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Abstract: We assessed the function of Endothelin-1 (ET-l) in the development of anterior 
chamber inflammation in pigmented rabbit eyes. After the injection of ET-1 solution (10-13, 
1O-11, 10A9, or low7 M, diluted with 300 FL of artificial aqueous humor) into the anterior 
chamber, the aqueous protein concentration (APC) increased significantly in a dose-depen- 
dent fashion. Peak effects were observed l-2 hours posttreatment. The APC returned to nor- 
mal 12 hours after the injection. Pretreatment with antiprostaglandin agents, topical in- 
domethacin, or intravenous diclofenac sodium suppressed the increase in APC. In an 
endotoxin-induced experimental uveitis model, the ET-l concentration in the aqueous hu- 
mor was significantly higher than in normal controls, as was the plasma ET-1 level. These 
results suggest that ET-l is an important mediator in ocular inflammatory reactions via 
arachidonic acid cascade. Jpn J Opbtbalmol 1997;41:150-153 0 1997 Japanese Ophthal- 
mological Society 
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Introduction 
Endothelin-1 (ET-l) is a potent vasoconstrictive 

peptide isolated from a conditioned medium of cul- 
tured porcine aortic endothelial cel1s.l In ocular tis- 
sues, endothelin receptors occur in the iris, ciliary 
body, retina, and choroid and cornea1 endothe- 
lium.2,3 ET-l is reported to regulate the chorio-reti- 
nal circulation,k7 functions as a growth factor in the 
cornea1 endothelium8 and epithelium,9 and influ- 
ences the intraocular pressure, pupil size, and aque- 
ous protein concentration (APC).7,10,1’ The pattern 
of changes in the APC after injection of ET-l into 
the anterior chamber, however, has not been stud- 
ied. It is also reported that ET-l is a potent agonist 
for arachidonic acid and eicosanoid synthesis, and 
that arachidonic acid is released from phosphoinosi- 
tides mainly through activation of phospholipase A2 
in the rabbit iris sphincter12; however, its influence in 

Received: September 4,1996 
Address correspondence and reprint requests to: Nobuyuki 

SHOJI, MD, Department of Ophthalmology, Musashino Red Cross 
Hospital, l-26-1 Kyonancho, Musashino-shi, Tokyo 180, Japan 

Jpn _I Ophthalmol41,150-153 (1997) 
0 1997 Japanese Ophthalmological Society 
Published by Elsevier Science Inc. 

the arachidonic acid cascade in anterior chamber in- 
flammation is not clear. 

In this study, we documented the pattern of APC 
response to the injection of ET-l to analyze the ef- 
fect of this peptide in anterior chamber inflamma- 
tion. The influence of antiprostaglandin agents on 
the effects of ET-l was also assessed. In addition, we 
measured the concentration of ET-l in the aqueous 
humor in an endotoxin-induced experimental uveitis 
model. 

Materials and Methods 
Experimental Animals 

Normal pigmented rabbits of either gender were 
used (body weight: 1.5-2.5 kg). All experimental 
procedures were in accord with the Association for 
Research in Vision and Ophthalmology (ARVO) 
resolution on the use of animals in research. Rabbits 
were anesthetized with an injection of a solution of 
5% pentobarbital sodium: 0.5% chlorpromazine hy- 
drochloride = 1:2) 1 mL/kg body weight intrave- 
nous 30-60 minutes before the procedures. 
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Experimental Procedure 
Artificial aqueous humor (Opegard@ MA, Senju 

Pharmaceutical, Osaka) was used to dissolve the ET-l. 
The concentration of the ET-l solution was adjusted 
to lo-‘, 10p9, lo-“, and lo-” mol/L when 10 FL so- 
lution was diluted with aqueous humor to a volume 
of 300 ~J,L. After topical anesthesia with 0.4% oxybu- 
procaine hydrochloride ophthalmic solution (Santen 
Pharmaceutical, Osaka), 10 FL ET-1 solution was in- 
jected intracamerally into one eye using a microsy- 
ringe with a 30 gauge needle. The same amount of 
vehicle was used in the other eye. 

Experiment 1 
In 10 rabbits, the APC was measured with a laser 

flare-cell meter (FC-1000, Kowa, Tokyo) and the 
photon count was converted to an albumin concen- 
tration.” Measurements were recorded before the 
injection of ET-l and 0.5, 1,2,4, 8, 12, and 24 hours 
thereafter. If aqueous humor leaked from the injec- 
tion site, or the iris or lens was damaged by the nee- 
dle, the animal was excluded from the study. 

Experiment 2 
The influence of pretreatment with antiprosta- 

glandin agents on the effects of ET-l was investi- 
gated in 15 rabbits. Group A (n = 5) received an in- 
jection of ET-l only. Group B (n = 5) were pretreated 
with topical indomethacin before the ET-l injection. 
Group C (n = 5) were pretreated with an intrave- 
nous injection of diclofenac sodium before the ET-l 
injection. In group B, the application of topical in- 
domethacin (Indomelol@, Senju Pharmaceutical, Os- 
aka) to both eyes was begun 2 hours before the in- 

jection of ET-1 or vehicle solution and repeated 
every 30 minutes until 30 minutes before ET-l injec- 
tion. In group C, the diclofenac sodium (20 mg/kg 
body weight) solution was injected into a vein 30 
minutes before the injection of ET-l or the vehicle 
solution. Three different concentrations of ET-l 
(10e7 mol/L, lo-” mol/L, or 10pu mol/L) were used. 
Changes in APC were measured as in experiment 1. 

Experiment 3 
Experimental uveitis was induced in 10 rabbits by 

injecting lipopolysaccharide W.S. Thphimurium so- 
lution (2.5 pg/kg body weight) into the vein. Two 
hours later, the APC was measured with the laser 
flare-cell meter and aqueous humor was collected 
for measurement of ET-l concentration. Aqueous 
humor collected from both eyes of a rabbit was 
mixed and the ET-1 concentration was determined 
by a sensitive sandwich enzyme immunoassay.14 An- 
other 15 rabbits served as controls. In four randomly 
selected rabbits from each group, the plasma ET-1 
concentration was also determined just after collect- 
ing the aqueous humor. 

Results 
There was no fibrin reaction seen on slit lamp ex- 

amination in any eyes; flare intensity was uniform in 
all anterior chambers. 

Experiment 1 
The conjunctiva was slightly hyperemic in the lo-’ 

and 1O-9 mol/L groups. Injection of ET-1 (10e7, lo-“, 
lo-“, and lo-l3 mol/L) increased the APC in a dose- 
dependent fashion, with peak effects observed 1-2 
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Figure 1. Changes in APC after the injec- 
tion of ET-l into the anterior chamber. 
APC increased significantly with peak ef- 
fects l-2 hours after ET-1 injection (P < 
O.Ol** or P < O.OS*). ET-1 effect was dose- 
dependent. APC returned to normal 12 
hours posttreatment. n = 10 each. Mean 2 
SE. 
0 lo-’ mol/L ET-l. 
0 10m9 mol/L ET-l. 
A lo-” moVL ET-l 
0 lo-l3 mol/L ET-l: 
X vehicle. 
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hours posttreatment (Figure 1). The APC returned 
to normal 12 hours after the injection. Peak values of 
APC were 1909.4 + 221.7 (mean 2 standard error) 
mg/dL in the 10m7 mol group; 1744.4 + 64.6 mg/dL in 
the 10m9 mol/L group; and 654.6 + 98.5 mg/dL in the 
lo-” mol/L group. In the lo-l3 mol/L group, there 
was no significant increase compared to the vehicle- 
treated group. 

Experiment 2 
No hyperemia of the conjunctiva was observed on 

slit lamp examination in any rabbits. Both topical in- 
domethacin and intravenous injection of diclofenac 
sodium almost completely suppressed the ET-l ef- 
fect on APC (Figure 2). 

Experiment 3 
The APC prior to collection of the aqueous hu- 

mor in the endotoxin-induced uveitis (EIU) group 
(1502.2 + 141.1 mg/dL, mean + standard error) was 
significantly higher than in the normal group (27.5 2 
1.5 mg/dL) (P < 0.01, Student’s t-test). The aqueous 
ET-l concentration in the EIU group (3.74 + 0.15 X 
lo-‘* moVL) was significantly higher than in the nor- 
mal group (2.35 2 0.09 X lo-‘* mom) (P < 0.01). 
Plasma ET-l concentration was 9.1 ? 0.8 X lo-l3 
mol/L in the EIU group and 6.3 ? 0.9 X lo-l3 mol/L 
in the normal group. Aqueous ET-l concentrations 
were 1.5-3.9 times higher than the corresponding 
plasma levels. 

Discussion 
In the current study, we determined the pattern of 

change in the aqueous protein concentration (APC) 
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after the injection of ET-l into the anterior chamber 
and found that the APC increased significantly in a 
dose-dependent fashion. Peak effects were observed 
l-2 hours posttreatment and values returned to nor- 
mal at 12 hours. MacCumber et al* reported that the 
APC elevated 48 hours after injection of 2.5 pg of 
ET-l into the anterior vitreous. Granstam et all1 re- 
ported that the intracameral injection of ET-l at 
pmol doses caused a dose-dependent rise in intraoc- 
ular pressure and an increase in protein concentra- 
tion in the aqueous humor, indicating a breakdown 
of the blood-aqueous barrier. They also reported 
that injection of 4 pmol ET-l into the anterior cham- 
ber increased prostaglandin E2 (PGE2) concentra- 
tion in the aqueous humor, and the effects of ET-l 
were to a large extent mediated by arachidonic acid 
metabolites.10 In the current study, APC increasing 
effect of ET-l was blocked by the antiprostaglandin 
agent, suggesting participation of ET-l in anterior 
segment inflammation. Abdel-Latif et al’* reported 
that ET-l was a potent agonist for arachidonic acid 
release and eicosanoid synthesis in the rabbit iris 
sphincter and that arachidonic acid was released 
from phosphoinositides mainly through activation of 
phospholipase AZ. In our current study, we assessed 
only anticyclooxygenase agents, topical indometha- 
tin, and intravenous diclofenac sodium. The influ- 
ence of antilipoxygenase agents on the effects of ET- 
1 should be investigated in future. 

The normal concentration of aqueous ET-l in the 
rabbit eye has not been documented. In our experi- 
ment 3, the aqueous ET-l concentration in the en- 
dotoxin-induced uveitis (EIU) group (3.74 + 0.15 X 
10-l* mol/L) was significantly higher than in normal 
group (2.35 + 0.09 X 10-i* mol/L). It was 1.5-3.9 
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Figure 2. Pretreatment with antiprostaglan- 
din agent and APC changes. Effects of ET-l 
on APC were blocked by pretreatment with 
antiprostaglandin agents. IND: topical in- 
domethacin. DF: intravenous diclofenac so- 
dium. n = 5 each. Mean ? SE. 
A IND + lo-” mol/L ET-1 
W IND + 10m9 moYL ET-l. ’ 
0 IND + 10m7 mol/L ET-l. 
A DF + lo-l1 mol/L ET-l 
??DF + 10e9 mol/L ET-l.’ 
0 DF + 10e7 mol/L ET-l. 

0 0.5 1 2 4 8 12 24 

Time (hours) 



N. SHOJI ET AL. 
ET-1 AND INTRAOCULAR INFLAMMATION 

153 

times higher than the corresponding plasma level in 
both the EIU and normal groups. Lepple-Wienhues15 
measured endothelin-like immunoreactivity in the 
human and bovine aqueous humor and reported 
concentrations 2-3 times higher than the corre- 
sponding plasma levels. These reports indicate that 
the increase of aqueous ET-l concentration was not 
due to leakage from a vessel, but to the increased 
production of ET-l in the ocular tissues. This study 
suggests that ET-l is an important mediator in the 
ocular inflammatory reaction via arachidonic acid 
cascade. 

6. Nyborg NCB, Prieto D, Benedito S, Nielsen PJ. Endothelin-1 
induced contraction of bovine retinal small arteries is revers- 
ible and abolished by nitredipine. Invest Ophthalmol Vis Sci 
1991;32:27-31. 

7. Ramachandran E, Frank RN, Kennedy A. Effects of endothe- 
linon cultured bovine retinal microvascular pericytes. Invest 
Ophthalmol Vis Sci 1993;34:586-95. 

8. Cholet P, Malecaze F, Gouzi L, Arne JL, Plouet J. Endothe- 
lin-l is a growth factor for cornea1 endothelium. Exp Eye Res 
1993;57:595-600. 

9. Takagi H, Reinach PS, Tachado SD, Yoshimura N. Endothe- 
lin-mediating cell signaling and proliferation in cultured rab- 
bit cornea1 epithelial cells. Invest Ophthalmol Vis Sci 1994; 
35~13442. 

References 
10. Grandstam E, Wang L, Bill A. Effects of endothelins (ET-l, 

ET-2 and ET-3) in the rabbit eye: Role of prostaglandins. Eu- 
ropean J Pharmacol1991;194:217-23. 

1. Yanagisawa M, Kurihara H, Kimura S, et al. A novel potent 
vasoconstrictor peptide produced by vascular endothelial 
cells. Nature 1988:332:411-15. 

11. Grandstam E, Wang L, Bill A. Ocular effects of endothelin-1 
in the cat. Curr Eye Res 1992;11:325-32. 

2. MacCumber MW, Jampel HD, Synder SH. Ocular effects of 
the endothelins: Abundant peptides in the eye. Arch Ophthal- 
mol 1991;109:705-9. 

3. Osborne NN, Barnett NL, Luttmann W. Endothelin receptors 
in the cornea, iris and ciliary processes. Evidence from bind- 
ine. secondarv messeneer and PCR studies. EXD Eve Res 
1973;56:721-28. v 

I 2 

4. Chakravarthy U, Archer DB. Endothelin: A new vasoactive 
ocular peptide. Br J Ophthalmol1992;76:107-8. 

5. Meyer P, Flammer J, Luscher TF. Endothelium-dependent 
regulation of the ophthalmic microcirculation in the perfused 
porcine eye: Role of nitric oxide and endothelins. Invest Oph- 
thalmol Vis Sci 1993;34:3614-21. 

12. Abdel-Latif AA, Zhang Y, Yousufzai SYK. Endothelin-1 
stimulates the release of arachidonic acid and prostaglandins 
in rabbit iris sphincter smooth muscle: Activation of phospho- 
lipase A,. Curr Eye Res 1991;10:259-65. 

13. Oshika T, Kato S, Sawa M, Masuda K. Aqueous flare inten- 
sity and age. Jpn J Ophthalmol 1989;33:23742. 

14. Suzuki N, Matsumoto H, Kitada C, Masaki T, Fujino M. A 
sensitive sandwich-enzyme immunoassay for human endothe- 
lin. J Immunol Methods 1989;118:245-50. 

15. Leppel-Wienhues A, Becker M, Stahl F, et al. Endothelin-like 
immunoreactivity in the aqueous humour and in conditioned 
medium from cultures ciliary epithelial cells. Curr Eye Res 
1992;11:1041-46. 


