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Peroxidase Diffusion in the Optic Disc Following
Acute Elevation of Intraocular Pressure
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Abstract

Within the limits of the physiological state, cell volume is seriously affected by the osmotic
pressure both of extracellular and intracellular fluid environment. One million axons pass through
pores in the scleral lamina cribrosa. On the assumption that the individual axons of the optic disc are
swollen by changes in the extracellular or intracellular fluid environment, these axons may be
damaged at the site of the scleral pores. Using an intravenous injection of horseradish peroxidase
(HRP) as a tracer for electron microscopy with perfusion fixative, we have demonstrated that the
blood-brain barrier is absent in the optic disc of normal cynomolgus monkeys. HRP extensively
infiltrated the border tissues of Erschnig and surrounded axons of the optic disc, while the diffusion
of HRP in the optic disc following acute elevation of intraocular pressure decreased markedly,
suggesting that the bulk flow of fluid from the vitreous into the optic nerve head through the
perivascular space of the radial peripapillary capillaries retards the movement of HRP from the
choriocapillaries. The relationship between the changes of extracellular fluid environment of the
axons in the lamina choroidaris and pathogenesis of glaucoma was discussed. (Acta Soc Ophthalmol
Jpn 91: 589—598, 1987)
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Fig. 1 Light microscopical section of right optic disc of normal cynomolgus
monkey 30 minutes after injection of HRP. HRP extends through glial and
connective tissue (magnification x100). a, end of Bruch's membran ; b, chor-
oidalportion of the canal ; ¢, the prelaminar glial septae.

Fig. 2 Electron microscopical section of lamina choroidalis of the same speci-
men shown in Fig. 1. HRP extensively infiltrates border tissue of Erschnig (EL),
extends through glial tissues and surrounds axons of optic nerve (ON).
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Fig. 3 Light microscopical section of left optic disc in the same monkey shown
in Fig. 1. The intraocular pressure was maintained at 50mmHg level for 3 hours.
HRP was injected into vein 30 minutes before the sacrifice of the animal
(magnification x100). Tracer material infiltrates border tissue (b) but
extremely less extensively than that of normal right eye; a, end of Bruch
membrane.

Fig. 4 Electron microscopical section of lamina choroidalis of the same speci-
men shown in Fig. 3. Bruch membrane (BM) and border tissue of Elschnig (EL)
are densely permeated by tracer, which extremely less extends to axons of optic
nerve than that of normal eye ; CH, choriocapillary lumen.
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Fig. 5 Unstained electron microscopical section of region of lamina choroidalis
30 minutes after injection of HRP in normal eye. HRP extensively infiltrates
around axons of optic disc.

Fig. 6 Unstained electron microscopical section of same area as shown in Fig.
5. Thirty minutes after injection of HRP following acute elevation of 10P at
50mmHg levels for 3 hours. HRP extremely less permeated around axons than
normal eve,
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Fig. 7 Large magnification of lamina choroidalis of normal eye. HRP is
definitely present around axons, and pinocytotic vesicles containing HRP
(arrows) in the astrocytic processes are on the axonal side of the cells showing
phagocytosis of the glia cells.

Fig. 8 A capillary lumen (a) with its endothelium (b), astrocytic process (¢)
and phagolysosomes (d) in the same specimen shown in Fig. 7. Basement
membrane of astrocytic processes are densely permeated by HRP, which moves
into the phagosomes (arrowes).




IEf629 5 A10H

AR FE T HE RF oo 1] 1 2 7L 8H Peroxidase Diffusion » A

77—(595)

Fig. 9 Basement membrane of endothelial cell (a) as well as of pericyte (b) and
astrocytic processes (c¢) of a capillary in the lamina choroidalis 30 minutes after
HRP injection into vitreous. Many pinocytotic vesicles carrying HRP in the
endothelial cell or pericyte are mostly on the contraluminal side of the cell, and
phagocytosis are seen in the astrocytic processes.

Fig. 10 Basement membrane of endothelial cell (a) as well as of astrocytic
process (c) of a capillary in the lamina chorodialis 30 minutes after HRP
injection into vein. Vesicular transport are present just same as shown Fig. 9.
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Fig. 11 Lamina scleralis of right normal eye 30 minutes after injection of HRP.
Tracer materials infiltrates connective tissue and some of extracellular space
between axons and glia cells (arrows), but extremely less extensively than that

of region of lamina choroidalis.
Fig. 12 Lamina scleralis of the left glaucomatous eye 30 minutes after injection

of HRP. No tracer materials are seen at the extracellular space between axons.

HREEWC & Licd & 1 R oBEch h, FLEME
OO RS HH, TOREEA & axonal flow
WAL & o EBHE A Do E LT A, [

Laties et al'®3s X 0 Radius et al'" 0 Y-HE 2530 5 7%
B5, BB EFBEXERCS & LCERORET
HHH, LEMER»LOBHEZEDT, BHBILER



EFI624F 5 H10H

Eoboititaxon OEREIE & OB AL
Ao THERE AL T LD LE 2 HhE, FELD
SGRIOEFTERBTELXRA L OTHLY, %
OIEFRIC 313 5L Tso bORK ERHETH -
T, axon 23 L THEERAMAL 283 5 £ O E |
@ axon [H P EIB I, SINA I RS IR E M0 A &
protein L L€, £ DD axon BEO AR E A
ML, IEWORMESELHEEFL X 5 &5 4EHY
BE rbHOTIERVE# 2 %, Lamina chor-
oidalis @ axon O Mo HEtE BEA TR 5 FE
bulk flow & L T o2& 2 bh b, £DO—2T&
26O flow TH 0, filldH B OIREEEMME H b
O flow TH 5. BiFE ZHED Miiller M fafi b2 868
L T axon [ % i L, #IEE MM EH < RPC o M
FHBECEE LY, sl HMELEO LThb,
lamina retinalis © axon BEEUCH AT %9, £ pro-
tein (X RIW & AcBES TR, BED LF
Ik > TZhbo flow i lamina choroidalis ~ & iy
KT 2%, —HEEIRGEBEEHAMLE»HARO X 5
IR A A o Elschnig o5 &84 R CHEA O
EEMMCAD, Ebicglia, axonHBEA~EHAT
%. %O protein JWELHETHE O T hiCHE L Tl »
ZEWEDEEZBRA, S bd bulk flow 2]
bEE L CHBEABIREEMLE AT S, BED
ERCEL TR, $ciEo E FoFRicseT, #/
FHOVER L fo 0, BELSIE & R, lamina choroidalis
@ axon O EHREIF OB BEF K\ TIEE
BLOSETFTTETHAH ZENEZLND, I,
FLEM N ERICEA R EE Y 5 X ¥ chemical
mediators DB O A[RE I oW TR BERHEF TH
5,

Ehig, axon L OBFE AT HEERERY
BB S L LT, WRAELERCTOBEHLEMNT S
CENHEEIRTVA9 2 oE 4 0 axon DOfflR
FEDTENTH->Th, axon FEA—FH &7 TH
AxMBAT 5 L 5B E, axon OBEICED L 5 7x
HEVETDLON, FroEELYHIETSE0L
b Ie BRI MR T B, SHROTRICE L
Fhidfebicwn, LA~ protein Ikt d o —
DTHAH Z EHHERIEZND,

b ncdhic b, B, BWEM2E Y ¥ Lo
KEF R o BERET D L L b, HmED Y
oL T AR BRI B R AR R AL R A R < R
foL ¥, ARLOESIEI6IESIE 0 ARB¥ LG

HE P LA B oo #5 pp R 7158 Peroxidase Diffusion » # A

79—(597)

S CHEEL,

12

2

L7

3

4)

5)

6)

(5,

8)

1))

100

11

12)

13)

X 53
Maumenee AE: Causes of optic nerve dam-
age in glaucoma (Shaffer Lecture). Ophthalmol-
ogy 90 : 741—752, 1983.
Quigley HA, Hohman RM, Addicks EM,
Massof RW, Green WR: Morphologic
changes in the lamina cribrosa correlated with
neural loss in open-angle glaucoma. Am ]
Ophthalmol 95: 673—691, 1983.
Radius RL, Anderson DR : Reversibility of
optic nerve damage in primate eyes subjected
to intraocular pressure above systoric blood
pressure. Br J Ophthalmol 65: 661—672, 1981.
EEINS | FEREEMEAEAEOWHGE BR
39: 407—424, 1985.
FRBEX | BEEEEEOTE L bR BNESE
HESEER, BRNEES I v BRERICE
aEFoES RECEHBRE B, EB¥HEHR
hiiet, 84—95, 1985,
A W MEREE A AR L L7 R R R
EoME, BRERCST 2 RHOES, RECH
FIE B, E¥EEHMHE, 69—83, 1985,
Graham RC Jr, Karnovsky MJ: The early
stage of absorption of injected horseradish
peroxidase in the proximal tubules of mouse
kidney : Ultrastructural cytochemistry by a
new technique. J Histochem Cytochem 14 : 291
—302, 1966.
Burton PR, Paige JL: Polarity of axoplas-
mic microtubules in the olfactory nerve of the
frog. Proc Nati Acad Sci USA 78: 3269—3273,
1981.
Machemer R: Angiographic-histologic corre-
lation of eye vessel permeability with protein-
bound fluorescent dye. Am J Ophthalmol 69 : 27,
1970.
Olsson Y, Kristenssen K: Permeability of
blood vessels and connectissue sheaths of retina
and optic nerve. Acta Neuropathol 26: 147,
1973.
Tso MOM, Shih CY, Meclean IW : Is there a
blood-brain barrier at the optic nerve head?
Arch Ophthalmol 93 : 815—825, 1975.
Shiose Y : Electron microscopic studies on
blood-retinal and blood-aqueous barriers. Jpn J
Ophthalmol 14: 73, 1970.
Grayson MC, Laties AM : Ocular localization
of sodium fluorescein. Effects of administration
on rabbits and monkeys. Arch Ophthalmol 85 :
600, 1971.



80—

14)

15)

16)

17)

18)

19)

(598)

Peyman GA, Apple D: Peroxidase diffusion
processes in the optic nerve. Arch Ophthalmol
88 : 650—654, 1972,

Ernest JT, Archer D: Fluorescein angio-
graph of the optic disc. Am J Ophthalmol 75
973—978, 1973.

Radius RL, Anderson DR : Distribution of
albumin in the normal monkey eye as revealed
by evans blue fluorescence microscopy. Invest
Ophthalmol Vis Sci 19: 238—243, 1980.

Radius RL Anderson DR:
normal optic nerve head blood-brain barrier
following acute elevation of intraocular pres-
sure in experimental animals. Invest. Ophthal-
nol. Vis. Sci 19 : 244—255, 1980.

Laties A, Armaly M, Rao R, Rapoport S:
The blood ocular barrier under stress. In
Vitreous Surgery and Advances in Fundus
Diagnosis and Treatment, Freeman HM, Hir-
ose T, Schepens CI, editors, New York, 1977,
Appleton-Century-Crofts, pp559—>568.

Araki M : The effect of the intraocular pres-

Breakdowm of

200

2D

22)

23)

24)

sure on the vascularization of the optic nerve.
Acta Soc Ophthalm Jap 79 : 981—996, 1975.
Araki M: Dynamics of vitreous humor,
Drainage of the vitreous humor through the
retinal capillaries. Acta Soc Ophthalm Jap 80 :
1276—1284, 1976.
Iwasa K, Tasaki I, Gibbons RC: Swelling of
nerve fibers associated with action potentiales.
Science 210 : 338—339, 1980.
Tasaki I, Byrne PM : Swelling of frog dorsal
root ganglion and spinal cord produced by
afferent volley of impulses. Brain Research 272 :
360—363, 1983.
Tasaki I, Nakaye T, Byrone PM: Rapid
swelling of neurons during synaptic transmis-
sion in the bull frog sympathetic ganglion.
Brain Research 331: 363—365, 1985.
Terakawa S: Changes in intra cellular pres-
sure in squid giant axons associated with pro-
duction of action potentials. Biochem Biophys
Res Commun 114 : 1006—1010, 1983.

(52900 A R 25 %)




