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Abstract

Cranial meninges of humans were studied by electron microscopy after fixation in situ and
histochemical demonstration of nicotinamide-adenine dinucleotide diaphorase within mitochon-
dria.

There was an intimate fusion between the innermost portion of the dura mater (dural border
cells) and the outermost portion of the arachnoid (arachnoid barrier layer). Cranial meninges did
not contain a true subdural space, when specimens were well prepared with spatial relationships
preserved. If cleavage had occurred during preparation, the subdural space was artificially formed
by the separation of dural border cells, because the latter showed a paucity of intercellular contacts
and weak collagenous reinforcements.

The arachnoid barrier layer was a squamous layer of elongated cells with numerous
tonofilaments, desmosomes and tight junctions. There was a lining of junctional devices between
the innermost two cell layers. There was a number of extracellular lacunae, being separated by inter-
digitations and containing collagen fibrils, elastins, granular material and matrix vesicles with or
without psammoma bodies. The mitochondrial enzymes of this layer showed negative activity in
intact specimens, but a positive one in cleaved dural border cells and arachnoid trabecular cells. An
incomplete basement membrane covered the innermost aspect of this layer.

The arachnoid trabecular cells generally had electron-lucent cytoplasm with a few tonofilaments.
The cells beneath the arachnoid barrier layer had oval nuclei and wide cytoplasm containing
numerous mitochondria. This layer was anchored by flattened or button-shaped pedicles, otherwise
these cells formed an epithelial cluster. The cells lying within the subarachnoid space had elongated
nuclei and cytoplasmic projections. The arachnoid trabeculae consisted of both a network of
arachnoid trabecular cells and interwoven collagen fibrils. Alternating with these cells were
numerous resting macrophages.
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PHBCEBRT B2 NABEIZLRE -2 BATH 3.
LaL, FiixARNA, mOOEEHENRRETSH S
EREBTLL, ARNTIROV BB TEITE S 2
TWBONEWIGERIBRE S, —7, 7 B P
Wairz, 7 BT HimofERs, BEOKMER Xt

SBHDANR—RAThH DI LITEEHN L,

MR L 7 el TR A B TR X bH TEER
A= Th3B. LL, £ FEpgs LTHECRES
NET 7 TEOHEC OV THANLEHELE b T
WAL 4 1T, A E I B W T Schachenmayr & 13 )
in situ OREEHIC L R L2 b BB o8EEE o
T, BETHELZ TR, BXUMEERTL 7 Tk
i oWTHEBEN L RBET -0 THRET D

I #HRELVHE

PR F o 7 v KREMRIR B RE IS VT, kS
I LA AR 3 e 3 T TR PR B o0 Ao WA & 3 5
E U7z, WERE, 53¥ (&), s4 b Bik(ERBRE),
TTYBEGLCTE), T7Y it (EE), BLUssT ot
HIEE) 0 5 EFTH 5.

5 A7 lamina cribrosa Z BB L THEENEIES 7
ERTHLAEN Lz, MBHROFELHELZETHT
HHC3.5% DI Z—ATALTE FEH20mIZEAL T,
0 LIcob, ERRBEIRAZIZSATES 6cm
Wit 8cm HX X SICHET L HIES X Uiz RS &
ANnfe. O EESEHL2>2E Y OBEL vERY D
KLTEELZOL, @EL 7 TE LA LHEE
WERMERRME VW@ L, EARRR25% 7 VY —
AT ATFE Iz AR, oty MZTrZEBELNORE
THICHEL OB EMY S Ui, BEEE S EEOR EZH
FEEONMNCE L RO EA O —H1 & L7 R ERIC
L, iz, BOOEERE S AE-LTAFTE FTXH
1 IR L, BRI E L.

MR E  Nachlas 59D HFEEHRLE L, mito-
chondria WIZ & % U % nicotinamide-adenine dinucleotide
(NAD) diaphorase # MU {LEMICAE L 72, BERIL,
nitro-blue-tetrazolium (Nitro-BT) 30mg & Z T NAD
(NADH) 12mg # Gomori b U X - 3EEEEE W (pH 7.4)
30m/ FIZEHLIFR L. EROBEEAZ - 0REBER
o1 T37°C, 2 Kif# incubate L7z, #TH, HEATHKEL
30-60-90-60-30% D7 & kb L RIITHEE L2, —8iziL,
counter stain & L T FElastica-van Gieson 6 #JE L /=, In-
cubation Hir Y275 Ltk v, BEENBEL 22
FARA A 7 mitochondria @ A A5 diformazan D EFEBFE L L
THE S 7z,

EFERE: FROHEER IV KEXN1~2mm D
MUBAZTIVEL, 1%4F 237 LT 1 BHEBEESZL
o, BBYBRAKLAEETYS— &1 MZEHEL LKB 7
AMEFir e b-ATEHYE BEEY oA L0 2 B
PR fTot. BTUEME T Zeiss 95-2 B 2 {FH L 1=,

HEROMRIC T+ 2 BERTEEEL AL D 2, Kk
X TiE Nabeshima 590 EE K — L1z, 5B kb oH
BlzowTiE, BEL2@BIT 520 BEBICERL THY
7o,
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1. BEERTR

EEMRE : WIEiT % H D collagen fibril & A # o
elastin 7> SR D, Z ORIBIZ TS O fibrocyte 53585 L
T, BEOET Tit fibrocyte i 21 7= HIF (LT dural
border cell & ¥ ) MR E O Kb 5 HIC 2 ~HBRLFI L,
dural border layer #4E L T\ 7z, dural border cell {3 &%
HO THREVERT, BT O & O sk oMk s
BTz, fefkici3 £#8 )= & 3 tonofilament &
BE#R D rough ER 232 54, mitochondria 23AE L TV
7=. dural border cell X 4%%? desmosome THE Iz BES L
TEY, REGRHEREBRICETHSE L DO col-
lagen fibril 3% 64177,

BAROEE L MTTANR 2 SEE & 7 T L Ofiffl
EHBEMR AR L 2B G (Fig. 1), WEIECEL T
D, WbhwHEETRICHLET 2 AX-R3A LR,
7o. L L, EXOMUBRIc LR 7 B EHB AR
M B L 2B A (Fig. 2)iid, BETHREASCHAES
e, $7bb, WL 7 2L ORI, BHEMCE-
o {EHEGE TRICE MR 2T 2 ARIIR R - XK
EhTwic, Zofhy, ERy 7 TR OIS O M
W 085 U Tt e < dural border layer N THE U B2 & 43
%2 1-(Fig. 2). dural border cell T ABMITHIRH L TH
Y, F O —iL arachnoid barrier layer D RE I35 L
{BIMLTWe 2k, BiEL 7 TELIAEEL TV 5
£ 1%, basement membrane 73 ¥ OB B2 BT A0 5,
A RSNt 52 LI RENES Th -7 (Fig. 1), T4
P, dural border layer & tk_B L 7 D BT
arachnoid barrier layer & 7)) KX desmosome 7 ¥ O
BREES LS {, ERBBICIRSED lacuna B4 LI,
dural border cell & arachnoid barrier layer & @faliCiT T
{Z desmosome 3% & e i, —RRIC ARG IZIFF
L1 & H o collagen fibril & F e EEHHWE I H - 7.

2. Arachnoid barrier layer
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Fig. 1 Typical organization of the dura-arachnoid interface. upper: There is an intimate fusion between the innermost portion of the dura
mater (dural border cells: DR) and the outermost portion of the arachnoid (arachnoid barrier layer: AB). X12,250, Bar=1
um. lower: No subdural space exists anywhere between the dura and arachnoid. Instead, there are two tightly apposed cell layers;

DB and AB. X12,250, Bar=1 pm.

FTHHEIES L T BT, BERPEBL 2 A0
®IZ dural border cell @ mitochondrial assay & =& -
oo Lal, BEEY 7 Bl L HHIEEL 2250 CIRRBERDY
MR TR~ A VAL HIZ, dural border cell (XHFE LB
& arachnoid barrier layer BB & @ 230 & & BB 2R
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L7=(Fig. 8A), ~7, 7 TN CHBERIIELI
BET 5%, 7 TE#K(LLT arachnoid trabecular cell
L #3) it arachnoid barrier layer ®IXEIC &+ 5 4 0
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Fig. 2 Formation of the subdural space {SDS), early stage. upper: Splitting occurred during preparation of the tissue, creating the sub-
dural space. There are cleaved dural border cells (db) at the surface of the arachnoid barrier layer (AB). DM indicates dura
mater. X 5,700, Bar=1 pm. lower: SDS formed by splitting within dural border cells (DB), rather than between the latter and

AB. X5,700, Bar=1 pum.

DREVERTH -T2 LT, ZOFRIWETES SV
7 TEFMEOWFRL S B ERE S arachnoid barrier
layer I~2FE L 202 LR L

E PRI  arachnoid barrier layer 2 2 ~1088 O & F
FET, EXiZ1pmX 050 pm F{ & TLEKIThizo

7-. arachnoid barrier cell D BB A ¥ P £ 7o i3 H5 8
FeUAADE L, 7 rF AR EIcEV» T i
BETh-. Kk tonofilament DERMSHEY, FF
¥ @ mitochondria ¥ - Twv /=, F 7z, polysome %
rough ER, Golgi 2B 4 ¥ L Bii- 7z, MBS
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Fig. 3 Border between the innermost portion of the arachnoid
barrier layer ( AB) and the subarachnoid space {8AS).
An arachnoid trabecular cell {AT) with a number of
mitochondria is buttoned to an innermost cell of the
arachnoid barrier layer. There are numerous junctional
devices consisting of desmosomes and intermediate junc-
tions between the innermost two cell layers. X 9,600,
Bar=1 pm.
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desmosome AFEFIFNZ % v 245, tight junction §, £ 0 5
-, EB® 2 5™ arachnoid barrier cell D] Tix, = &
{Z desmosome <2 intermediate junction 23FEE L TE D,
AEoRBERS 1 FlicEL 282X L LIFEES L
(Fig. 3). —7, interdigitation (T F:E L TV 5 pAiHERIHE
R Labhvwifis b s ohic(Fig 4). MiEkciz%
D lacuna BRI N TRY, ZHLREETH I D
(Fig. 1), ¥ 7213 collagen fibril % ) ¥ elastin, granular
material, 33 X (X matrix vesicle 72 ¥ % 5 A Tz (Fig. 4,
5). Lacuna ® K ¥ 74 OO 7 1T psammoma body @
W % & 72 (Fig. 6). & o & 3 EE @ arachnoid barrier
cell © 7 T FEEIC T 5 #4512 1) pinocytotic vesicle 234
¢, arachnoid trabecular cell 73 #? desmosome TH¥EH
LT/ (Fig. 3). —H, arachnoid trabecular cell 2333
L7 Wi 9 TiX, arachnoid barrier layer O i [ i3 base-
ment membrane T#hit, FD TZiZPED elastin & %
D collagen fibril BFIZ 4 LTV 7={Fig. 3, 5).
3. Arachnoid trabecular cell

B9 FE : arachnoid trabecular cell ¢ mitochon-
drial assay (ZEICEEE TH -2, #2H T4, arachnoid bar-
rier layer OB T2 & 5 MRV Btk #775 L 72 (Fig.
7).

Fig. 4 Intermediate zonec of the arachnoid barrier layer. There are numerous extracellular lacunae (L) of irregular size, which contain a

small number of collagen fibrils. The interdigitating processes of the arachnoid barrier cells {AB) are connected to each other by a

few junctions in this portion. X 7,600, Bar=1 pum.
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Fig. 5 Arachnoid barrier layer (AB) and the underlying sub-
arachnoid space (SAS). The electron-dense cytoplasm
of the arachnoid barrier cells contains numerous tono-
filaments. There are many irregularly enlarged extra-
cellular lacunae (L), which contain collagen fibrils,
elastin, granular material and matrix vesicles. The
latter represent centers of calcification in the early
psammoma body formation. X 4,320, Bar=1 pum.

BMIAYBFEK © arachnoid trabecular cell {2 tonofila-
ment A3 72 72 12, arachnoid barrier cell X 9 4 B8
RELABICHENL 27, £, BEVIAR DY <,
BONFEDI I b FhRICE 7 v F o ONEE A ER
S A DY TH - 72, arachnoid trabecular cell {Z,
arachnoid barrier layer IH F D & @ & 7 TR TEOREFIC
HoHrLolTRHBRBARERERLEZ. bbb,

Fig. 6 Arachnoid barrier layer (AB) including a2 marure psam-

moma body (P). The largest lacuna contains a psam-
moma body of extremely electron-dense material
measuring 13 pm in diameter, which is surrounded by
dense masses of collagen fibrils, elastins and matrix
vesicles. X 4,275, Bar=1 pum.

arachnoid barrier layer @ [ T {2 & % arachnoid trabecular
cell HBNAF oK ERSL, BERRXIEL 2L TEHD
mitochondria 3% B 7z, ZH & OMKLE, BT arach-
noid barrier layer IZH#EE L TV 2B 5L, EHOoMKESE
KT BT L arachnoid barrier layer & [ #EIZ B WG &
LTWaSHELsib-r. fMilRoBs svizBEicies
34 @ collagen fibril 2348 L, #F % AYIC arachnoid barrier
layer X 0 $BVBER L T\ (Fig. 8B). —J, 7 &
Frn#EBIZ & 5 arachnoid trabecular cell [T, #2584k
b L @0 b 05% ( RRIKICIEPED mitochon-
dria 7374 6477, arachnoid trabecular cell 55 o fifa fEi&S
&1X, FiZ desmosome T - 72(Fig. 9). FREKT 2D
OMBZERIZIZE T T, 3D collagen fibril & L E D
elastin Z35E7E L arachnoid trabecula 25K L T v 72, arach-
noid trabecular cell O BB O 7 € B T B2 1% lysosome &
vacuole IZE #¢ macrophage BE A Lo p, TG
—fi%ic pseudopod A3 7z { W& £ L T 7z (Fig. 10).
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Fig. 8

Histochemical demonstration of nicotinamide-adenine
dinucleotide {NAD) diaphorase within mitochondria.
All of the arachnoid trabecular cells showed a positive en-
zymal reaction (blue), especially in the perinucicar
cytoplasm. The cells beneath the arachnoid barrier layer

stain darker. X 210.

Histochemical demonstration of NAD diaphorase within
mitochondria and counter Elastica-van Gieson stain.
A: Gleaved dural border cells showed a positive enzymal
reaction {blue), whereas none of the arachnoid barrier
cells did. X 210. B: All of the arachnoid trabecular
cells showed a positive enzymal reaction (blue ), whereas

210,

none of the arachnoid barrier cells did.
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Fig. 9 Arachnoid trabecular cells (AT)
arachnoid barrier layer. The cells just beneath the

underlying the

arachnoid barricr layer have aval, vesicular nuclei and
wide cytoplasm containing numerous mitochondria.
They are surrounded by numerous collagen fibrils in
the subarachnoid space {SAS). X 4,800, Bar=1 ym.
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|, BETROMKEF

19245, Penfield® i3 X o S IMI R A 2 B L,
BEE 7 ETELOBICREAERREELE X 550.5~ 1
mm OFEWETHERL S EHE L. 2Lk, £ENCE
WTHBER L Y TR ORICS RO ESLEAOR
N—ARDBLEVIEBLHBEFLTWS., Lrl, £k
EMolEFEETRELLHEEO % L, NS
T OERE T RO TR SR &35 17 g /2580800 ey
%5, Pease 5% 5 L 1 Waggener &' (%, B L 7 =L
OENCHBETEECRRDE LS LEI DL FH200A
BEEOMBMEBIAS 2+ E42wE L., %7z,
Nabeshima &% 3 X (% Rascol &0, FHE & 7 &8 & (3
e L7z B E AL, MEOHICIZA -2 FE o7 <
A bhievyk Uic. JT%4, Schachenmayr &% %, t Ml
BN T in sitn DBEEERIC L VEFERE 7 T L &1k
KLAEERETHEL. BEoizthil,
layer & arachnoid barrier layer & iIBEE L TR Y, THED
FHZIE A N — 2 3 FEEE T, BEO collagen fibril X {1y
86 234272 v dural border layer 73 A T % L < 25567
ICHN TSN A R— R0 ZHEE NEch 3.
SEOBFE» L LERANE R TIIER TREETE LA

dural border
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Fig. 10 Arachnoid trabecular cells (AT) lying within the

subarachnoid space. These cells have clongated nuclei
and long cytoplasmic projections. The arachnoid
trabeculae consist of a network of arachnoid trabecular
cells, which is reinforced by halos of collagen fibrils.
Numerous resting macrophages (M) are observed

within the arachnoid trabeculae. 4,180, Bar=1

Am.

WZERWELATHY, BIERE s BE LA BONCHIEEL
EEGCORZTOGMERER LA, HEETECLS
L, B L 7 EET collagen fibril 3% H ¥ CT% < BRLE A
BEETT. Liti-T, BRSs A SRS THB
BEFSEREFELEC. HEODTHENESI L TR
3, B sBoBTHchL . oA,

arachnoid barrier layer {3 #HfR 23 Rz EICEC T L, sRaRE
A %O desmosome = tight junction TR & 57
HEML I THZ,.  -F, dural border layer 13§l k2
BEW Bz BB O collagen fibril 234072 <, MBEREE &

LD desmosome I T tight junction {2742V, Licdio
T, BEL7 THEOPTHL- L bIRHEABEL TR T O
dural border layer Th Y, Z O HIcERE L 7 T LD
HB 1L dural border layer W CAET B LD L HETI NI,

Waggener &35 X (8 Nabeshima 553, ER#WICE
W, BB TR MRS 2 E b T dural
border layer & arachnoid barrier layer & @ 325 | T &
{, dural border layer W TOHB I L V& FBH L L2 &
FeonWToH2ORBEHELRAETH Y, B8Z 5L
dural border layer ¥ arachnoid barrier layer & o> % fift T f
BRIV ¥, KM O dural border cell i arachnoid barrier
layer IZfY & LI REETHIBE L F 54D L HEX .
BERE TR IR & 7 B0 HO A H T/ < dural border
layer A THBERLE U THRENDS E VI T LE, Z0R
N R PRI T TR CEERI TE b0 THh B D
EERT. LichioT, BETHRE =W Tholich-
THENEE FLOBER 2+ ®1x, dural border layer T
tX 72 < arachnoid barrier layer & V5 Z Lz %,
2. Arachnoid barrier layer (D% 3|

BECBET 5L, HEBEFROMIICIE%E 9 mitochon-
dria 34 5417z, ¢ )2 T arachnoid barrier layer B @
arachnoid trabecular cell {2 2% =, -5\ arachnoid bar-
X By T NEER @ arachnoid
trabecular cell £ dural border cell |2 3, 4 # ) mitochondria
DAh 6. Fik 3T - 72 8EH O mitochondrial assay ¥,
RI#EAIC TiX d % S arachnoid barrier layer ¢ % &l & L <
L7, T4 bbb, mitochondria X3 T @ arachnoid
trabecular cell APMHR L 7 B L O HIBE 254 U225
dural border cell PN TiIBFFE LM #7743, arachnoid bar-
rier layer W Cid & > 7o { (ERTEME 2R S v o, 2D
HI T, BEE D arachnoid barrier layer NIZid £ - 72 <
B, A &b IEE %K R TiX arachnoid barrier
layer (AT D12 % L T5EEEYR barrier £ 2> T WA Z & &
% U7z, Lopes 5313, arachnoid barrier layer % 41 L4
FHELEBE TR~ LREY 3 slhv e L, B
2 “2¢ arachnoid barrier cell O] CHIBEES N Z Lic X
CRELTVWLOR, MEEROMRBEH b Th s
9. BEOHLBEELHRT L, BRIy v v aE
ERE>TWTH 7 ERTHEIEAWTSH S, Lii-
T, HENME oK% A arachnoid barrier layer &
MLTIERETECRATS I DI ZAWEERDbR
L. Z? X 9iZ, arachnoid barrier layer > 5 15 (3 blood-
CSF barrier @) % 2 B+ ™%, desmosome < tight junc-
tion Az ¥ OFIRIME S NEE Th % L FB}Z, interdigita-
tion BPEEL TWAHDLHEESh S, Ll, 208K

rier cell }Z % <,
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DT SGH tracer g K EFAWT I HIZFH L (RET S L
EXbsS.

Rascol %' %, arachnoid barrier layer i3 2 ~8 B 5
K2>EBERELE T, desmosome % tonofilament ¢ & |-
BB 2B+ 525, lacuna (i3 B S EBERME T 2w
L7z, -7, Y3H"YiX, arachnoid barrier layer @l
Izl E AL o#RIC L ) RS RS lacuna ASELE
U, ZOFZ ML= S8 - Bii 5 granular material
%> collagen fibril i ¥ 3% b B & Uiz, ropFETh
lacuna IZiIX E > 72 BFE /e L D HdH H—7, collagen fibril
)& elastin granular material 3 X X matrix vesicle 7z
EErEtbob EHA BN, ZH5id psammoma body
ROFIBRE LT Lo LSk, HE, SHRRERR
TR & 72 lacuna D ANZ %D collagen fibril % elastin
P £ /- psammoma body DTER AL B bhz, 56
{T, arachnoid barrier layer Mt psammoma body [L#HZ
%, tonofilament %> desmosome, interdigitation 7¢ & O Hglk fE
ODEAEETREDEN T 20388 THh - -,

3. Arachnoid trabecular cell Q5% E|

arachnoid trabecular cell % 2 TR TREIZ 7 EOHE M IZH
FIL, 7 TROZFHERBL 2> Tz LEdMesrTh
5. Anderson? (I HFEE 2 KFE L, arachnoid trabecula
X collagen & microfibril 7» 5 % core # 1~2 B D
arachnoid trabecular cell 28& H % { LhAMEERTE L
7=. ¥ 72 Rhodin!? {%, arachnoid trabecular cell ¢ A f]
ki fibroblast T 2 & L2, SMoE T, 7 €E
TR X Z D collagen fibril 23H& 5 fu72 75, BLAIAY /2
fibroblast [ ¥ & T % - 7z. Mclone H* I, collagen %
microfibril % #2112 H 3 % arachnoid trabecular cell {1
rough ER % polysome [ & f¢ & L. M E XY,
arachnoid trabecular cell {7 € T2 4 5 % collagen
fibril ®EAICBIG L T 3 FREEREV.

Shabo 519 &, A X @7 € FHEIC horseradish peroxi-
dase #{E A+ 3% L, #®—FBiL arachnoid trabecular cell
KIRDAFENRDZ LD, ZhoDMBICRARERD D
EHEELT. B OBRBEAFIMBENEB QLR WEHTH
Blcdh, TOMAEMET L LI TE b2,
arachnoid trabecula @ &7 1% lysosome & wvacuole iT =i
resting macrophage BEHEZhE, BELL, zhb
OMIRIT 7 R T Hi-etEE ke Y OB, RppUHICEH
BR@EERTOTHS .

arachnoid trabecular cell % %, arachnoid barrier layer
DETILH 3 DIFEARNKE { mitochondria 2VEE T
3 #=. arachnoid trabecular cell ® H£{LZEA 2 ICD W
TOWRZL RV, BF 5L ZoRBERE DD THE
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T/ TETEOEFEREMERT s LiclIS LT 30T
b5,

vV #& £

1. Schachenmayr H527R LI 2L <, B FOEEKAT
B R IC Y 5 2~ — 2w, B PR AR
HEVEHRMCTHREN B A2 TH %,

2. arachnoid barrier layer {ZHEJE T e ( IEFEIZ (IBEIR) &
s TR TE: L OB barrier 2. EH OJLEE I,
arachnoid barrier layer %/ L Cilj& @ H CHEHE M
W72 & DT S hTw BRlRE IR A2,

3. arachnoid barrier layer P§1Z1%, =4 O H 5 col-
lagen fibril % elastin, granular material 33 X {X matrix vesi-
e ¥R LDE T LE#A lacuna B3 0, TD—
i3 A0 psammoma body 2T 5.

4. arachnoid barrier layer [ T @ arachnoid trabecular
cell %, KRS A & < mitochondria iIZETr 2 & X b e
NBRENEHEZNR S,

5. arachnoid trabecular cell iX, %#( collagen & %
? elastin & & % IZ arachnoid trabecula # K L, % @
BRIZ 1X B3O resting macrophage 2374 S5,
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