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Inward and the Outward Permeability of the Blood-Ocular
Barrier in Monkeys

Yuichi Nara and Akitoshi Yoshida
Department of Ophthalmology, Asahikawa Medical College
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YRS & T 2 MR A5 BB MEE & 5+ 5B BMMEE £, vitreous fluorophotometry (= & 1) #AF
LEMREDBLEIZEWTEEL 2. AIEOHEE computer simulation E(C & N Ko - N HBE BB
(Pin) iz & NH&ET L, 5 OHEE (L Y LEEFER IS fluorescein(F) £ & U fluorescein monoglucuronide (FG)
EFEEEIALZOHELZELALBRFNCAE TS &SI VB LE. YLBRORRFEROBRME I+ 248
MG E FEOEZAE ZEFFL (, £ Pin OfF (4.7+1.6X10%cm/min) EREXOE FRIZH1T 5
EEHUL TV, FOBFHEACS ! BREXEH(Kv)n1E(0.13+0.026) (& FG @ % £.(0.030+0.009)
DEAET, LH s FG o Kv Dz, 88X L > TEA~FHEAS Z & HHEH L T 5 sucrose(Kv=
0.04) % gentamicin (Kv=0.035) ® % h &L Turz, F -AEBNEE M EHI TH 5 probenecid %5
TTiH--RAEROEBMER T, FOBRASEIERCINE A2 FG REACTElE ATV & 4%
L7z, #- T, FRRMERAMICECTHEBERCL>T, —F FG 28RS > TRA~HHans =
cafERlcntz, 2RAICS T 3 BRHAEHOLEEY S, SEBE® (I, IREAME 0 & MiEHEEMC 5
LWTENRE CREEL TV 3 Z ehllla b, IHFHADIESM#IFCEELRILR: L TWS 2 2 h54A
ant, (BEE 92:1610—1617, 1988)
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Abstract

We investigated the function of the inward and the outward permeability of the blood-ocular
barrier in monkeys by vitreous fluorophotometry (VFP) for making a comparative study of the human
eye. The inward permeability (Pin) was calculated by a computer simulation method and the kinetic
VFP was performed after fluorescein (F) and the fluorescein monoglucuronide (FG) were injected into
the vitreous cavity. The relative ratio of each optical element to the axial length in monkeys was
almost equal to that of the human eye. The estimated value of Pin (X 10~*¢m/min) was 4.7+1.6 and
it was similar to the value obtained from the human eye in the same age. The rate of loss from the
vitreous body (Kv) of F (0.13%0.026) was about four times greater than that of FG (0.030+0.009), and
the Kv of FG was similar to that of sucrose (Kv=0.04) and that of gentamicin (Kv=0.035) which have
been known to be transported from the vitreous body to the blood by passive transport mechanism.
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In an additional experiment using intraperitoneal probenecid administration in the same manner, we
observed that probenecid caused a marked reduction in the loss from the vitreous body of F but not
of FG. Therefore, it was suggested that F is excreted from the eye mainly by active transport in the
blood-ocular barrier. The results of comparative studies between Ka and Kv suggested that the active
transport is more predominant in the blood-retinal barrier than in the blood-aqueous barrier. (Acta

Soc Ophthalmol Jpn 92 : 1610—1617, 1988)

Key words: Vitreous fluorophotometry, Fluorescein, Fluorescein monoglucuronide, Active trans-

port, Blood-ocular barrier
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Vitreous fluorophotometry (LA VFP £ B%) # H
Wico g ToffFEs b, MR A M blood-ocular
barrier (LLF BOB) ict%, Mg HERA~OHE
OBATHMEIE LD, RERAOWEERREICL D
FRERA~ < ZHTBEOEET L - ALz E R
TERY, L Liadis, WwEOBTICE L TR
L LTo%EE ##H 5 BOB OAEBERBEEE R E 125+
SGERBREXRTwE, ZOARHTFTGRRERRD
—2i2i%, VFPIicHW%® K EFE fluorescein-Na (Ll
T FPofHcBET aMERD - 7o, AFE, £5FE52
#7z F i %2 4 ic £ 4 T fluorescein - monoglucur-
onide (LA F FG) wf{i#f&ha Z LA LML DY,
FRBFG R F i~ TEHMEL T w2 &
LB BEMNCERo2HBY, - T, VFP VTR
HOREBIESELY BB L L 5 L35I, hb
F & FG o o0 EORAIIC BT 5 BeL k%
ERTAHALEBBELELZLRD,

T, BAOEBMERELEALL S & T5H
i3, EELTRRBVAGHRTE A0, RER
CRBEIMAERORES X RS e torh ks
ELLRERD, - THERBrLELAIHME L |
ROMEEEEEEL LTIz b b3#LY, #
foe RO AP IcEXERYEREATLI L
RElFRE S, FrTRAR, DEoSAEREEL, B
BRAES X UCMAEESE e PcBEULTw B RE
gL LCHY, migfE#H blood-retinal barrier (1
TBRB)OENXEFELIVEL Lo EBE#IEY, 8
HikTH DA BB L B TH AN ER
PR OB L TRRITL X 5 &3l Ate,

RO TERERVRF I B ITEE, AIFRE, KauHE,
MFEERREOBFERLTRIL TRDHA, KIT
BRB oA @M EEE 2 T T 5 7o, F 2B 8BIRE

i 5. L, VFP & computer simulation 1= J ) BRB
OFEBEFRE A EE Lz, &5 BRB o4 FE AN
BHELBFTALDF 5L OFG 2 FRENICHE
BEAL, TOBEZ{LE VFP %\ T &l
ELi, RFENL, BTERLE S L BROFE
ke PRoF R EELUTAZ L, ¥ BRBOARFE
EHEERE S ¢ F RO h EREHIEELLRWC &
feEERMIATET, i, ARk 5 EEE S
EOHFE L TORFHO—MLAMETE, v P ETFED
fEHE % BOB OHE L ofdEic ks TEE L.

I S8k

1. W&

A= & 5 BR10MR (HESESFM#S 5 ~ 100k, {4
5~9.5kg) XKLL, EFEARELLT
Ketamine hydrochloride (# # 7 —A®, 10mg/kg)
# {7 L, Pentobarbital sodium(# v 7% —A®, 25
mg/kg) ORIET, AR BRRBORECHER L.

2. BifE, BR#EOAE

0.5%FmrED I FEOSRER ==L 7)) vOR
BRI FU vy POYZARL, oo, v
G A= — (R—FvALy 2788 ¥AVWTE
wE (D) #, BFEAE—F (z—nL=vF 74910
% A%F ¢ 200, DBR) *Hu CiREE & & BHTEE
(MR, KaEE, MFEER) ORI ZRIE L.

3. Vitreous Fluorophotometry (= & % iRP9& 58
BEoAE

S - NRAGEYACTRERELXT, KR
LA TRBEICREORVWC ERHR LA VFP #
ik, HHE 5O L ic & E fefluorophotometer”
WM L7, BRBoOWGERERELFETT2 B/
T, 10%sodium fluorescein(F) (Fluorescite, Alcon
Labs. Inc.) # #F#IRAICE & Uiz, To#BERIFE
(kg) 1= b Tmg & L, T OBER & UFHEE605 I
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Bicxi L VFP BB L HfT L, i, Mo F RE
DOENEE D B TEERLS & 655 T RAEREY
(MPS-1, Amicon, Co)ick »T, IM#EF®D protein-
unbound fluorescence (LT PUF) Z{lE L7z,

4, Computer Simulation (=t 5 BRB 05 &8
MR OHE

VFPiZ X h ERP L BAENMES L O PUFE%
i, THLYDBR L FREEFAX2 AR
JER L T, BRB ©N J;%:& M (¥ (inward permeabil-
ity, Pin)#% simulation iz X h#E Lz, b b,
Pin & 3 #IRMICHEE L F A G » 5 BRB %
il - TR REPIIC A3 5 @tk (R # (cm/min) &
LCERLAETHS, HITEMERICH T AT
AN ~® fluorescein DA FEA R DT, TOE%
BRBOZEHEKE & PUFRBEORSME CHRTZ &1
L-oTHEHEhB®,

COEOHBIEL, BREFALOBE T e R
DENICELC RS, chboRBRYyABICE
FEEFTEHROEBER 7o, /e FBETIRILO0
mm T - 7[R D compartment shell & X%,
FARTREROF B L OHEEIE $0.8mm & L,

5. F, FG OEFERIEAZORAE N EE DR
#iEE

3. oREH 2 H A B WREES Ay CIRE#EE
2TV, WECEFo v LA FORRLE, o2
T %, fluorophotometer # FuTHRA @ B A8 K08
EAHERE L, ST, BRERESL 1307 —
2§t & syringe %\ CTEHEPEFERE O (2(Z 5
MICFIASh T3 2 L2 HERE, BRCF ERc
FG*EER{EALL, FRER) vEBEEHK (pH
7.4) THERLImM & L, #4FGxrolk (ME
99.6%) ZFEHRIZ ) v BEEW T1lmM I FRL, Th
5D10p] ZEACH I,

RA &KL, F, FG B FHERCRER—I
PREL7- 6 RERIER X 0, BRAORERE S 2
AT EME . CHER L a3 b, 2ERMB XS,
10, 12% L C24RfBE Dt 5 Blicds iz » THRIE L 1z,

IIT A R

1. BifE s L UEIRES

RO FETER (D) o RERGTHROFRYE 110w
T, Chbo¥ffx, £+ 5O0MEDEHETH S,
FTETECBELCAB &, WHRRE—0.5D 550D
OFFEC /ML 2fIBERR TS - 1o, R#hRi116.77

HIREEE 928 105

#&1 XNZgya (5HIR oFHFER (D)

5 X OHRERETU
o Eﬁ%& JEHTHEFE (mm)
BB EREE | AR | R
1 R-0.5 3.32 3.62 12.46 19.40
L>-0.5 3.25 3.66 12.63 19.54
2 R) O 2.8 3.12 10.80 16.77
L) O 2.45 3.40 10.93 16.78
3 R) 0 2.70 3.36 11.74 17.80
LD 2.69 3.31 11.74 17.74
4 R)-0.5 2.54 3.58 11.34 17.46
L)-0.5 2.55 391 13,17 17.23
5 R)-0.5 3.38 3.42 14.75 21.55
1.)-0.5 3:35 3.26 14.85 21.46
iy 2.91 3.42 12.24 18.57
SD 0.38 0.17 1.47 1.81

®2 v BRI AVBONERE, KEGER XU
B e & o REhE 1oe 1 B R

e MR iR
Bl B &% 0.15 0.16
K dh 0.18 0.18
T fe e e 0.67 0.66

mm 72>521.55mm OG5 L, FHEI18.77mm
THHERERFZEI]LSImm L ELDRELADH LR
fo. COfEik e FRORBEYOMNTTRICH D, —F
BIFERE (mm) 132.91+0.38 (Mean+SD), Ak
E (mm) “T£3.424+0.17 (Mean+SD) ¥ X O F&
BeE (mm) 1312.24+1.47 (Mean®SD) TH - 7=,
FlLTRICIN O VBB O -EENEROR
R CH T HAEANWEEE, £ PEMALHELRYE
hoofE & L1, Zhb o iRz k3 55
HEIL, R21CFEDTURLA, Tibb, EriEk
5 B REE O XA ER20.15 (3.64/24.00) TH
h, Kb E, WTHBERTOLERILThFh
0.18 (4.28/24.00), 0.67 (16.08/24.00) TH -7z,
— Y AR TORBERE QMM HEE0.16 (2.91/
18.5TTHbH, KifFE, WMTFHEEETOLRIILH
Z10.18 (3.42/18.57), 0.66 (12.24/18.57) TH -
o, ChsyARrsBohic & RITEROHENAI
iz, e FREALBELALTALOHEMEE L 2E
—BH LTz,

2. BRB o A5 E:BMFRE (Pin)

F & @8RS LB o RAERE R 2
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FlxE1icR L, HlalaR3oklR, F/AE1b
XG5 OLERHBRCEE T, R1IVEHRS O
NDERD B 2 7 ABRICAERLBERT L THIK
fehs, CheboBlEMEIRT L SICF B
BTREES, fils L OBEER TRk TEE
EE MR A ED s, b o60o i, ElE
Lice RSB L CEXEEMBE ORR L 3EF
FBETH -7, £, B LR I RIEH
FREE 1b DR EAEIC I EL L s T,

FIichboOEAMER K2, computer simula-
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Lo vl

=
i

-— 60Min.

vl

Fluorescein Concentration (g/ml)

{}{-—Baseline

10—

Cornea Lens
1

Retina
1 1
21 18 15 17§ 6§ 1 0

Distance from Retina (mm)
b’

E1 Fgdck 2RAELEEER. alZxd& 3o
R, biai5 5 OAR, bk b EIE 2 » ARicHS
5 OARICIT - o FHRA O R, WL F B
HEL P 4 e BE Al £ (baseline) %, SE&R (L F BrE{4£60
FOBRRELEE ML TS, b &L DPRRFRER
HEALE,

#£3  ALEBERE (Pin)

G Pin
O (%10 %cm/min)
R) L)
1 6.6 7.8
2 4.2 5.0
3 3.0 2.6
4 3.4 4.6
5 4.6 5.0
Fiy &7
SD 1.6

tion®i— X b #HEE L 7= A BB @ Pin (X 10 %cm/min) %
<. Pin (2.6 57.80[Iz5H L £ 0 FHE+SD
124.7+1.6TH -1z,

3. F, FG DT HERZEAZOBASE LEE DR
2L

D MiBEAB L UCHTENICET S F, FG 0Bk
FBXUFG 2T ERICEAR, MELCEAS
Kk OREAXR 2 1Rt EXEETTCF &
EE LRl FEABROWMTHFE X URIE
FRORE R FGEAEDO TN LIZE~T, FoFER
LEBIcL hHETLA, 3 5HIE»LE



46—(1614)
F
107t &—a baseline
= o—o 6hr
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(1)
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107" — &—a baseline
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o
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1 1 1
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(2)

2 (), @ WFFHITQ@FGCoMFHAEA
HoBRARECEE RO REN, R aREAH
@ baseline X O'F, FGEA# 6, 8, 10, 12, 24
RO MR S KEE > T h Fh ORECRE L T
7.

bBhiclfrE & TRLE. BIEREE L CREE
R, IR AR W TR A v, o

HER£EE 92% 105

J\L‘L\JG o,

FG (ant. chamber)

I RN RTT]

i

F (mid vitreous)

O Rl

Concentration (g/ml)

F (ant. chamber)

L )
v 10 12 2
Time after injection (hours)

E3 FiEAE L OCPEMTFEND F, FG 0BhRE(%
hEhn=5)

%4 Fluorescein (F), Fluorescein monoglucuronide
(FG) opiEHGaFENAEH (Ka) s L UHTHAe
FiHEEH (Kv)

F FG
boE
Ka (hour~') | Kv (hour™') | Ka (hour!)| Kv (hour)

1 0.12 0.10 0.040 0.027

2 0.11 0.17 0.033 0.033

3 0.11 0.14 0.051 0.044

4 0.12 0.13 0.047 0.019

5 0.12 0.12 0.035 0.026
iy LSl 0.13 0.041 0.030
SD 0.005 0.026 0.008 0.009

DEH G F B XU FGOPEEEFdh L iiEF ol
B, RIFERNCETTSZ Laibns, ¥, &
HHFEHS L OHETO FBER, chbofic
FH5FGREL HVEMOERE L EHETL
TWB I Ebhnd, Ebic, FEERTOWTALSE,
EDORIERRTIC 35\ T b W ic R T o BEEE 23HT
Bhorhictb~T&<, —71 FG Tk FiE$
DEREVTFEFOLAL D LLE DD, ZDEIL
FizksitaEl h/hahat,

2) FEXUFGoAaFZEHEAER (hour') o ki
F B X O FG B Frhl X CRiEh»bH & h
HEERFARD I, F E FGORBET S L rh iy
Flhhic ki 5 AR HEEAEH (Ka, Kv) ¥Rk (&
4), Tiebb F, FG ¥ h 2 nRA AR 6 R,
8 BERE, 108FR, 1285R0% L € 24050 0 &8I0 &
R BRI, Bl EZ 7 e o b L1,
Z LT Z0EMROAE X RATEAL12RRESE, 4R %
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DZO>OEKME (B+~AFIUB ETE) Lokoe
FHEEEH (Un A-ln B/ty-t,, 22Tt =12, t,=24)
ELfe, ZZCKaZiiEPRELS, Kv (38FH
HEALEH L, Fo Kalx0.11+0.005 (Mean+
SD), Kv 20.13+0.026 (Mean+SD) ¢& 0, FG o
Ka 30.041+0.008, Kv (%0.030+0.009T#H -7z, 7o
B, 476, =242 LTHEH L% Ka, KvfE$ Lig
DIEEIZEAETED D ehoiz,

Wiz, fiFE R & U EEFERIcs VT, F &£ FG &
DIHKEH LT 5 7®, FOoKa t FGo Ka &
DT icbb Ka(F)/Ka(FG) &, FOKv &£ FGo
Kv tolt Kv (F)/Kv (FG) %%k (£5). Ka
(F)/Ka (FG) 2.9%+0.50TH b, —H Kv (F)/Kv
(FGY34.T+1.4TH » T, ZOWERITIZFTFRIC
HEZEYADL (p<0.05),

3) FHMEOBR B L OEBREEREEAE SO
W (E6)

HEAZ, PERESED R ES 2 AU ERAL
ToRER T, MBUTEERE S X OTRAIG B TR
I UOWTFHEEDTRHICRFEO RV & HARE
Lt F&XUFG OMTHMNEAR, EBRHE
5. LRERIZ6, 8, 10, 12, 24RREDEE 5 Elizds
e hBAOELBMELXRELL: n=5), FTix, Ka
DOHFE L L OEHEEROER L F H0.11£0.005,
0.11+0.013T, Kv T+ h£h0.13+0.026, 0.11+

#£5 Ka(F)/Ka(FG)H & Kv (F)/Kv(FG)k,
WH N EEE XD S

Wl Ka (F)/Ka (FG) Kv (F)/Kv (FG)

1 3.0 3.7

2 &:3 52

3 2.2 3.2

" 2.6 6.8

5 3.4 4.6

2.910.50 4.7+1.4

Fi+SD
v# (p <0.05)
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0.017CH -7z, ¥/ FG TiX, Ka o@EE L O'HE
HRFOMAEIZ 1 EF410.041+0.008, 0.043+0.007 T,
Kv Tt h£#0.030+0.009, 0.039+0.005T H -
. DEX h FEROHBEIRECH - .

WICEBMESRE L CEBHEERIEEANcH D
probenecid'® (G HMEE) %, BEEANEY (150mg/kg
w 6Kk X 2 @ 5) LA F & FG 0BHA
HAERA IH6 LR cEm LA, FoKa, Kv
DEXZ A 10.07+£0.023, 0.04+0.029CH - 7.
¥ 7 FG @ Ka, Kv @1k % #1 % +1.0.045+0.018,
0.024+0.018CH - 7=

IV %

MEIRA N fs i 2 X EROFRMEREE, T
LEEE S L OB BT A RIc ks VT, AW
DL S VRO B E S G B A&
SIERMICERE LeHiER, RcomaBrS4HET
T\, AREOHBIIRO 3 EIZES, Tihbb, 1)
MERA OB EE B AR LREL LT, Z
Bl T 5 5N A EANEE L EEEE T A B HE
B L L TR LA 2 &L 2) Dok
BECBHFE L7z e b IRER simulation model %% T &
WIRCCA LA Z &, 3) FoR#hcB+ 508 (F &
FEHTESL»IC FG TR S h B R @RT 570, +
MBI FBXUFGHBEEEAL TEOBRERT4
Rtz D3 HTHS.,

BIERD, o@arbSmoiEErHmitTss, &
FTHEOFAVROBIIER L FHTE, HEFEE
DERBRCATAHEL e FIBOFh L LIZIEEL
<, oTHAROBRERLe FEROZ A L EL
LTwaBZ AR ENK, F1:, computer simula-
tion IL X P H e RO Pin (X10-%cm/min) (&
4.7+1.6T, ZOfERFAROMEE IZIFRERGR)
Ot ME (n=15) @ Pin Off (6.2+1.8)9 & T 5%
L, AofER e FROBEOHTEITHY LT, # -
T, $ABIEENTE, b bR EELL A A

% 6 Fluorescein (F), Fluorescein monoglucuronide!(FG) o FiE A 35 & O M 14 45E
# (Ka, Kv) o @ 8i#E (n=5) & L CREENE =S HIBHEH (probenecid) # 5 0 %H n=3)

F

FG F FG

10 PR

[ i s

Wi (+ probenecid)

Ka 0.110.005
Kv 0.13%0.026

0.11£0.013 [ 0.041£0.008 | 0.043£0.007 | 0.0740.023 | 0.045+0.018
0.11%0.017 | 0.030£0.009 | 0.039£0.005 | 0.04=0.038 | 0.024=0.018
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OFEEREEY AT A Z LHERI S e,

Cunha-Vaz b REC TR FEEFOF
VI ABREHE 2 S BE BN & b Mg~ PR & h B
LHELTL¥E, 48 % CF 5 U FG O EEE%ED
AT S h U &, £ 2 TR, BIE3) OBl
hb&EOHE < OMERREEEF Licv., FGOHE%
FEH (Kv) OfEZREBEE A % ZHEE 0 A THR
HBEtl Eh 3 Z &3 LT\ % sucrose (Kv=
0.04)'9 % X O gentamicin (Kv=0.035)22DfHl & (2%
—FH LT, ZOFRE, BT REET
FRIZEWTOFOKv R FGO Ky X W4 sk
W EEREZEbESL L, YARICEWTIEF (2%H
BE D Lt b T HEEEE R IC X - TR~ Eh T
HIEhHERERD, —F, Kv(F)/Kv (FG) Offik
Ka (F)/Ka (FG) ©fH X b #iEH#rc Bk Ed -
fo, COERE, Kv OfEBEC» Fhich s T
BT BAEHREOFHEL hRDTVLEHI L
EZGbhe5 L, RBHICE T BEBRWE T, BRI
5, ThbblEEAMHcts T b HEERE oM
BRAEMHC S WTI hAECBRELTV5 2 LA
Tha, FBEAEPIHER T 5 probenecid
PEEAESE LCER FoKa Kvo Eik
probenecid ## 5 FT#i#l &R L, Hic F @ Kv Offiix
FGoEEMAEH LA LV <A ETETLE, —
75 FG T % Ka, Kv ®ffli probenecid #45 FT % (3
LAEREYZ i ot, TOBMEBRORERE,
FaExeLTlHHECL-T, FGRRELLTEH
B - CiA~BIE S ha 2 L 20 mBT 53
DEEZLNRD,

LlEofERIz, =V REH e FRIckHA F ol
TAkRE D B b~ D EB IS % in vitro THET L -k
&, ThbLEBEXOBOTEHIMETHD L L
MEDTEE—HTH, TLHFEDL, FREBICH T
FRREREEE L b & LCEEBRAIC X b R4~k
HEhado E&HRL W5,

FRIEIC L - C, b FCHRERERESELIL £ oMk
M 3 A A ARG e FIBBR S IFEEL
W LR I T, MEARM N 3810 5 BEEhEa R O fF
HEEFTORHEO - MEBHATEL, Thbbe FRT
BERTDZZEDTERLWF R FGoOBRREAR, +
ARTHRI D LREBERTH -0, TLAEPRICL
h, WFEOESEMHEE S 8, MERAMO
BEEDEREERAE 2 e FIEERMIC B LT EE A REI AR
ot o LAMERI S R, AR e RERIC 1T S I

HRE&3E 92% 10%

B OBELHETAEELRFLIL I X E2ZLLO

EExbNA, SEYyVIREAVT, HEEEX ORI

FHEHE S T ik o Reiia S OB E L 2 bic

FEHICEGT Lo,

Tk 2 Bichic b, KPR L FEHEIEE, HERZIED
* Lo |ERCER B #E, RE\B#EECEHR L
L¥E-4, ¥, AP EEEE, @G £ Lol
ER S A EE RS, & EREBCEHCCLET,
% 512, fluorescein monoglucuronide DA A4 L T
fo W HERAEIRRIESE, REEFHEE R
Lida,

KHLoOBEEIL, H920 HARBELIES GUE, 1988)
TRELL.
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