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Abstract

PURPOSE. To investigate the regul ati on of an adenosi ne agoni st,
2-5’-N-et hyl car boxam doadenosi ne (NECA) on the outward active
transport of fl uorescei nacrossrabbit bloodretinal barrier (BRB).
METHODS. Pi gnented rabbits were given an intravitreous injection
of various concentrartions of NECA or phosphate buffered saline
(PBS). Sodiumfluoresceinwas intravenously injected 180 m nutes
after NECA injection. Differential vitreous fluorophotonetry
(DVF) was performed180m nutesafter i ntravenousi njectionof sodi um
fluorescein to neasure fluorescein (F) and fluorescein

nmonogl ucur oni de (FG concentrationsinthevitreous. TheF/ FGratio
was cal cul ated as an indicator of the estimated outward active
transport of the BRB. Retinal detachnments were experinentally
produced by injection of PBS into the subretinal space.
Experinmental solutionor PBSwereinjectedintravitreally, andthe
size of blebs was nonitored under masked conditions.

RESULTS. In eyes with intravitreal injection of high dose NECA,
F/IFGratio was significantly | ower when conpared with in controls
(p<0.05), but ineyesw thl owdoseinjectionthat was hi gher (p<0. 05).
The effect of high dose NECA on F/FGrati o was suppressed by the
Al recept or ant agoni st, 8-cycl opentyl -1, 3-di propyl xant hi ne ( CPX)

and the effect of | ow dose NECA was suppressed by the A2 receptor



ant agoni st, ZM241385. The A3 receptor antagoni st MRS1191 di dn’t
have an influence on the effect of high or | ow dose NECA
Intravitrteal injection of high dose NECA enhanced t he renoval of
subretinal fluidwhenconparedwithintravitrteal injectionof PBS
al one.

CONCLUSIONS. These data suggest that intravitreous injection of
hi gh dose NECA accel erate the active outward transport of the BRB
via Al receptors and | ow dose NECA decel erate it via A2 receptors,

and A3 receptors don’t contribute to the regulation of it.



Introduction

Adenosi nei sapurinenucl eosidethat i sinvovedintheregul ati on
of several cellular processes. In the eye, it induces the

i ncreaseof retinal bl oodfl ow, thevasodilationof retinal bl ood
vessels, the regulation of intraocular pressure, and the

4 Adenosi ne activates

pronoti on of corneal deturgescence.’
threecharacterizedreceptorsontheextracel |l ul ar surface (Al,
A2, and A3) and regul ates each action.®> Al and A2 receptors
are coupl ed to adenyl ate cycl ase; Al receptors inhibit it, on
the contrary, A2 receptors stinmulate it.® A3 receptors are
negati vely coupled to adenyl ate cyclase and al so coupled to
phosphol i pase C.” A3 receptors are presently under study in
order to better understand their physio-pathol ogi cal
functions.® Adenyl ate cyclase activity causes cyclic AW
(adenosi ne nonophosphate, cAMP) production, and cAMP bl ocks
wat er novenent across retinal pignent epithelium
(RPE) - choroi d. ® 1°

We al ready denonstrated that the F/FG rati o obtai ned by
differential vitreous fluorophotonetry (DVF) that neasures F
and FG concentrations in the vitreous sinmultaneously m ght be

amarker toestimte the outward transport of the bl ood-retinal

barrier (BRB).!%!? The fluorescein (F) is metabolized to



fl uorescent conjugate, the fluorescein nonogl ucuroni de (FG .3
Fand FGinthe vitreous are transported out of the eye t hrough
BRB by passive and active transport, but the active conponent
for FGis nuch small er than for F.'*!® This suggests that F/ FG
ratioreflect theoutward active transport function of t he BRB.
The lowF/ FGratioindicates that the outward active transport
functionof the BRBis high. The highF FGratioindicatesthat
the outward active transport function of the BRB is | ow

In this study, we intravitreously injected non-sel ective
adenosi ne receptor agoni st 2-5’-N et hyl carboxam doadenosi ne
(NECA) in rabbits and explored the regul ati on of NECA on the
outward active transport of fl uorescei nacross rabbit BRBusi ng

DVF.

Materials and Methods

Animals

Dut ch- bel ted rabbits wei ghing about 2.5 kg were used.

Pent obar bi t al sodi um(40ng/ kg) and ket am ne hydr ochl ori de(10ng
/kg) were admi ni stered intranuscul arly for general anesthesia
of therabbits. The aninmals were treated accordingtothe ARVO

St at enent ont he Use of Ani mal si nQpht hal m ¢ and Vi si on Resear ch.



DVF

The Fluorotron Master (CcuMetrics) was nodified by replacing
the single excitation |light source with a dual blue
light-emtting di ode (LED) assenbly. The conputer-controlled
sof t war e was desi gnedtotake 10- nsec fl uorescencereadi ngswi th
each LED; the val ues then were convertedtothe fluorescein (F)
and fl uorescei n nonogl ucuroni de (FG concentrations usingthe
met hod of McLar enand Br ubaker, *"andt he F/ FGr ati owas cal cul at ed
fromthe concentrations of F and FG obt ai ned by DVF as an i ndex

of the outward active transport function of the BRB. 12

Effect of adenosine agonist, NECA on the F/FG ratio

0.1m of variousconcentrations 1x 10°°M(n=6), 1x 10 *“M(n=12),
2.5x 10°*M(n=4), 5x 10°*M(n=6), 1x 10 *M(n=6) or 2x 10 *M(n=8)

of non-sel ective adenosi ne receptor agoni st,

2-5’-N-et hyl car boxam doadenosi ne (NECA) or phosphat e buffered
solution (PBS) (n=10) was injected into the vitreous cavity.
50ng of sodi umf | uor escei nwasi ntravenousl yinjected180m nutes
after NECAinjection. Differential vitreous fluorophotonetry
(DVF) was perforned 180 m nutes after i ntravenous i njection of
sodiumfluorescein to measure F and FG concentrations in the

vitreous. Ceneral anesthesia was undergone just before DVF.



The intravitreal injection was perfornmed under topical

anest hesi a.

Effect of Al, A2, and A3 antagonist on the F/FG ratio

0.1m of 1x 10°3M8- cycl opentyl - 1, 3- di pr opyl xant hi ne (CPX), t he
Al-sel ective ant agoni st, ZM241385, t he A2- sel ecti ve ant agoni st ,
or MRS1191, the A3-selective antagonist, were injected
intravitreously. Sixty mnutes after the injection, 0.1m of
1x 10" °M(| owdose group: CPXn=7, ZM241385 n=7, and MRS1191 n=4)
or 1x 10°3M( hi gh dose group: CPX n=8, ZM241385 n=3, and MRS1191
n=4) NECA was injected intravitreously. 50ng of sodium
fluorescein was i ntravenously injected 180 m nutes after NECA
injection. DVF was performed 180 m nutes after intravenous

i njection of sodiumfluorescein.

Effect of high dose NECA on experimental retinal detachment

1x 103M hi gh dose NECA or PBS was injected intravitreously to
rabbit eyes (n=4, respectively). Sixhoursaftertheinjections,
experinmental retinal detachnents were nmade as descri bed

8 Inbrief, aglassmcropipettewithtipdianeter

previously.?
of 30-40 p was advanced through a sclera slit, and across the

vitreous, to penetrate the retina in the posterior pole.



| medi ately upon entiring the subretinal space, 100 ul of PBS
wasinjectedbygentleair pressuretorai seadone-shapedreti nal
detachnment (bleb). After subretinal injection, the inmages of
experinmental retinal detachnents were nonitored using HRA

(Hei del ber g Reti na Angi ograph). The apparent bl eb si ze ei t her

i ncreased or decreased nonotonically as judged by the

experimenter using the seven rank scale (0 =+ 3) reported

previ ously. 1°

Ranks wer e assi gned by observing the change in
apparent bl ebsi ze between0and 120 nm ni utes after theinjection
by masked observer. A rank of -3 neans that the retinal bleb
was apparently fl attened, -2 neans that the retinal bl eb shows
decrease in size 50-90% -1 neans that the retinal bleb shows

decrease in size 1-49% and a 0 rank neans that the apparent

bl eb size was unchanged.

Statistical Analysis
Al'l conmpari sons betweent hegroupswereperfornmedfor statistica
anal ysis to use the Mann-Wiitney U-test. P value of 0.05 or

| ess than 0.05 were considered statistically significant.



Results

Effect of NECA on the F/FG ratio

In the eyes with the intravitreous injection of NECA the
concentration fromb5x 100*“Mto 2x 10°°M F/ FG rati os were
significantlyl ower conparedwi ththeeyeswi ththeintravitreous
i njection of PBS (p<0.05). Wereas, inthe concentrationfrom
1x 10°Mto 1x 10°*M F/FGratios were significantly higher
conpared with the injection of PBS (p<0.05). There was not

significant difference between the effects of 2.5x 10*M NECA

and PBS on F/FGratios. (Figure 1)

Effect of Al, A2, and A3 antagonist on the F/FG ratio

The i ncreased F/FGratio i nduced froml ow dose NECA (1x 10°°M
injection was significantly inhibited by the injection of A2
sel ective antagoni st ZM241385, but CPX injection or MRS1191
injection did not influence the increased F/FGratio i nduced
froml owdose NECAinjection (Figure 2). Onthe contrary, the
decreased F/FG ratio induced from hi gh dose NECA (1x 103M)
injection was significantly inhibited by the injection of Al
sel ective antagoni st CPX, but ZM241385 injection or MRS1191
injection did not influence the decreased F/FGratio i nduced

from hi gh dose NECA injection (Figure 3).



Effect of high dose NECA on experimental retinal detachment
Ineyeswithintravitrteal injectionof 1x 10 3Mhi gh dose NECA,
subretinal bleb showed decreasing in size (Figure 4),
consequently flattened at 120 mi nutes after the procedure of
subretinal bleb formati on, whereas in the control eyes,
subretinal blebtendedtobesnal| decreaseinsizeat 120 m nut es
after the procedure of subretinal bleb formation. Theresults
summari zed in Figure 5 show a significant difference between

the two groups (p<0.02).

Discussion

The nmechani sm of resolution of subretinal fluidis not fully
understood. Therearemnytransport pat hways whi chcontribute
to flui dmovenent across RPE. 222 |t has been reportedthat the
adm ni strati ons of NECAact onseveral functionsviaAlreceptors

or A2 receptors in the eye. ">232

It was previously reported
that a high | evel of endogenous adenosi ne has been

i mmunocytochem cally | ocalizedtothe hunan RPE usi ng specific
anti sera agai nst adenosi ne and RPE contai ns an adenyl ate

25, 26

cycl ase. Adenosi ne agoni sts activate adenosi ne receptors

ont he RPEandr egul at e cAMPwhi chi s produced by adenyl at ecycl ase



accurul ati on and bl ocks api cal to basal water novenent across
t he RPE.°

Adenyl atecycl aseont heRPEcel | si sinfluencedbyinhibitory
(G) and stimulatory (Gs) GIP-binding proteins. Al binds to
G, but A2bindstoGs. Therefore, Alreceptorsinhibit adenyl ate
cycl ase, onthe contrary, A2receptors activateit. Cyclic AW
i s increased by adenyl ate cycl ase activation. It controls the
chem cal conposition and the vol une of the subretinal space,
whi ch prevents the absorption of retinato choroids.® ' qur
results indicate that the intravitreal injection of high dose
NECAactivatestheoutwardtransport of the BRBandtheinjection
of | ow dose NECA inhibits it. Furthernore, high dose NECA
accel erate the outward transport of the BRB via Al receptors
and | owdose NECAdecel erateit viaA2receptors, and A3receptors
don’t contributeto the regul ati on of active transport of BRB.

Previ ous reports have denonstrated that NECA has nore
affinity for A2 receptors than Al receptors, 2’ sointravitreal
i njection of | ow dose NECA mainly activated A2 receptors and
decel erate the active transport function of the BRB, whereas,
hi gh dose NECA i njection activated both Al and A2 receptors,
but phenotype is related with Al receptors and accel erate t he

activetransport function of the BRB, then experinental retinal



det achnment was r educed by hi ghdose NECAIi nj ectionsi nt hi s study.
The ef fect of NECA on the active transport function of the BRB
via Al receptors nmay be stronger than that via A2 receptors.
The further research may apply these findings to therapeutic

approach for subretinal fluid such as retinal detachnent.
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Legends

Figure 1. Effect of NECA on the F/FGratio. The F/FGratios
of NECAwer esignificantlylower from5x 10*“Mt o 2x 10 3M wher eas
t hose were significantly higher fromix 10°Mto 1x 10 *M when
conparedwithPBS. Dataaretheneanz SD(standarddeviation).

Significant |ow (p< 0.05) when conpared with PBS.

#Si gni ficant high (p< 0.05) when conpared wi th PBS.

Figure 2. Effect of Al, A2, and A3 antagoni st onthe F/FGratio
after | ow dose NECA adm nistration. The F/FGratio of A2
sel ective ant agoni st ZM241385 i nj ect ed group was si gnificantly

| ower than that of eyes with |l owdose NECAinjection. Data are

themean+ SD(standarddeviation). Si gni ficant | ow(p<0.05)

when conpared with | ow dose NECA al one.

Figure 3. Effect of Al, A2, and A3 antagoni st onthe F/FGratio
after high dose NECA adm nistration. The F/FGratio of Al

sel ecti veant agoni st CPXi nj ect edgroupwas si gni fi cantly hi gher

t han t hat of eyes wi t h hi gh dose NECA i nj ecti on. Si gni fi cant

hi gh (p< 0.05) when conpared with high dose NECA al one.

Figure 4. I mage of experinental retinal detachnent nonitored



using HRA. (A Imediately after formati on of experi nental
retinal detachment ineyewithintravitrteal injectionof high
dose NECA. (B) At 60 mi nutes after the procedure in the same

eye, subretinal bleb showed apparently decreasing in size.

Figure 5. Effect of high dose NECA on experinental retinal
detachnment. Rank of gradi ng scale for decrease i n subretinal
bl eb size was significantly smaller ineyeswithintravitrteal

i njection of high dose NECA than that in controls (p<0.02).
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