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The in vitro Effects of Intraocular Irrigating Solutions

on the Barrier Function of the Corneal Endothelium
and the Corneal Swelling Rate
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BAEAPTAFALEY, LIFEmBEOTEENH 5, IBOFMBERAERR, BSS(7/Lax), S-MA,
(FH8U), BOS (RUAsuZE) o, AlEAK/) 7—#eEr, AEEEER CREITEE S, Glutathione-
Bicarbonate-Ringer (GBR) #XtBB& L T, RR| TLEEMRIT L 1. AE/N) 7—HEOEENER,
Carboxyfluorescein ®EEBME (X10'em/4) &, S-MA,ERT T4.83+0.56 (SD, N=7) &, fiRA
&% GBR TEFL Tofd, 3.88+0.70& NHEIZ (p<0.005)FH - 1=h° GBR-BSS, GBR-BOS KU GBR
(%£8B)-GBR (HHR) MTRABE AL o1z, JERTOAEREEE (um/FF) £ GBR:9+2, 5-MA,:
40+1, BSS:40+8, BOS:17%2 (SD, N=4) &, BSS=S-MA,>B0OS>GBR 0JEI:HFEX (p<0.005)
pREontz. (HER 92 127—132, 1988)
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Abstract

We studied the in vitro effect of 4 intraocular irrigating solutions—a glutathione bicarbonate
Ringers solution (GBR), a commercially available citrate-acetate glucose bicarbonate solution (S-
MA.), a phosphate buffered glucose bicarbonate dextran solution (BOS) and a balanced salt solution
(BSS) on the barrier function of the corneal endothelium and the corneal swelling rate. Isolated rabbit
corneas were mounted in a dual-chambered specular microscope and the endothelium was perfused. To
estimate the barrier function, the endothelial permeability coeflicient to carboxyfluorescein (P.) was
determined. Between paired corneas perfused with GBR and BOS or GBR and BSS, there was no
significant difference in the P,., while a significant difference in this factor was seen between the
paired corneas perfused with GBR and S-MA, (paired t-test, p<0.005), the P,. was 4.83%0.56 (X10~*
em/min) for S-MA, and 3.88£0.70 (<10 *em/min) for GBR (Mean®=SD, N=T7). The corneal swelling
rate was 9+ 1y /hr for GBR, 40£14/hr for S-MA,, 4084 /hr for BSS and 17+2y/hr for BOS (Mean=
SD, N=4), the difference between GBR and BOS, BOS and BSS or BOS and S-MA, was significant
(unpaired t-test, p<0.005), while it was not significant between BSS and S-MA2. (Acta Soc Ophthal-
mol Jpn 92: 127—132, 1988)
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. w1 HEEBOMB (mM/1)
I #& =
BSS S-MA:; | GBR BOS
RPTERINL, REBPFHICL > TR FDTE NaCl 1095 | 112.9 | 15.0 | 107.9
RYTHY, FilikE AR5 RAMERED, R KCl 10.1 4.8 5.3 4.8
B, AR EERIC B A B 2 b\ 5 A CaCl; 3.8 1.2 0.7 1.0
TEEL D, FIEED 1 AR, BEBATLER, Mg50, 1.2 0.6 0.8
2 EHORAMERE BSS-Plus(Alcon Lab, Inc, Fort MgCl, 3.2
. . NaHCO; 25.0 | 30.0 | 25.0
WOI’th, Texas), S'MAg(ﬂ-’\ H—F ’ %%ﬂﬁﬁ- Glucose 8.3 5.0 7.5
xR, F U EENTABEAEERKTD % Adenosin 1.0
gluthathione-bicarbonate-Ringer (GBR) o f&Jgip fr Red. Glutathione 1.0
, s " . y e g Na Acetate 28.7 4.4
Sy 7 ﬁﬁ‘él«_&if&?‘“%%&_' In vitro THiFt L 727, Qs s g i 5
S—MA{’C‘;S%F&W&H“%?‘E%Lt’.%’%@ # /l/-‘l‘:#‘"/ Na Lactate
FAF VS KT HERMEE, BSS-Plus & U K:HPO, 1.0
GBR T L 7o 88 0 bt 1o b~ T, #920% 75 < Sﬁig 8.9
" . e 2% 3 Sy az 4 6.0
L*ﬂl"ﬂb‘iiﬁ:@ﬁ%ﬂ%&ﬁ D THERE R L MRz Desttran 70 (%) g
ﬁﬁﬁ‘@&? PHERLL, i, EE&LE}? g‘\;h'c L Osmolality 270.0 | 286.0 | 286.0 | 289.0
5, ROEHZRIS LT W3, RN &, pH 7.1 7.2 wE 7.2

R CRET 2512, BEXDIELEL LA,
4E, BeZkRE LR A EFR S hTw
% Balanced Salt Solution(BSS ®, Alcon Lab, Inc,
Fort Worth, Texas)®®, RUWEEEO L { BEFE
BHELVEBHNERK:E LTHEATHBE S AL
Phosphate-buffered-glucose bicarbonate dextran
Solution (BOS & B&Ff, FHEFRLEEE, HFDYToOMiE
PBIET T M- ) 7 — e L Ao E Xic
RiET#E» GBR¥=2v b r—n & LTHRE L,
Fiz, rofR%y, 50 S-MAER FTCEAE L
BRI B R ) 7 —EAE & MR & b L e,

II X% &k

1 BRAREFE

BSS, S-MA, (A ~#— FO)kiiomry L <
ALTHHA Lz, BOS BUHNIRIPFEIERME, T b iRt
S, GBRIZHIEBROEMMZHE LC#EHL A,
HERB OB 2T 1 wR L,

2 DAY TR ER

1) EEREY R UEBRSM

1% 5(6)-Carboxyfluorescein (CF) & % #% (pH
7.3, 290mOsm) %, ERBIAHICTHRE LA, 2.3~3.3
kg DHBEFEEL, <V AL r — L BERECTE
BL, MEERAREE, AE LR SIEE, Maurice %

DITHEIZHE U T, Specular microscope F D EE#E R
REC~vv L, LEM%Z> Y 2 v 442 (20cs &
BALE, BV TR -7, MRMAB L ¥ FRKcER
L, 7o EAKE S GBR T, o2l RS
GBR, fBiE% BSS, BOS i3 S-MA, CH#ER L. &
¥ GBR OB EEXH IR ER T 5 BEROF R
(BSS:pH 7.1, 270mOsm ; BOS: pH 7.2, 289mOsm :
S-MA,: pH 7.2, 286mOsm) +¢%L< 75k HicE
BBAAHTIC NaClic X b 8% L #Il5E L = (Digimatic
Osmometer ® Model 3DII, Advanced Instruments
Inc, Mass, USA),

EWEE R NRER, 2Tul/ROSTCTHY, =
¥ T #1045 T, AR X%, Specular micro-
scope FTHITE, 155 DREET, &) 2 v 1 Ak
L, CF®WZI0MRMMAEER LM, 20
CFBEERSAELHITHE L, vV avt
THEELY KK, CF & o810, 20, 30755 f
EaxRELL, 05FST, ALHBROEREY
ETEFEARL DL, CF & BRI
R EhTECERBKLESLT, FtEdThTwb
CF & (m,) #3608 (F-30005 %4 X85, |
MEBUERT, HRD KCERLE, XABESBETS



#1634 1 H10H

CF & (m.) 1%, 20cc @V vEREE I AE 4 485
M, 4 CTETFICL v, AR+ o CF ZBEERPICH
HE i, RRICEE L,

2) RN RN B

HEDAY 7 —BEOERIERCHS, CFOAK
HBYE (o) LIFOmM Bl S hpe,

m.=(m.+m;) exp (—Keca * t) --oereeeere (1)
Pac = Kecaleareemeemreesmnmesmsmnmnessmaniin (2)

keal?, CFOBAK—AERTERE  r.2AE—F
KOG (1.29)7, qIAEE X t AREHTH . q
i3, 10, 20, 3075 O MEE O P % B L, Hic Silicone
oil tAELORIFROEGEFHIET S8, FThic
0.91%F iFicb DAEHH LY,

t & LTH304 & b CF AR EBAT 5RO
725,55 AU P®,

3 | A RRR R

2 LAAECHARREORRAHEL, AEER
# %8 L 72\~ T perfusion chamber 12 @l L 7z LL 4+
kL, BIAD & ARG T, 4 BFRIEE L 2P, 304, 1,
2, 3, 4FEEwcHBENE X%, Specular micro-
scope DB & LMl v + % B b DI fHu
TcHBOEI DHEIE, TO5EOFEEERXS > TED
A TOAMREX & L, ARBEEER Bcof
Biekd 2 B2 oFEEICEREMREDHTED, &
oEELHEM L,

4 AN LA T RERE

%x DETHFO AL A A+ EEY, AL
v &4 v ERE(Model 8203-06T, JRBHIERT, HHED
2T, 200C I CHIE L7, GBR 1337 L < fEBL L 1B,
BOS, S-MA,, BSS it LcE#IKC, £459% 7
AW THRIE Lz,

IIT &5 -

1) AR 7—HEENTER (2 ~58R)

GBR (%£[R) —GBR (FH), GBR-BOSETIZ, #
b omEE s, & CF#5&(m.+m,), m,/(m.+
m,) kb, Pu.%4T® parameter fEfJICEREZ Lz
Mot (R 2R U4)., XGBR, BOS TElizhzA
licit, CFE&EEAR#E10, 20, 3070kt
E X CHEER R TC,

GBR-S-MA,MTi2, BCF# 5 &, ERbAEES
i, MEETER Lo, my/nc+m;) H,

Puld SMA, CHEHR Eh il cERICHE< (paired t-

test, p<0.005) XEzhbo S-MA,/GBR L, 1.22+

HHEF M ARAERE O BEAE-S ) 7 —BEE - ;R
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#2 cAifabia GBRIEWR T o ABEAEESH

GBR (HlR) GBR (£HR)
me (pg) 4.98+ 0.44 4.87+ 0.34
m, (pg) 1.18:% 0.17 1.16+ 0.14
m,/(me+m,) 0.19+ 0.03 0.19% 0.03
RELE 1.02+0.15
A s (pm) 371 £10 374 +15
Pic (X107%/%) 3.71% 0.56 3.76+ 0.50
mAEA 1.03£0.17
Osmolality (mOs) 286 £ 4 286 =+ 4

me D EERE T REEBRICEAE L R,
m, R BT L - BRE,
Pac : AP BOEAY: R,
Osmolality (.45 4 i o SE 5 BAGATE §] JIE 5.
F¥#+SD, N=T.

®3 FRAKGBR, HHMAES-MAERTo,

FAREL 4 B E b B A R

GBR S-MA,
me (pg) 5.45+0.83 5.25+ 0.83
my (pg) 1.19+0.17 1.45+ 0.24
m, /(me+m,) 0.18%0.03 0.22+ 0.02**
S-MA2/GBR i 1.28+0.15*
APREE (um) 379 +8 388 +27
Pac (x10-4/43) 3.8840.70 4.83+ 0.56**
S-MA:2/GBR 187017

Osmolality (mOsm) | 287 =2 286 =T 1

* Unpaired t-test, p<0.025 (3 2 offi & © H#)
** paired t-test, p<0.005
B EizowTiiR 28, FHLSD, N=7,

F4 FRAEGBR—HRMEBOSEH T o

FAIBL P B 5 @ T T S

GBR BOS
m (ug) 5.03+ 0.40 5.04t 0.43
my, (ug) 1.13%+ 0.20 1.13+ 0.30
m,/(mc+m,) 0.19% 0.02 0.18% 0.04
BOS/GBR it 0.97+0.21
AEE X (gm) 379 +28 365 +23
Pac (X1074/43) 3.93+ 0.45 3.67+ 0.84
BOS/GBR 1 0.95+0.26

Osmolality (mOsm) | 288 =+ 2

\ 289 =1
BB oW T3k 2 28, F#HLSD, N=7,

0.15 (N=7, SD), 1.27+0.17 (N=7, SD) X GBR
TERLI-HNEOERKEL.02+0.15 1.03+0.17X 9
% 4« B EICE D - 7 (Unpaired t-test, p<0.025) (F
3.
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FAR P B A T S
GBR BSS

me (pg) 5.10+ 0.90 4.62% 0.31
m, (ug) 1.20+ 0.38 1.07+ 0.17
m, /(me+m,) 0.19+ 0.05 0.19+ 0.03
BSS/GBR k 1.03+0.22

L & (pm) 408 +39 396 +23
Pae (X10°%43) 4.14+ 1.64 3.87+ 0.66
BSS/GBR }; 1.02+0.28
Osmolality (mOsm) | 271 + 2 [ 270 + 1

BEBIConTIlR 288, ¥iHESD, N=7,

®6 HEEWRRT O AR REE

R AR EEE (pm/hr)

BSS 40+ 8

S-MA; 40t 1

BOS 172

GBR 9+ 2

F#H+SD, N=4,
600
oy
w
w
@
[
S 5001
.f:.:
o
c
5 4001
0 1 2 3 4
time (hr)

F1 #EFECELFO, ABEEEEE. A:BSS,
0:S-MA,, =: BOS, @ : GBR (*¢#+£SD, N=4)

GBR-BSS HITiL, &4 kii<7 » — 4 -MicHE
Ewhirhotc (FED b1

LA L BSS Tt O HER 2T CF &L ok
W5 ToOE L, R3304 TofEoMIc S 7 EH15
wm BIB# 4 %, B ftoTu 7 (paired t-test, p<
0.01),

2) AEERGMERREE (M1, £6&H)

BSS & SSMAER FClABEBEEEERICE LA
Lhich - e, BOS, ik GBR #ift T © o ki

HERSEE 2% 1%

®7 FHEEwhoCat 1+ v HIERES,

M | BE s hi-Ca? E (mM) | BFldhogCakl (mM)

BSS 0.68+0.01 3.3

S-MA; 0.27+0.00 1.9

BOS 0.31+0.01 1.0

GBR 0.55£0.01 0.7
F#+SD, N=5,

EEE, ThbXhEEiL)&E, XBOSERTXIY
GBR &R FCoABEREMEE O, EET &
7z. (Unpaired t-test, p<0.005),

3) ALTLITALF CREORE (FTER

FBEMBERDO AL > 9 AL A BRI, FRERI
Zbhiz®& El) 1h, MhdbErat, X, An
¥ A+ RER, S-MA, BOS, GBR, BSS ©JF
A& A - Tz,

IV %

GBR KU S-MA,#ift FT® CF gk fdka s
W, DANCHE SRR L XL, FhiH
BT HLDOTH -7, Blb S-MA, THET S AP Bl
fawk, GBR ¥ Tickh~#925%, CF iohtL @k
DECHED A ) 7 — Bl ES L LT B L E
btz LaL BSS, B0 BOS #Eif F o CF oA
AR, GBRIER T &, E2EDTLEOEMT
T, WEREE S, AE) 7 - LT,
GBR LAETHHEIREINI.

—7, HEEERONETE, FREEE 0k
EHEHhic, Bl BSS & S-MALIL, R EEEIL
&<, BOS - hick® GBR 2\ b/ &dnts, =
DA BSS, BOS, GBR iz 2o\ TOfSEE L, fknifs
X {—HLTwieM, KESoHEN L, S
MA,+F T8 RRlIch o h £AEEX F v Fa~— 1 L
eBE, AEOESKRIFKBA LB LRV, BSSH
TA v F a~—} LEBERS0% WINT5 L 2hT
W5, SEOERELETTO S-MALER T ToOEKE
BRI BSS L BIFELL, LHioWEYEAEx <&
WS TWAR, ZoRVOFEREZ, £AEY S-MA,
FTCICTA vFa— b LEKESZDOERYE, B
BERlDH % S-MA, T3TC TR LS E0RE & o,
HERREMHOE T B LT3 L b 2B AN
EEbLE L%, BSS &i#Ly, SMA,, FlES
KEOMRIZARTREEND, Fra—2, FEEA A+
»990IDE BOS %2 GBR & B IERBICEA TS D
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-, EON EEEOHEEE I, BSS ITh~EICHE
FlicxFThb s, Fhic b3 BSS BT &%
CEMNIZ BRI - fo B H L, BSS I Tickk~T,
MO 7 —EEPMYE T LTk D, —F BSSEIRT
Tk, SMAERTCENTAHEO X Y 7HEMET
LT B, £/, £y 77— 7 —#iEoffL
LT, EZhsfks LTidifth-fefcdbEZLA
50D (B, S-MAERT CofBEOE S &,
M1 SDIEX W4 amL, Bic 2B L b ok
Wzt b i bonTwWAHB A bR,
CoOEREG, BATERLDY, FEAAY 7 —EENE
E XN FENKOFANE L TWEES, BHx0H
BRI AHEDE Y FEEO TRIEEDED, L
o X hRENTRE DD EELLN A,

AR EoMamEEs, Bb 0 7 —#EIE R
13, B O Ca?* H3RT K TH h o), FEDE
KBHEFDHIZIE, 0.3mEq AL EREREL SH
e

LHEoERES O Ca** &%, BSS, BOSKUS-
MA, Tix Ca** 232 = vEETH v — b 2R b 49, Lik
BOS, GBRTiX) vEEAA > v &L LTkicbhT
WA ih b oBETYAFIALCELDY, B
MfED ots, L LEd Ca¥ ®EAME D - 72 S-MA,
©$0.54mEq(0.27mM) &, EEEBEEE IR KE <
FEl-T w5 % BOSH @ Ca**40.62mEq (0.31
mM) & S-MA, 0 Ca>*BEBALRLE-TCD
#59°, BOS &M F Tk CF AR ERMEIHEML T
DrotemEL D, Bz Ca*BEDORD, SMAICLS
CF o EHEBMHEINCEBE Lt ZE L BRIRV,
S-MA,Dftio K & 7o B o & LTk, BOS,
GBRIEZEETATWB Y VBB A v & EENRE, 7
= vEBRBENRENSVESAETORE, LL,
BSS k) vBA  +vELL ST, o2 = vERE
BES-MA XV LARWEAHLTHEAY T —
BEE T xR - FL D HEAI X 50,
=) vEE4 A Vv EBEDO LRI O LT, S-
MAER F o) 7 — EaEE (LA B T & v, BE
OFF, S-MAERTFORE- ) 7 —HEREOFKE
3, TEE VBB RET, NES ) 7 B L ER
WOMBEEL T, FCBRHTHIUNE DD LEER
bihb,

PEEOWER S, GBRIZ, ®mbABRAESY
7 R UCAEEOE S oL T, EhTu
7%, ABWOBREERE, FF2EE T8

AT FIERPI BT O IR RS ) 7 — HREE - FTRAL
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235 0, BIEEOHT, RFITHTITERE Lo BSS,
S-MA, HE IR TREM: & LTo BOS #ffHe X
Ex@huvornBlRkchds, LEZERED S B, S
MA, X E - ) 7 — i RE#ERF o 20T, BSS 12K D
R0 MEFF o Y CRIEY S D L E 2 b, BOS
i, T0 200 CHRENAKENDGERLEELZLOR
5, LOLEBFRCAVILhHI- T, 2HKEK
omELARLERBICANGLENED, SEBANETF
MoOEH LTS AEEEDDH S, KbFEFALHT
izt s, FIEFOREREME, LeBRERE
L TEEE RAHII CHABRT WS, EHEE,
&« oRENEREYAGT, BEEREBONENT
MR R BE Lz, BOS b [IERENE L, K
W S-MA,, BSSOIEThArEEZRH LA,

LSEBLRER RY, hoSBREOCLALE
&35 &, BSS, S-MA,, BOS fifiid, RAEEEM
EAERE & XS V8, Zic, X b ARARICE
Epdrd, LERINCER LS VEAERBEOERED
EHABEINTWDEELLRS,

W, BAAMIRNEREEOMEREO o, CF Off
A EHEBEREE, HFLu—o0Leticl+2 <
FA—g—%, RETHILIOTHLLEERS,
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