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Abstract

Long-term morphological changes of the blood-aqueous barrier following paracentesis were
studied in monkeys. Horseradish peroxidase molecules given intravenously were detected in the
intercellular space beyond the tight junction between the nonpigmented ciliary epithelial cells in a
monkey 7 days after the operation. The data demonstrated that the breakdown of the blood-aqueous
barrier was not functionally repaired 7 days after the operation. Cysts were observed at the most
anterior portions of the ciliary processes in monkeys surviving for 14 days to 1 year. These cysts
consisted of two layers of both pigmented and nonpigmented epithelial cells. These findings suggest
that the breakdown of the blood-aqueous barrier remains not to be repaired for log periods. (Acta Soc
Ophthalmol Jpn 94 : 243—249, 1990)

Key words: Ciliary body, Blood-aqueous barrier, Horseradish peroxidase, Monkey

- & zonula adherens 7z & O M fafE A AFET
I & ® B0, ChHOMBREE D 5 b, BRGSO EK
Ehrtk B flakc i, MBS S gap junction, B o fEemitic s 5 T (EERES) LLKRE
#H417 zonula occludens (A5 #5 & tight junction), ## Kl E LCHBET % = L 4% horseradish peroxidase

BURIGERE - 812 EREIHREEEML I —1—1 HWHNAFEZETERERE AGEH BRE

CPRETCE 9 A26H %4, FHICHEL0A16 B ET=H)

Reprint requests to: Toshiaki Kubota, M.D. Dept. of Ophthalmol., Faculty of Med., Kyushu Univ. 3-1-1
Maidashi, Higashi-ku, Fukuoka 812, Japan

(Received September 26, 1989 and accepted in revised form October 16, 1989)



244

(HRP) % b L —4—& LT cBERIZ X b
BT ERTLA-, JIERRIC L b BRIk
Bz 4 7 v EAEINT 2 OB Ko s
Ihm@EhoRTrERPICEHT 2D TS
B~18) Efidhe e A bias 7 4 7 ) v o T
BEECISWT L BBT 55, oMk AH O HiE
RESGEAR EEBoORmEB T, LiXLE
BEHER XS C BB TLR, KIFHRT
1, —ERETTELHG B o 5 K EKilo
WHAENFMEEMIC D X 5 R in s RS
fifi - 7o B CHEMEEIICEET L,

Il Mg E

ERICHHAE4I~1kgo BEIR O A A E
(Macaca fuscata) Z#H L7, By 2 3 v 0T
X AMEETIC, EREHOWRIMARY 0K 2BY
B (BIEZE) L, 159@8IciimEKEeft sS4, 1k
fll, 4 B§R, 6 ReRI# ARS8 ~ 0 ke TS L,
HAWEBSIUCAT a1 P8R, Higl1B~1
Foks iMook, EEEr 2 ¢ VKRB FICRERY
WH L, FEEBRFHNBEOME L L, W48 E
7 HICRERFEH L 72 2 B kB #5155 Bl 12 horse-
radish peroxidase(Ll T HRP & B%)(Sigma Chemical
Co., Type II) 500mg/kg % &k L1z, MEHERYE
HIZ12BFR L D B S AR EE L, B
10% -+ =< ) v CEE, 742 —ARFIThixE, -4

"

E1 1EMoMEEE, 1 HECRRIEH 2T - 1RO EHRMEHE,

4l

bty 5
- o S

v

HIR&GE 94% 35

574 gL, HE a4 % Fl L KE Pz
Lic, BI¥EE 4% 72— 7 AT e F—0.1M A
2 VR BT IR R R L ok, TERAgEEE
Ml X 5 IR HEHRER LT £ T2 My
L, MBEE®C—BHEREE L1z, HRP IEEAH
i3, 0.1IM & 2 o A TFRIEE W T, 1%+ A 0 A
B—0.1M » = 2 VBB E 1 TI0 D HEEE 2 17T -
7-. HRP {EAMICIE, ZEiRi2T0.01%hydrogen per-
oxidase &5mg ®3,3 -diaminobenzidine % & ¥310ml
#0.05M Tris-HCL buffer (pH 7.6) @ RIG#HHTIS
SHEFIG SR, L, 1%+ 23 v 28—0.1M
Az VBEHRCTERER YT, £0® T A
a—ARFIThK, =HFoBEcEEL, gRLE
kL 0 E E#1um Y H % Porter-Blum MT2B #
DIz b—-aTERL, 7A-AINTHRAEL, HHE
T L, SHLIERNE FEEAcE, RLU
178 b —ATHEEEKEAERL, HRPIFEEAMT
BEEEEY 5 v L2 = VB _EREX T, HRP
EAGIIEER Y 7 v OB E I T HAETF100CX &
ETEMGETHEL.,

I &% i

RIBEBK L RO EHIC L 63, EREFENR
A BER O A BIZE 2 hte, LU I BRI
OFF R SR 0 E GIHICR <%,

1 R} oo Bl B B e o

1 BB RRBH 2T -7

o e Tl

EAEESEE O BT BRI A TR X h, BRPICR 7 « 7 ) v R ETHAEMLR

Bdhin (HE Hh, X100),



ERE 24 3 H10H

BRER O ERRAEIIC L, ERAEREE o R fi s I Rk
WCEARGRE O ME & EHEME EERSIEALTW5F
RAAEs i, Bk EFR LMo FELh,
COEBACIZ7 4 7Y v ELREYIED LR
fo. BERAEEC:—E AR kMR 2EE D & TR
EHEBFREKL TG (F1),

6 BB BB, 7 BEBICHRERfEH © 1550
HRP %A Lo IRER O F R0 B B s 4 6 7 B
HEiTH%ET % &, high density ® HRP (2GR L
BBk EFE LRk L OnE LR L
F LMl ORI ERES X @D BA, —fT
HRP & & 5% kB Ba oo T S8 i 7767 5 tight
junction ##i 2 TEOE FEFMRMEECES bR
(B2, 3, 4). FEERIEREEHRS L OE
% EE MRS bh, #0635 FEREE

i1 5 22 Bl o L 9 3 KMt A A 245

—EBA LT (K2).

6 Kl oo A B A M R 14 B BRI iR 22 7T » 7o, 4 B
HoHi B 8 » ABRCIBRMZ T - 726, 4B
ATl 2 A BB R T - 7o, 32 001 KRS
DRI 1 FHEICIREE 1T > PO RO B E
Wik, BRREBERE O Riln I E O 2BD &
hiz, S0k 5tk 2 BRI ERRR LcflTl, 3
farERdEE LM EsE L CEEL TV T, %
A7 4 7 v it EORBRYIRED bRl -1
(" 5A, B). BTHME THETS L, BlioRd s
M EEE Y ZS Hh, A% ks EaFk bk
fifao 2 BofladbitoTuic(K6), - bEM
NeRBRic B oW E 4 bh, —EAE LRk
OHEEAHEAL T2, BB A7z tight junction o .
WREIBE I hish o 1,

2 6EMONIEMEE, 7 BEEICRERMHOISSHNIC HRP 2{EA L BB O E

FHEEHRETE (X3,750).

HRP &% Fofifafis £ oa® il & \ER LM s ofplEE5 X
5 IR b, HEER MM CEET 5,



246

HiR=3t 94% 35

3 HRP EAMOEFEHESEH (X19,000),

HRP (1 #EEFE FHkai o Wi £ icFET 5 tight junction TR X EDHRT

Wi,

IV # #

FEROMGICITAIE R O, MR TOMKEK
oW BE Lo g s 09 Lo LS Eo
Ho k5w FE KM OBEEE - D EREHEES
wEMICH - TRELLHE XA, SE0
HRP# b v —H%— ¢ LT KBTI, THHEI
%< O Cik HRP (X B4 & 63K LR bafE o/l
IRz 5 tight junction Z#lz T o 5 Fo 83,
—#5 HRP #5 tight junction Z#t 2 THE» bhiz, =

T EXh, AiEZE 1A MR A O BERE T
BEEmcEsclBEEshTuiWZ ENEB S H
o, B SR R v R A 8 B o SR i ¢ IR s Al
DFELAB Y, LELEEROMRAZ LR Z &

LRI #ME ShTw5979 SEOEBRICE T
HIE%EO 1 BHBCEE L FIT, fEEoBELRL
{74 7Y vkEGhBEPrRE S h, 1B
Fi o 2 8MED 5L 1 FEoRERchic » T b EBREG
wEERoRIRCEROBEAR bR, Ol
DLTRRERRE Y o, MIBEIICED bh Rk
DHEEEN) T MR B KM O BidE 2 EERCER T H L0
TS, B0 71 7Y vidBR I WATHEN
AHh, WEEHNCERSED - SR ofo
MEFEAMHEIESS T, MmO BHEr RIS
TREME AR LTV 5,

i EICRS b h o BERO S X OO
CEEEARD b, EARGOE LR E KRR
Ao 2 Bofiasbic- T, BEEEET



R 243 AI0H

BT 22 B 6 o> i 7 B K M e = A fRe b 247

®4 HRP EAGIOETFEMSTE (% 38,5000, HRP (2 tight juoction ## % € &

Hhhb,

SERMEREZ LR, FhT]lBOEGATE EEMK
Lle BN SEOEBRTHE I W -G CE
REHEESoRIRCEZE I &, FoERLE
C2RBoMia»bHERER TV EL W ERED L
DEFEHTES,

4 al D EE TEREFET ICBE X h - PR O
3, AESEBEAYBELCHLBET S I TCOREORE
FreXotEobhit, oz tXI—EfEYH» 5

&, TORKRM O R X b mEE KO KT
Rlcble- TR TEELDD 2 EXTHL T
B, EoTFEM LT WTHBELBO - BE iR
HcbicoTt7 4 79 R EME S HET 2 TTHEM:
BHBERS,

R EEEOHEMCEHRLET.



248 HIRSEE 94% 35

E5 A 6REoOMEHKE, 148 BcBRRHBEEZT > CRROXEER(7 X -1
¥, x150). B : 4 B o piERME, 114 B# IR 4T - folRER o Y8R
B (7 X—AI13RE, x150), EREEHETO R0 b,

E6 K5 B TAbhlBao®E FEEHESTH (X7,000), BFLEMEs &EE%EL
BEfffa s & e % BRI D A RER & ARl o M i R AFED bh b,



293 A10H

1) Shabo AL,

2

"

5

6

7

8

9

3

R

s

s

)

—’

~F

P (3
Maxwell DS: Electron micro-
scopic localization of occluding junctions in the
primate ciliary process and pars plana. Invest
Ophthalmol 12 : 863—865, 1973.
Raviola G: The structural basis of blood-
aqueous barriers. Exp Eye Res 25(Suppl): 27
—63, 1977.
Hirsch M, Montcourrier P, Renard G:
Ultrastructure of the blood-aqueous barrier in
normal condition and after paracentesis: A
freeze-fracture study in the rabit. Graefe’s Arch
Clin Exp Ophthalmol 203 : 169—179, 1977.
Raviola G, Raviola E: Intercellular junctions
in the ciliary epithelium. Invest Ophthalmol Vis
Sci 17: 958—981, 1978.
Bairati AJ, Orazalesi N: The structure of the
epithelium of the ciliary body, a study of the
junctional complexs and of the changes as-
sociated with the production of plasmoid aque-
ous humor. Zeitschrift Zellforschung 69: 635
—658, 1966.
Shiose Y : Electron microscopic studies on
blood-retinal and blood-aqueous barriers. Jpn J
Ophthalmol 14 : 73—87, 1970.
Vegge T: An epithelial blood-aqueous barrier
to horseradish peroxidase in the ciliary process
of the vervet monkey (Cercopithecus aethiops).
Zellforsch Mikrok Anat 114 : 309—320, 1971,
Smith RS: Ultrastructural studies of the
blood-aqueous barrier 1: Transport of an
electron-dense tracer in the iris and ciliary body
of the mouse. Am J Ophthalmol 71 : 1066—1077,
1971.
Smith RS, Rudt LA : Ultrastructural studies
of the blood-aqueous barrier 2 : The barrier to

100

s
=

12)

13

14

s

15

—

162

1D

I B3 22 B > I 9 5 7K MM A = 2K R P A 249

horseradish peroxidase in primates. Am J
Ophthalmol 76 : 937—947, 1973.

Uusitalo R: An electron microscopical study
of the blood-aqueous barrier in the ciliary body
and iris of the rabbit. Exp Eye Res 17: 49—63,
1973.

Raviola G: Effects of paracentesis on the
blood-aqueous barrier : An electron microscope
study on Macaca mulatta using horseradish
peroxidase as a tracer. Invest Ophthalmol 13
828—858, 1974.

Smelser GK, Pei YF: Cytological basis of
protein leakage into the eye following par-
acentesis. An electron microscopic study. Invest
Ophthalmol 4 : 249—263, 1965.

Okisaka S: Effects of paracentesis on the
blood-aqueous barrier: A light and electron
microscopic study on cynomolgus monkey.
Invest Ophthalmol 15 : 824—834, 1976.

Bartels SP, Pederson JE, Gaasterland DE, et
al: Sites of breakdown of the blood-aqueous
barrier after paracentesis of the rhesus monkey
eye. Invest Ophthalmol Vis Sci 18 : 1050—1060,
1979.

Ohnishi Y, Tanaka M : Effects of pilocarpine
and paracentesis on occluding junctions
between the nonpigmented ciliary epithelial
cell. Exp Eye Res 32: 635—647, 1981,

Yanoff M, Fine BS: Cysts of the iris and
anterior cilliary body (pars plicata): Ocular
pathology. Philadelphia, Harper & Row, 405
—408, 1982,

Naumann GOH : Tumors of the nonpigment-
ed ciliary body epithelium, In Naumann GOH,
Apple D] (eds): Pathology of the Eye. New
York, Springer-Verlag, 479—483, 1986.




