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P o t e n t i a t i o n  o f  O c u l a r  R e s p o n s e  to  A d r e n a l i n e  b y  3 , 3 - D i m e t h y l -  1 - [ 3 -  M e t h y l a m i n o p r o p y l ] -  1 - P h e n y l  - 

p h t h a l a n  ( L u  3 - 0 1 0 )  a n d  a T h i o p h t h a l a n  A n a l o g u e  ( L u  5 - 0 0 3 )  : B l o c k e r s  o f  C a t e c h o l a m i n e  U p t a k e  

The role of s y m p a t h e t i c  nerve  ac t iv i ty  and  adrenergic  
amines  in ocular  responses  has  been  the  sub jec t  of var ious 
inves t iga t ions .  Dene rva t i on  of t he  ocular  t issue surgi- 
cally 1-~ or pharmacolog ica l ly  ~ resul ts  in hype r sens i t i v i t y  
of the  r a b b i t  eye to  t he  ca t echo lamine - induced  ~-~ or endo- 
genous ly-media ted4  out f low of aqueous  humor .  Adminis-  
t r a t i on  of an agen t  which  causes b lockade  of up take  of 
ca techo lamines  in to  the  pos tgangl ionic  s y m p a t h e t i c  neu- 
rons resul ts  in p o t e n t i a t i o n  of t he  ocu la r  response~,L 
Blockade  of the  ca t echo lamine  up t ake  process,  which  is a t  
t he  level  of t he  cell membrane ,  leads to  h igher  concen t ra -  
t ions  of ca t echo lamines  a t  t he  r ecep to r  s i tes  since the  
ma jo r  mechan i sm of i nac t iva t ion  is t h r o u g h  u p t a k e  in to  
s torage  s i tes  of s y m p a t h e t i c  ne rve  endingsT-L 

The  c o m p o u n d  3,3-dimethyl-1-  [3 -methy laminopropyl ] -  
1 -pheny lph thMan  (Lu 3-010) has  been  shown  to be a p o t e n t  
inh ib i to r  of the  ca techo lamine  up take  mechan i sm X°, ~ X 
Lu 3-010 and  var ious  s t ruc tu ra l ly - re la ted  c o m p o u n d s  lack 
or have  l i t t le  of an undes i rab le  p rope r ty ,  i.e. ant ichol iner-  Lu 3-010 O 
gic activity~%~L The  effects  of Lu 3-010 and  var ious  
s t ruc tu ra l ly - re la ted  c o m p o u n d s  (Figure 1) on the  ocular 
response  to  adrena l ine  were d e t e r m i n e d  and  are the  sub- Lu 5-003 S 
jec t  of th is  repor t .  

Method.  The pupi l  d i ame te r s  of b o t h  eyes of adu l t  fe- 
male  r abb i t s  (2.5-3.0 kg) were  measured  unde r  art if icial  
i l lumina t ion  (6V-15W microscopic  l amp  placed 3" from Lu 3-049 CH~ 
the  eye) w i t h  a t r a n s p a r e n t  plas t ic  mi l l imete r  ruler.  Stu-  
d e n t ' s  t - tes t  was  used in t he  eva lua t ion  of t he  da ta .  

Results .  The  effects  of Lu 3-010 and  var ious  analogues  Lu 3-009 O 
on adrena l ine - induced  mydr ia s i s  were  s tudied .  50 ~tl of an 
aqueous  solut ion of t h e  t e s t  c o m p o u n d  were  inst i l led in to  
one eye, t he  con t ra l a t e ra l  eye serv ing  as a control .  5 h la ter  Lu 4-074 S 
the  pupi l  d i ame te r s  were  again measu red  fol lowing which  
50 ~tl of a 0.5% solut ion (expressed as free base) of 1-adren- 
aline b i t a r t r a t e  (Sigma Chemical  Co.) in physiological  Lu 4-004 O 
saline was inst i l led in to  each eye and  the  pupi l  sizes mea-  
sured 30 min  later.  3 r abb i t s  were  ut i l ized for each com- 
p o u n d  s tudied.  Adrena l ine  a t  0.5% caused no increase in Lu 3-048 O 
pupi l  size. Lu 3-010 and  Lu 5-003 p o t e n t i a t e d  the  act ion of 
adrena l ine  caus ing  an increase in pupi l  d i a m e t e r  of grea ter  Lu 4-012 O 
t h a n  3 m m  a t  0 .1%, b u t  no t  a t  0.05% (Table). Ne i the r  of 
t he  c o m p o u n d s  alone a t  0 .1% caused  a n y  changes  under  Lu 3-092 O 
these  condi t ions .  None  of  t h e  o the r  s t ruc tu ra l ly - re la ted  

c o m p o u n d s  e x a m i n e d  caused an increase in pupi l  dia- 
me te r  of g rea te r  t h a n  1 m m  even a t  0.25%. Lu 3-010 and  
Lu 5-003 were  s imi lar  in ac t iv i ty  to  p ro t r ip ty l ine ,  a 
blocker  of c a t echo l amine  up take  ~a, which  had  been  shown 
previous ly  to e x h i b i t  the  p o t e n t i a t i n g  ac t iv i ty  ~. 

The effects  on the  p o t e n t i a t i n g  ac t iv i ty  caused by  vary-  
ing the  t ime  of a d m i n i s t r a t i o n  of Lu 3-010, Lu 5-003 and  
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Fig. 1. Structures of compounds 

Effects of Lu 3-010 and structurally-related compounds on potentia- 
tion of the ocular response to adrenaline 

Compound Dose A Pupil 
(% solution) diameter 

(mm) 

Lu 3-010 0.1 4 
0.05 0.6 

Lu 5-003 0.1 3.9 
0.05 1.1 

Lu 3-049 0.25 0 
Lu 3-009 0.25 1.0 
Lu 4-074 0.25 0.8 
Lu 4-004 0.25 0.8 
Lu 3-048 0.25 0 
Lu 4-012 0.25 0.8 
Lu 3-092 0.25 0.3 
Protriptyline 0.1 3.4 

0.05 2 
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p r o t r i p t y l i n  e p r io r  to  t h e  app l i c a t i on  ,of t h e  a d r e n a l i n e  
were d e t e r m i n e d .  5 r a b b i t s  were  used for each  d e t e r m i n a -  
t ion.  The  dose of ad rena I ine  e m p l o y e d  (50 ~1, 1%) h a d  no  
effect  on  pup i l  d i ame te r .  S imi la r  p o t e n t i a t i n g  ac t iv i t i e s  
were  o b t a i n e d  a t  e ach  of t h e  d i f f e ren t  t i m e  per iods  w h e t h e r  
t h e  c o m p o u n d  was  a d m i n i s t e r e d  5 or  30 m i n  before  t h e  
a d r e n a l i n e  (F igure  2). T h e  on ly  e x c e p t i o n  was  w i t h  pro-  
t r i p ty l i ne ,  a t  3 h,  w h e r e  p o t e n t i a t i o n  was  obse rved  w h e n  
t h e  t i m e  i n t e r v a l  b e t w e e n  t r e a t m e n t s  was  5, b u t  n o t  
30 rain.  

The  c o m p o u n d s  d i f fered  in a c t i v i t y  w h e n  each  was  
a d m i n i s t e r e d  s i m u l t a n e o u s l y  w i t h  t h e  ad rena l ine .  Al-  
t h o u g h  each  e x h i b i t e d  a s imi l a r  a c t i v i t y  0.5 h a f t e r  t r e a t -  
m e n t ,  Lu 3-010 h a d  a more  p r o n o u n c e d  a n d  longer  du ra -  
t i on  of a c t i o n  t h a n  Lu 5-003 s ince Lu  3-010 caused  a grea-  
t e r  p o t e n t i a t i o n  a t  b o t h  1 a n d  2 h, Lu  3-010 a n d  p r o t r i p t y -  
l ine  were  s imi la r  in  ac t i v i t y .  I n  a c o m p a r i s o n  of t h e  re- 
sul ts  o b t a i n e d  showing  t h e  ac t iv i t i e s  of t h e  c o m p o u n d s  
w h e n  each  was  app l ied  s e p a r a t e l y  f rom a d r e n a l i n e  i t  ap-  
pea r s  t h a t  Lu 3-010 a n d  Lu  5-003 were  s imi l a r  whe reas  
p r o t r i p t y l i n e  t e n d e d  to  be  more  a c t i v e  t h a n  e i ther .  

F o r  each  i n d i v i d u a l  c o m p o u n d  a c o m p a r i s o n  of t h e  
c o m b i n e d  t r e a t m e n t  versus  a s e p a r a t e  t r e a t m e n t  revea l s  
t h a t  t h e  p o t e n t i a t i n g  a c t i v i t y  was  s imi la r  a f t e r  each  t i m e  
per iod  w i t h  Lu  3-010, s imi la r  or less w i t h  Lu  5-003 and,  in  
general ,  was  lower  a t  all  t i m e  per iods  w i t h  p r o t r i p t y l i ne .  

I n  o rde r  to  d e t e r m i n e  t h e  effect  of a n  e -adrenerg ic  re- 
cep to r  a n t a g o n i s t  on  t h e  p o t e n t i a t i n g  a c t i v i t y  of t h e  3 
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Fig. 2. Effect of time of pretreatment with compounds on pupil 
response to adrenaline. Compound (50[~I, 0.1%) was applied topi- 
cally at 0 ([~), 5 (--) or 30 (I) rain before adrenaline (50~I, 1%); 
changes in pupil diameter were determined after the designated 
times. A) Lu 3-010. B) Lu 5-003. C) Protriptyline. 

compounds ,  p h e n o x y b e n z a m i n e  (5 mg/kg ,  i.v.) was g iven  
1 h p r io r  to 50 ~xl of a 0 .1% so lu t ion  of each.  A d r e n a l i n e  
(50 71 of a 1% solut ion)  was  a d m i n i s t e r e d  30 ra in  l a te r  a n d  
a f t e r  1 h t he  pup i l  d i a m e t e r  was  m e a s u r e d ;  5 r a b b i t s  were  
used for  each  t r e a t m e n t .  T h e  changes  in pup i l  d i a m e t e r  for  
L u  3-010, L u  5-003 a n d  p r o t r i p t y l i n e  were  5.2-4-0.3, 
3 . 4 ± 0 . 7  a n d  4 . 8 ± 0 . 4 m m ,  respec t ive ly .  Af t e r  p r e t r e a t -  
m e n t  w i t h  p h e n o x y b e n z a m i n e  t he se  va lues  were  dep res sed  
to  0.7:t:0.3,  0 . 5 ± 0 . 3  a n d  0 . 7 i 0 . 3 m m ,  respec t ive ly .  
Thus ,  p h e n o x y b e n z a m i n e  p r e v e n t e d  t h e  p o t e n t i a t i n g  
a c t i v i t y  of each  of t he  c o m p o u n d s .  

Discussion. T h e  p r e s e n t  s tud ies  i nd i ca t e  t h a t  L u  3-010 
a n d  L u  5-003 p o t e n t i a t e  t he  ocu la r  response  to  ad rena l ine .  
W i t h  r e spec t  to  d u r a t i o n  of a c t i o n  in t h e  c o m b i n e d  t r e a t -  
Inen t  w i t h  ad rena l ine ,  Lu  3-010 is simila~ in a c t i v i t y  to  
p r o t r i p t y l i n e  a n d  m o r e  a c t i v e  t h a n  Lu 5-003. I n  t he  se- 
p a r a t e  a p p l i c a t i o n s  Lu 3-010 a n d  Lu  5-003 are  s imi la r  whi le  
p r o t r i p t y l i n e  t e n d s  to  be  t he  m o s t  ac t ive .  

The  p o t e n t i a t i o n  of t h e  ocular  response  to  a d r e n a l i n e  
b y  Lu  3-010 a n d  Lu 5-003 is p r o b a b l y  due  to  t h e i r  k n o w n  
ab i l i t y  z0, ~3 to  b lock  t h e  c a t e c h o l a m i n e  u p t a k e  m e c h a n i s m .  
The  f ind ings  t h a t  the  p o t e n t i a t i o n  of t he  ocu la r  response  
b y  Lu 3-010 or Lu 5-003 is b locked  b y  p h e n o x y b e n z a m i n e ,  
a n  ~-adrenerg ic  r ecep to r  an t agon i s t ,  is in  accord  w i t h  t h i s  
sugges t ion .  The  resu l t s  o b t a i n e d  w i t h  p r o t r i p t y l i n e  in t h i s  
r e spec t  are in  accord  w i t h  those  r e p o r t e d  b y  o t h e r s  8. T h e  
p o t e n t i a t i o n  of t h e  ocular  response  is c o n s i s t e n t  w i t h  t h e  
p o t e n t i a t i o n  of o t h e r  ac t iv i t i e s  of c a t e c h o l a m i n e s  z4. z5 b y  
a g e n t s  w h i c h  p r e v e n t  t h e i r  up t ake .  T h e  di f ferences  ob-  
se rved  in t h e  p o t e n t i a t i n g  a c t N i t y  of t h e  v a r i o u s  com-  
p o u n d s  e x a m i n e d  in  t h e  p r e s e n t  s tud ie s  cou ld  b e  due  to  
s u c h  fac to rs  as d i f ferences  in  p o t e n c y  a n d  in  d u r a t i o n  of 
a c t i o n  of t h e  c o m p o u n d s  w i t h  respec t  to  t h e i r  ab i l i t y  to  
cause  b l o c k a d e  of t h e  u p t a k e  m e c h a n i s m .  

T h e  resu l t s  o b t a i n e d  w i t h  p h e n o x y b e n z a m i n e  also indi-  
ca te  t h a t  t h e  ocu la r  r esponses  obse rved  w i t h  Lu  3-010 a n d  
L u  5-003 are  n o t  due  to a n  an t i cho l ine rg i c  etfect .  I n  sup-  
p o r t  of th i s  conc lus ion  are t h e  r epo r t s  t h a t  Lu  3-010 lacks  ~2 
a n d  Lu 5-003 is e ssen t i a l ly  devo id  of 1~ th i s  a c t i v i t y .  

C a t e c h o l a m i n e s  app l ied  top ica l ly  to  n o r m a l  a n d  glauco-  
m a t o u s  eyes  of h u m a n s  h a v e  been  d e m o n s t r a t e d  to re- 
duce  i n t r a o c u l a r  p ressure  ~. Lu  3-010 a n d  Lu  5-003 m a y  
thus  be  of va lue  in  t h e  t r e a t m e n t  of g laucoma.  

Rdsumd. C o n c e r n a n t  la dur6e  de l ' e f fe t  du  t r a i t e m e n t ,  
le compos6  Lu 3-010 en  c o m b i n a i s o n  avec  l ' a d r e n a l i n e  es t  
s e m b l a b l e  ~ la p ro t r i p ty l i ne ,  e t  il es t  p lus  ac t i f  que  Lu  
5-003 en  ce qui  conce rne  la p o t e n t i a t i o n  de la  r eac t i on  ocu- 
la i re  p r o v o q u 6 e  p a r  l ' a d r e n a l i n e .  A d m i n i s t r f s  s6pa remen t ,  
les compos6s  Lu  3-010 e t  Lu  5-003 o u t  des ef fe ts  sem- 
b lables ,  t a n d i s  que  la p r o t r i p t y l i n e  es t  le compos6  Ie p lus  
actif .  L ' a c c r o i s s e m e n t  de l 'e f f icaci t6  de  ces compos6s  
r6sul te  p r o b a b l e m e n t  de leur  ab i l i t6  k b l o q u e r  le m6ca-  
n i s m e  de l ' i n c o r p o r a t i o n  de la c a t echo l amine .  
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