZLiFZoMismiEimal,
EEOEEBIGEE (glial basement membrane)
PEBEEHL WA Z 03D 5, &5 ICBREHMIC L
> TIHFEFEMILC & 2 MOBEELLEEIC b > Ta
SRV LB 5, FEHMI IR HYIC RS
EEBCEETS, UL, MENEEFEL TLRWE
&z, TRWHE, 277 84, microfibril A3
T35 (H11).

i Y REMEs LI LIERD s s (B12).

ciE g 4

Fig. 10. Cytoplasmic processes of the arachnoid
cells and extracellular materials. The micro-
fibrils (mf) and collagen fibers are embedded in
the flocculent material. A patch of bas
ement membrane (bm) is observed. Tannic acid
stain. x 50,000.

e T

# r

Fig. 11.

Innermost portion of the leptomeninx and cerebral cortex.

Portion of the pial cell (P)

attaches to the glial basement membrane (G). A intercellular gap is observed (arrow). X 9,600.
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Fig. 12, A macrophage in the leptomeninx. x 9,000.

¥ o SR FE L

Fig.13. A capillary of the leptomeninx. It consists of non-fenestrated endothelial cells accompani-
ed by pericytes (Pe). x 9,000,
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F1g14% The arachnoid membrane stained with
ruthenium red. Ruthenium red is negative in the
intercellular gaps of the outer layer of the
arachnoid membrane (Amo). Collagen fibers
(Co) are surrounded by ruthenium red-positive
material. The basement membrane is positive-
ly stained with ruthenium red (asterisk). Am;
inner layer of the arachnoid membrane. Ruthe-
nium red stain. X 36,000.

St B R A R S
Fig.15. The broad intercellular space beneath the
arachnoid membrane stained with ruthenium red.
The intercellular space is filled with ruthenium
red-positive material, and collagen fibers (Co)
are also outlined by this material. The outer
surface of the arachnoid cells is ruthenium red-

positive. Ruthenium red stain. x 30,000.

Fig.16. Hig

v

h magnification of the intercellular
space beneath the arachnoid membrane stained
with ruthenium red. Ruthenium red-positive
materials consist of particles.of 40 nm or less in
diameter and fine flocculent material. Co;
collagen fibers. Ruthenium red stain. > 45,000,

Fig.17. Surface of the cerebral cortex stained
with ruthenium red. Glial basement membrane
(G) is ruthenium red-positive. Exteracellular
space of the leptomeninx seen at top is filled with
ruthenium red-positive material. Pial cells are
not intervened here. Ruthenium red stain. > 18,
000.
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PR @S T A2 MEILF 128 - BRTH 205, B
WMELROD I EMNTEL, HREDBMME 3R
OEMME £ 872D, tight junction THWLIZHEAET
L—BOWEMB»S & 2 EREEMAMETCHL, £
M X ER A BRI IS £ - T LB (K 13). &
Ml R EEREEEEZEL THWA20T, b
fEme - R e & KBITE 5, B - #RIE R
AN T 5 —BOFEHMEERHA TEY, ZONE
%4 L MRS R A IR IEE S ICHE L T 3

Arachnoid membrane 7}8 % F& &, #E 0 [% b*‘f‘&ﬂﬁ@
Mk RR BB T2 Tw5 (K 14, 15). RR
Bt L K I R B E 2 & D, IR Wﬁ[ﬁi
EHET AN H B (B 15). FEEIX RR BiE
U T, 40nm BAF @D RR BERF2 at random (28
FELTWA, 327 R RRBEMEICOD &
M, 70377 VR L RR BRI T80 51
% (B 16), Microfibril i RR B4 T4 4. Arachnoid
membrane M EMAE - < & BN %ﬂ%‘ﬁﬂﬂ@@fﬂﬁ@
HIRBRRE S, &M R EE S, i -
1B AR O BEECREAR 1B <0, HiR AR ‘fﬂﬁ*ﬂﬁfgﬁ%\ 5, MRT
RR EHMETH 2 (14, 17).

£ =

MO MRS B L i, RRfgeEERIE N ET
DEHHOORND L F G- T H o Fz. Weed® D B
DYz — IR RN T4 A BRI FRE LA T 2 ff &
COME L OBERENC TSR (N T oD fat S 2
DR #ifE & arachnoid membrane #FEHII & 3
FHLTENL T o, WFE TR CERS &5 5k
A7 MR L 2 2 o 7oL ARTITSE T A S AL 72 TR Y
[0 22 M2 B dural border layer®'® & -1

SNTHD, EPTEYYAL)LEENTHS, =
DX AR e LS ORI T T o WY

FIDND T L T b & Atuamwwwiwfm
(YA N Mrﬂ*&zt TS OT, WA A R D 3% W
Qﬁ"%KwM/ he o TS LRI £ <
L Ofhiz J';‘ R i1l NS INORY 1 R N A et
AL L d AN, I FEGA TEY TS

AL gL Commn - ARFERG YL B 0 b i
EIEL Tob, 2O N LIS A 2 W N

dural border layer & arachnoid membrane & iz
BT LAY L, dural border layer INIZA T A 5
LSRN P R S LT 0 2
& arachnoid membrane U)%iﬂﬂtﬁs 124, dural border
lwwmeWMWue,%ﬁ%%ﬁZLmﬁuﬁw
TIGAL Twd, L7eaio T, BATERGERZ - B
WO J02 & = T 2 a0 ORI A BLH B L <

. Dural border layer

B RSB sn2b0rELSNS, BEHENS
IEHEEE T ME DR TH %, Friede 52012, 18
PEREE T I8 13 dural border layer O#IFARICE 2 2
JHWAETH D, B L arachnoid membrane ORI
IHDTRRVEBRTVS, Licai>T, 18MERERE
F MM T BICEIR A T & » THERE L 3 Wil
BB MM IFE T 200 THREVWEEL AN B,
Dural border layer Wi I 4 2 4851, dural
border layer DWGERHEZTIZ LB b DTIRE L, H
MR & 7% 5 MESEREOMETH 5 2 LMz s
NERELTMb->T038DLBbi 3,

ARFFETIE, BIEOMMMEICBE L TRO X 5 2t
KOWE LB o FRRMZ 51T,

1) Arachnoid trabecula I3 TF{E 3, R#EHC X4
KBTI % < b EMIa % oMl E e
STV Eur-oiz, HIEMWEIZEC RR B
TEOMMEERYE L FTh 24, ZodzizdH
0357 R & microfibril A% at random 284
FEL Tz,

2) Tight junction i% arachnoid membrane #+/&
O #7 5 F, arachnoid membrane N, XU, <
b M <> ZIEHIRDAE I & [FE S i,

3) B MBS IR s R
ARSWAR

BEHAERZ 2 30 CTh, LB TRED TR & EMm
T D MR T INER U 2 72 Rk 2 i e e
ThrrOIMENINETIZVL D2k EhTu
A, AndresV® (%, 1 R &4 2 ONEEETEE 2L,
TE OO B SV v R A s b B T L RBERS S R
DINZAHEL Tvd Lk Tuv 3, Anderson®id, b
ML O R REN 2 S, RS E R T oM
Ho 0k — ~J4 8 00 SR AE ST L L - BRI T b 2

Lt L, arachnoid membrane %> arachnoid trabe-
cula CANRIZTEET 2 255 DA < L ETRE
BT 2 283 ha0EeBE L THh, b bIHEE KR
ZBI%2 L 72 Rascol ©* & Anderson® & (X 1 W4k 0>
%L Tvr 3, Nabeshima o™, w7 A, v |,
FL AT, WA, R, H-uxu)"bhlﬁ% W, b
FIPEAT < BN ZERRLOD RS O LA T BT 22 Bl 0 o ﬂlJHfﬂL:

Lo Torubi s v 7 BB RER O rfm%% hlkE
Ya =R L TWA, Lo, ‘)‘J'C‘li, CHBET
I & o fﬁnbﬁu FHASH B2 & o MUz il s 3 L &
MELALE L) HENDH A, Pease ©V5° Frede-
rickson S'MEZ v @, 7z, Nelson &'"FI /AR

—0)%}1“ EWEL, 377 iR < L ETRRCH

HELTIZEE L TO A AL & 912, Lopes & 125
bchaahenmayr S b N OBE T B ETHI 2

1 %
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SEVRENEET AL ERD TS, Z0XIK

CHBETHOMMEES L CTHRRNEZ>TV20
W, chECEBEsNLEMESERT S cBWEICE
W 20TiAEL, Kot & 5 ICREO MY
B YOBRERGELALZO» L, BE LML DM
DATHIMBAOEE & v 5 BRAEATER_E ORI L
B LAAHESESEVERBbN S, SH, v v AR
B % in situ CEIELBEME E bIc@ETE L
Wk oT, BEBRIZE BRI EIIZ DM
BRROWH S MM EORE 2 80 THEL
TADE, o bEMRMICESEORRYWEL &
b2 3 5 AGHES microfibril 2384 L, arachnoid
trabecula &I/FIFN 3 R EFEE T shxr o7z,
Liztso T, < bIEMHEESRVH02 < SETEI
Y L, BB o & I 35 1 B FEBVRIR]RR,
BMERS ERE»L SR 2MEN Vv 7 ADF %
BoTHNTBHDEEZONE, TOEZHIXHE
ERFCLEREhb L IXEDbNE, T4bb, I
RIS 1AM & 1 0 BRI Sl e o FE L, 20
IS SRR I ISR S TR AVA A CRERR & BRI LY 53
b+ 20THBD, AWED L5 ICHRMIED & <
RESNERRBRET A5G, BPEEHbLT
BHETRCRAHEBRENE EN T S 2 L ZHAK
WZRTZENTELERBbRS.

RR #3#83%E L %& » - 7z arachnoid membrane 4} /&
BEE, REOWANCS S 2 ERYE I KES
RRBMETH -7, RR BEME I BHEESRYE L
RF e pEBAl & N, MERE I RR BEHHERE
RYEEEL, 177 4 RRBERE CEE
nTwie, RRIZEMELDSE (FY a3 /2709
V), UV VIBE, BEQWEMEES2 LTV 5 Z LA
SN TV 525 EHRICE ) Y IRECHEEE»E
EFNTWB3DOTY, MAFERYEINEEEEERD
LTw3 EBbhds, Ry, MigREr2ss >
PR 2B E v RR BRI LU & IR T
EESNLERECATHL LEWETE AL L L
Mgy, BEHERRENC X - THS L IEFE MBS I
i, PETRSH B, Va7 hrrniRits
NTWAE, iz, Boll, EHBIcEEN 2 E 50
BMUTHA7 47057 F220, NEEHRTCLE
FNTOBIEBHLLIE R 21200 TH L, — i
W, MBEOODWRZY a2 20 b il T
Ra7ERLREREEZL 70747 A e LT
L, BENC7o7 470 I3 RREEOERE
20~50 nm DRLFTH %, Lchso> T, = 7 A lkE
wasn: RRGERTFO—EIE, o742 hy
ERbLLTWAEEbNG, 74 7ud7F2id, #l

faRECEEEY 277 CREOBIZEEL, Mgy
#EEH 2 VI LSt b ) v 7 R L DEE I
MoTWwAHDEEZ STV, EFHNIZILER
EH B O HMHEHERE L LT o33, Li
Mo T, KFFETHS WHERERECL2 S5 &
HFEFEO RR UM EERYEZ 7+ 7utr 5
FEHEATHATREMES RS 5, RR BEBORKBR,

 LIE TR — MO REEHMIC A 5 h 5 HHER S - 5
Hrokdfilaster Yy 7 ANFENTVRE L
, SHLCEIF TR LICELRS, ZLT, 2
D& AN MEOIERY S, B EEECE
DEERAHESICEMUL TV b bR b,

BB B SRS L T3 2T 3, ¢
b AR & i 5 RS RERSS, O U TREER
FHCEGCRAET 2 Eh500m v Bilng
4" %, Nabeshima 5813, & iff %2 ® arachnoid
membrane #FEBIZH YT 5 LB D tight junction T
EL-EBT LME, FEANAORERERIRL D
barrier &% > TWw 3 & 2, ZOMBEICHEENLE
k% & -4 72 “arachnoid barrier layer” £\ x5 & %D
{FTv»3, Tight junction X3 FED A E 2B DM
fafiodE s 7oy 7 L, M@ 2 WEILEE
MET > EELBEEEE EE 2 51T 5% Horse-
radish peroxidase %W hb W % < & FETFHEIZEAL
72 % B& T |13 horseradish peroxidase #% arachnoid
barrier layer @ tight junction iZ &> T 7w v 7 &h
BEAGEALRZOL I EDNH STV B339, K%k
T % RR »%arachnoid membrane 4} @HifEE ~ 2 A
Lotz Z i, ZOMEES I L D NEIOK
JEE & M DB & D IO W E LA D barrier 1274 - T
LB ZEEBBIMICERFL TS EBbh b, Ko
barrier 122\ Tid, FELAIILRE3 B T gap »%
WD T, EFEIXZFOEE i34 0 27, Ramsey®™ il
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Abstract

An electron microscopic study was performed to clarify the ultrastructure of the subarachnoid
and subdural spaces in the mouse cranial meninges, with special reference to the components of
the extracellular matrix. Ruthenium red stain was employed to reveal the structural components
of the ground substance and tannic acid stain was done to identify elastic fibers. The dura
mater was composed of fibrous connective tissue mainly consisting of densely packed collagen
fibers, in which blood vessels, nerves and fibroblasts were intervened, and elastic fibers and
bundles of microfibrils were scattered. Ruthenium red-positive filamentous material and par-
ticles were observed among these fibrous components, In the innermost portion of the dura
mater, the flat cells similar to the dural fibroblasts were in direct contact with the cells belonging
to the arachnoid membrane. A specialized extracellular space called the subdural space was not
recognized. The arachnoid membrane was divided into outer and inner layers. The outer layer
was composed of stratified flat cells with numerous tight junctions. The cells in the inner layer
had complicatedly ramified cytoplasmic processes, some of which embraced connective
tissue matrix components, such as collagen fibers and microfibrils. Between the arachnoid
membrane and the brain parenchyma, there were a loose meshwork of arachnoid cells and a
single, discontinuous layer of pial cells. both of which were embedded in a large amount of
extracellular materials, No arachnoid trabeculae were observed. The extracellular materials
consisted of ruthenium red-positive fine flocculent material and particles with intermixture of a
small number of collagen fibers and microfibrils, Elastic fibers were not identified. These obser-
vations on the leptomeninx indicate that the subarachnoid space is not the canal lined with the
leptomeningeal cells but the broad intercellular spaces of the arachnoid cells in which the con-
nective tissue matrix components including the collagen fibers are present, also implying that the

cerebrospinal fluid circulates through the broad extracellular matrix space.



