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Long-term administration of a substance P antagonist, (D-Pro s, D-TrpT'9)-SP, abolishes the response to ocular 
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Summary. The long-term effect of ocular administration of a substance P (SP) antagonist, (D-Pro 2, D-TrpV,9)-SP, was studied in 
the rabbit.  After 2 3 months  of topical administration of the antagonist twice daily, a mild t rauma was applied in the form of 
infrared irradiation of the iris. The control eye responded with disruption of the blood-aqueous barrier, the eye treated with the 
antagonist  did not. Two days after termination of treatment, the response to ocular injury was still reduced. Another  2 days later, 
ocular injury evoked a normal response, which shows that  the protection was reversible. No adverse reaction to the SP antagonist  
was noted. 

A substance P antagonist  was recently shown to inhibit the 
ocular response to infrared irradiation of the irisk Substance P 
(SP) has been proposed to be a neurogenic mediator of the 
ocular response to trauma, since it evokes symptoms of ocular 
injury ~-3 and since it is released into the aqueous humor  of the 
rabbit  eye after stimulation of the trigeminal nerve 2. The 
present study deals with the effects of long-term administration 
of an SP antagonist, (D-Pro 2, D-TrpT,9)-SP, onto the eye. 
Materials and methods. Drug. The SP analogue was synthetized 
by techniques analogous to those described elsewhere 4,5. Its 
purity was tested by high performance liquid chromatography 
and found to be better than 98 %. It has previously been de- 
scribed as a competitive and fairly specific SP antagonist 6'7. It 
was dissolved in sterile 0.9% saline. Solutions were prepared 
fresh every week and stored in a refrigerator. 
Single dose treatment. 6 pigmented rabbits received a single 
dose of 300 nmoles (50 gl) of (D-Pro 2, D-Trp 7'9)-8P topically 
onto the left eye. The right eye served as control and received a 
single dose of 0.9 % saline topically. 
Multiple dose treatment. 3 pigmented rabbits received (D-Pro 2, 
D-Trp7'9)-SP topically for 2 months  onto the left eye in a dose 
of 300 nmoles (50 pl) twice daily, at 08.00-10.00 h and 15.00- 
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Figure 1. Aqueous flare response (AFR) (mean -4- SE) to infrared irra- 
diation (IR) of the iris in the left eye (LE) and the right eye (RE). a The 
left eye of 3 rabbits had been pretreated with a single dose of 300 
nmoles SP antagonist 1 h before IR of the iris. The difference between 
the eyes is highly significant (p < 0.001, analysis of variance, 2-way). 
b The left eye of 3 rabbits had been pretreated with a single dose of 300 
nmoles SP antagonist 3 h before IR of the iris. The difference between 
the eyes is highly significant (p < 0.001, analysis of variance, 2-way). 
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Figure 2. Aqueous flare response (AFR) (mean -4- SE) to infrared irra- 
diation (IR) of the iris in the left eye (LE) and the right eye (RE). The 
left eye of 3 rabbits had been treated with 300 nmoles SP antagonist 
applied topically twice daily for 2 months, a During ongoing treatment 
2 months after the start; the difference between the eyes is highly signi- 
ficant (p < 0.00l, analysis of variance, 2-way). b 2 days after termina- 
tion of treatment; the difference between the eyes is highly significant 
(p < 0.001, analysis of variance, 2-way). c 4 days after termination of 
treatment no significant difference between the eyes (p > 0.05, analysis 
of variance, 2-way). d 16 days after termination of treatment; no signi- 
ficant difference between the eyes (p > 0.05, analysis of variance, 2- 
way). 
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19.00 h, respectively. Ano the r  group o f  8 p igmented rabbi ts  
received (D-Pro 2, D-Trpy'9)-SP, topically for 3 mon ths  onto  the 
left eye twice daily, at 07.00 09.00 h and 15.00-19.00 h, respec- 
tively. 3 o f  the latter rabbits  received 300 nmoles  (50 ~tl) and 
five 30 nmoles (50 gl). The right eye (control) received 0 .9% 
saline twice a day. 
Disruption o f  the blood-aqueous barrier. The b lood-aqueous  
barrier was disrupted by infrared irradiation (IR) 8 of  the iris o f  
both  eyes for 2 rain. IR is not  painful and the animals were 
conscious but gently restrained. The course o f  the barrier dam-  
age was followed by photo-electr ic  measurements  9 of  the 
aqueous flare response (AFR)  every 30 min. This response is a 
Tyndall  phenomenon  in the anterior  chamber ,  reflecting pro-  
tein leakage across the b lood-aqueous  barrier. A correlat ion 
between the A F R  and the protein concentra t ion has been es- 
tablished l~ The method  has the advantage o f  being a t raumat-  
ic, permitt ing recording o f  the A F R  at intervals during the 
experiment.  Fur thermore ,  the method  detects changes in A F R  
that  cannot  be observed by conventional  focal i l lumination. 
The results are expressed in arbitrary units with reference to a 
s tandard  l~ 
Results. Single dose treatment. 3 rabbits  received a single dose 
o f  300 nmoles SP antagonis t  topically onto  the left eye 1 hour  
before IR o f  the iris o f  both  eyes. The A F R  was greatly re- 
duced in the left eye (fig. IA). Ano the r  group of  3 rabbits  re- 
ceived a single dose of  300 nmoles  topically onto  the left eye 3 
h before 1R of  the iris o f  both  eyes. There was still an inhibi- 
tion of  the A F R  in the left eye (fig. IB). On an another  occa- 
sion the same 3 rabbits  received a single dose o f  300 nmoles  5 h 
before IR of  the iris o f  both  eyes. The A F R  was no longer 
inhibited (not shown in fig.). 
Multiple dose treatment. At the 2-3 month  stage and during 
ongoing t reatment  with the SP antagonis t  the following experi- 
ments  were performed.  3 animals, which had received the an- 
tagonist  (300 nmoles) for 2 months ,  were subjected to IR of  
the iris o f  both  eyes 1 h after administrat ion of  the antagonist .  
Thc A F R  was abolished in the pre-treated eye (fig. 2A). 6 days 
later, whcn the antagonist  had been wi thdrawn l\)r 2 days, the 
A F R  to IR of  the iris was still reduced in the pre-treated eye 
(fig. 2B). Another  2 and 14 days later, respectively, the 3 
animals were again subjected to IR of  the iris. There was no 
longer any inhibition of  the A F R  (fig.2C, D). Another  group 
of  3 rabbits,  pretreated with 300 nmoles SP antagonis t  for 3 
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Figure 3. Aqueous flare response (AFR) 0nean :5 SE) to infrared irra- 
diation (IR) of the iris in the left eye (LE) and the right eye (RE). a The 
left eye of 3 rabbits was pretreated with 300 nmoles SP antagonist ap- 
plied topically twice daily for 3 months. The right eye was pretreated 
with saline. The difference between the eyes is highly significant 
(p < 0.001, analysis of variance, 2-way). b The left eye was pretreated 
with 30 nmoles SP antagonist for 3 months and the right eye with saline 
(n = 5). The ditt'erence between the eyes is highly significant (p < 0.001, 
analysis of variance, 2-way). 

months ,  was subjected to IR o f  the iris o f  bo th  eyes about  30 
min after application o f  the SP antagonist .  The A F R  was 
greatly inhibited (fig. 3A). IR o f  the iris was also performed on 
the 5 rabbits  treated with 30 nmoles  o f  the SP antagonis t  for 3 
months .  The A F R  was greatly reduced (fig. 3B). During and 
after long-term t rea tment  with the SP antagonis t  no adverse 
reactions were observed. 
Discussion. The responses to ocular injury are thought  to de- 
pend at least partially upon agents released from peripheral  
sensory nerve fibers ~, ~l ~3. SP has been proposed  as a candidate  
media tor  for the neurogenic response because 1) exogenous SP 
evokes symptoms  of  ocular injury I 3, L2, 2) SP occurs in trige- 
minal nerve fibers 2,1~17, and 3) specific antagonists  to SP sup- 
press the responses not  only to SP L but  also to IW,  bra- 
dykinin ~1, pros taglandin  18 and capsaicin ~s. 
The present  work confirms and extends the previous finding 
that  topical application o f  an SP antagonis t  inhibits the re- 
sponse to IR o f  the iris ~. The inhibitory effect o f  a single 
topical adminis t ra t ion o f  the antagonis t  persisted for 3 h. 
Long- term t rea tment  with the SP antagonis t  abolished the re- 
sponse to IR o f  the iris. The response to ocular t rauma was 
reduced 2 days after terminat ion o f  t reatment ,  suggesting that  
with time the antagonis t  accumulates in the eye. Ano the r  2 
days later IR again produced A F R .  Thus, the effect was re- 
versible. Fur thermore ,  long-term t rea tment  with the SP antag- 
onist did not  reveal any adverse reactions during or  after 3 
months  of  t rea tment  with very large doses 19. 
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