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reactions.  The mean  weights  of the  4 groups did no t  differ  
by  more  t h a n  24 g (overall mean  was 181.8 g). However ,  
the  initial  mean  s tar t le  reac t ions  of t he  albino animals  
were m u c h  smaller  t h a n  those  of t he  p i g m e n t e d  group 
(Table II). This difference occurred despi te  t he  fact  t h a t  
43 albino ra ts  were screened to ob ta in  the  10 expe r imen ta l  
animals,  whereas  t he  10 p igmen ted  animals  were selected 
f rom jus t  14 ra ts  tes ted.  Since the  s t imulus  and the  t e s t  
procedure  were tile same in bo th  cases, th i s  resul t  could 
imply  some inheren t  difference be tween  the  s t ra ins  of ra t  
in the i r  acoustic  s tar t le  react ion.  

In  this  exper iment ,  there  were no s ignif icant  reduct ions  
in response in e i ther  cont ro l  group (Table II).  By  the  use 
of paired t-tests,  it  was shown t h a t  there  was a s ignif icant  
(p < 0.05) reduct ion  in t he  mean  s tar t le  reac t ion  of t he  
p igmen ted  drug  group a t  day  36 and a h ighly  s ignif icant  
(p < 0.01) reduc t ion  a t  day  101. However ,  a t  these  t imes,  
there  were ve ry  h igh ly  s ignif icant  (p < 0.001) reduct ions  
in the  mean  s tar t le  react ion of the  albino drug  group 
compared  wi th  the  initial  control  value;  these  s ignif icant  
reduct ions  in s tar t le  react ion were t aken  to  have  resul ted  
f rom drug- induced  hear ing  impa i rment .  

These la t te r  resul ts  cer ta in ly  ques t ion the  hypo thes i s  
tha t ,  dur ing chronic in toxica t ion  wi th  kanamycin ,  albino 
animals  are less l ikely t han  p igmen ted  animals  to  suffer 
cochlear  lesions resul t ing in hear ing impa i rmen t .  How-  
ever, th is  in te res t ing  possibi l i ty  is being fu r ther  explored 
in our laborator ies  using a more  refined m e t h o d  for tes t ing  

hear ing - namely ,  ope ran t  condi t ioning of tone  discr imi-  
nat ion.  The resolut ion of th is  p rob lem could lead to  a 
fuller u n d e r s t a n d i n g  of the  m e c h a n i s m  of toxic  act ion of 
such drugs on the  inner  ear. 

Summary. Fol lowing the  f inding t h a t  melanin  p i g m e n t  
p layed  a role in the  accumula t ion  of o to toxic  drugs in t he  
inner  ear, an inves t iga t ion  was made  of the  possible in- 
f luence of the  p i g m e n t a t i o n  of animals  on the i r  suscep- 
t ib i l i ty  to the  o to toxic  effects of drugs.  Hear ing  acu i ty  
was assessed by  m e a s u r e m e n t  of acoustic  s tar t le  react ion.  
P re l imina ry  expe r imen t s  suggested t h a t  p igmen ted  ani-  
mals  migh t  be more  l ikely to  suffer hear ing  i m p a i r m e n t  
following o to toxic  drug  adminis t ra t ion .  However ,  in a 
control led s t u d y  using ra ts  t r ea t ed  wi th  kanamycin ,  it  was  
no t  possible to  conf i rm this  and  albino an imals  appeared  
no less vulnerable  t h a n  p igmen ted  animals  to kanamyc in -  
induced  deafness.  
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The Effects of Dopamine ,  Piribedil  (ET-495) and 

I t  has  been  suggested t h a t  in ra ts  adeny la te  cyclase 
migh t  be the  possible dopa ln ine- recep tor  wi th in  t he  
caudate  nucleus of the  cent ra l  nervous  sys t em i. As a resul t  
of this,  s t r ia ta l  homogena tes  of various o ther  species, 
including man,  have  been used by  numerous  workers  to  
inves t iga te  the  mechan i sm of act ion of neurolept ic  agents,  
which are supposed to exer t  the i r  effects by  blockade of 
dopamine- recep tors  2-4. IrL a b road  sense, a correla t ion 
be tween  po tency  of these  agents  in vitro,  as inhib i tors  o f  
dopamine-sens i t ive  adenyla te  cyclase, and  the i r  effects  
in vivo as neuroleptics,  seems to exist,  a l though  some 
discrepancies  have  been encoun te red  2, 4. We have  recent ly  
found  t h a t  in t ac t  or homogenized  re t inae  of the  r abb i t  
m a y  provide  ano the r  useful sys tem for such invest iga-  
t ions  in vi t ro  5, s, since the  neuronal  ea techolamine  in t he  
re t ina  of th is  species seems to be mos t ly  dopamine  7. The 
increased se lect iv i ty  (and sensi t ivi ty)  of our model,  com- 
pared  wi th  o ther  s t r ia ta l  or re t inal  p repara t ions  8,9, also 
makes  it sui table for e lucidat ing the  mechan i sm of act ion 
of o ther  drugs, such as expe r imen ta l  or clinical ant i -  
park insonian  agents.  Moreover,  th is  can be done at  t he  
cellular or molecular  level. For  example,  we have  recen t ly  
shown t h a t  apomorphine ,  a typ ica l  "dopamine- l ike"  drug, 
is a ve ry  p o t e n t  dopamine - recep to r  agonist ,  in i n t ac t  cells 
as well as in homogena te s  of r abb i t  re t ina  5, s. In  cont ras t ,  
we have  been able to  d e m o n s t r a t e  t h a t  the  mechan i sm of 
act ion of aman tad ine ,  a clinical an t ipark inson ian  drug, is 
no t  re la ted to  di rect  s t imula t ion  of dopamine-receptorsS,  
a l though  o ther  au thors  have  suggested th is  possibi l i ty  1~ 

Among  the  an t ipa rk inson ian  drugs act ing d i rec t ly  on 
dopamine- receptors ,  L-dopa is t he  mos t  specific. Several  
a t t e m p t s  have  been  made  to synthes ize  o the r  dopamino-  
mimetics ,  such as apomorphine ,  or pir ibedi l  (ET-495) 
[1-(3,4-methylene dioxybenzyl)-4-  (2-pyrimidinyl) p ipera-  
zinej, a non-ca techol  analogue of dopamine.  The agonist ic  
ac t iv i ty  of the  la t t e r  seems to  be ques t ionable  11, a l though  

its Metabolite S-584 on Retinal  Adenylate  Cyclase 

it  has  been proposed  t h a t  its metabol i t e  fo rmed in 
vivo, namely  S-584 El-(3, 4 -d ihydroxybenzyl ) -4- (2-pyr imi-  
dinyl)piperazineJ can d i rec t ly  ac t iva te  s t r ia ta l  dopamine-  
receptors  12. To t es t  th is  hypothes is ,  we have  inves t iga ted  
the  effects of b o t h  pir ibedi l  as well as S-584 on e i ther  
in t ac t  cells or homogena t e s  of r abb i t  re t ina,  under  condi-  
t ions  where the  ac t iv i ty  of t he  dopamine  is maximal .  

Methods. The procedure  for the  dissect ion of the  re t ina  
has a l ready  been  descr ibed 5. W h e n  in tac t  re t inae  were 
used, the  following modif ica t ions  of the  previous  ex- 
pe r imen ta l  procedure  5 were in t roduced.  Oxygena t ion  wi th  
95% 02-5 % CO 2 dur ing  the  final  10 min  incuba t ion  (in 
the  presence of drugs) was no t  applied,  in order  to main-  
ta in  the  very  easily breakable  re t ina  in good shape.  This  
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p recau t ion  is beneficial  for the  reproduc t ib i l i ty  of cont ro l  
as well as s t imula ted  t issue results.  However ,  the  phys i -  
ological m ed ium (Krebs -Ringer  bicarbonate)  was well 
gassed before being used for t he  final incubat ion ,  which  
was carr ied ou t  in glass-homogenizers  conta in ing  a to ta l  
vo lume of 0.5 ml  ( instead 1.0 ml) in the  presence of 5 m M  

theophy l l i ne .  Af ter  the  40 min of pre- incubat ion ,  t he  
re t inae  were cu t  t h r o u g h  the  ver t ical  axis in 2 equal  
pieces and  d i s t r ibu ted  in a r a n d o m  way.  Each  homoge-  
nizer was p rov ided  wi th  one half  of a ret ina.  In s t ead  of 
add ing  TCA to the  medium,  the  homogenizers  were re- 
moved  f rom the  b a t h  and  quickly p lunged  in boiling wa te r  
for 10 min. The t issue was t h e n  homogenized,  a t  4 ~ and 
cen t r i fuga t ion  was pe r fo rmed  at  the  same t empera tu re .  
The pellets  were used for p ro te in  de te rmina t ionS;  20 ~zl 
dupl ica te  samples  of t he  crude s u p e r n a t a n t  were t aken  
ou t  for the  sa tu ra t ion  assay la. The same volume of buffer  
(Krebs-Ringer - theophyl l ine)  was used for runn ing  the  
s t anda rd -cu rve  made  in t he  presence of 0, 1, 2, 4, 8 and 
16 pmoles  of cyclic AMP. W h e n  the  expe r imen t s  were 
pe r fo rmed  on re t ina l  homogena tes ,  the  me thodo logy  was 
as previously  descr ibed n. W h e n  ex t rac t ion  and purif ica-  
t ion  of cyclic A M P  by  means  of ion exchange  ch romato -  
g r a p h y  on Dowex  50 W - X  8 is omi t ted ,  the  sens i t iv i ty  of 
the  assay in our  expe r imen ta l  condi t ions  is decreased.  
Therefore,  where  homogena t e s  are concerned,  th is  s tep  in 
expe r imen ta l  procedure  seems to be unavoidable .  

Results and discussion. As shown in t he  Figure pir ibedi l  
as well as pir ibedil  me tabo l i t e  S-584 did no t  raise cyclic 
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Comparative effects of dopamine (DA), piribedil (ET-495) and S-584 
on cyclic AMP concentration in isolated retina of the rabbit. Half- 
retinae have been incubated for 10 Inin at 35 ~ in the presence of 
5 • 10 3 mM theophylline. A) and B) represent separate experiments. 
The data give the mean values + SEM of a minimum of 4 half- 
retinae. 

Comparative effects of dopamine (DA), piribedil (ET-495) and S-584, 
each at 10 -4 M concentration, on adenylate cyelase activity in 
homogenates of rabbit retina 

Basal DA ET-495 

A) 104.4 -4- 1.6 248.0 • 20.3 76.9 ~- 12.4 

Basal DA S-584 

B) 93.6 -t- 8.7 216.3 4- 33.5 92.0 -4- 7.1 

AMP levels in isolated re t ina  of the  rabbi t .  In  con t ras t ,  
dopamine  at  t he  same concen t ra t ion  (10 -4 M) was found  
to be ve ry  po ten t ,  in accordance  wi th  our previous re- 
sults~. I t  should  be men t ioned  t h a t  following the  in- 
t roduc t ion  of some methodologica l  i m p r o v e m e n t s  (see 
Methods) ,  the  effects of dopamine  were even more  pro-  
nounced  t h a n  in previous  exper iments .  For  example,  t he  
Figure shows an inc remen t  in cyclic AMP concen t ra t ions  
of more  t h a n  50 pmoles  over  contro l  values, whereas  in 
the  previous series of expe r imen t s  5 the  inc remen t  was of 
26.2 pmoles.  Fu r the rmore ,  we have  recent ly  observed a 
ha l f -max imal  s t imula t ion  in the  presence of 10 -6 M 
dopamine  (not shown).  On the  o the r  hand ,  i soproterenol  
a t  10 -4 M concen t ra t ion  was found to  be to ta l ly  ineffec- 
t ive  14. Thus,  unlike ra t  cauda te  nucleus which  conta ins  
bo th  f i -adrenergic-receptors  (s t imulated by  isoproterenol  
and blocked by  propranol01 ) and dopaminerg ic  receptors  
(blocked by  fluphenazine)1~, r abb i t  re t ina  seems to con- 
ta in  dopamine- recep to r s  exclusively.  

Pir ibedi l  has  been  found  to be also ineffective,  a t  a 
concen t ra t ion  up to  10 4 M, ill ano the r  t ype  of in v i t ro  
prepara t ion ,  n ame l y  in homogena te s  of ra t  s t r i a t u m 42. 
In  the  same prepara t ion ,  however ,  the  piribedil  metabol i t e  
S-584 was able to  s t imula te  cyclic AMP product ion ,  w i th  
a max ima l  ac t iva t ion  of 81% above baseline values  1~. 
This effect  was blocked b y  10 -5 M chlorpromazine  or 10 -4 
M spiroperido112. Act iva t ion  of adeny la te  cyclase b y  
10 -5 M S-584 has  also been  recent ly  observed in homoge-  
nares  of ra t  cauda te  nucleus by  o ther  inves t iga tors  16. 
These results  suggest  t h a t  the  pharmacologica l  effect  of 
piribedil  m a y  be due to the  fo rmat ion  in vivo of an act ive 
metabol i te ,  such as tile ca techol  co mp o u n d  S-584, which  
s t imula tes  d i rec t ly  the  dopamine- recep tors  of cent ra l  
nervous  sys tem.  

A posi t ive  effect  of S-584 on ra t  s t r ia ta l  homogena tes  
and  a nega t ive  effect  of the  same co mp o u n d  on isolated 
re t ina  of the  rabbi t ,  as shown in t he  Figure,  can be ten-  
t a t ive ly  expla ined in t e rms  of f u n d a m e n t a l  differences 
be tween  the  two models used for measur ing  dopamine-  
or dopamine- l ike  adeny la te  cyclase act ivi ty .  T h e  main-  
t enance  of all m e m b r a n e  cons t i tuents ,  such as in t he  
in tac t  cells of t he  isolated tissue, migh t  be of more  phys i -  
ological or pharmacolog ica l  significance. Suppor t  for th is  
hypo thes i s  is p rov ided  by  the  fact  t h a t  dopamine  did no t  
al ter  t he  concen t ra t ion  of  ~yclic AMP in slices f rom 
limbic forebrain 17 a l t h o u g h - a  dopamine-sens i t ive  aden-  
yla te  cyclase exis ts  in homogena t e s  of mesol imbic s t ruc-  
tures  and  is inhib i ted  by  neurolept ics  2, 2. However ,  th is  
lack of specif ici ty p robab ly  does no t  occur when  using 
rabb i t  re t ina ,  since, in b o t h  types  of prepara t ion ,  i.e. 
in tac t  cells 5 or homogena te s  s, dopamine  as well as 
apomorph ine  were found to  be ve ry  active. This p rov ided  
a valid reason to  inves t iga te  the  effects of bo th  pir ibedil  
and pir ibedil  me tabo l i t e  S-584 on homogena tes  of r abb i t  
ret ina.  As shown in tile Table,  ne i ther  drugs a t  10 -a M 
concen t ra t ion  were able to s t imula te  the  adenyla te  cyclase 
of homogena te s  of r abb i t  re t ina  under  condi t ions  where  
the  agonist ic effect  was max ima l  and  well in accordance 
wi th  our  previous  da t a  6. The source of the  discrepancies  
mus t  therefore  be looked for elsewhere.  

�9 pmoles cyclic AMP .mg protein -1.2.5 rain -1 under standard assay 
conditions. A) and ]3) represent separate experiments. The data give 
the mean values • SEM of a minimum of 4 incubations. 

a3 B. L. BROWN, J. D. ]VI. ALBAN0, R. P. EKII~S and A. M. SGHERZI, 
Biochem. J. 121, 561 (1971). 

14 M. SCHORDERET, u n p u b l i s h e d  resul ts .  
15 j .  FORN, ]3. t{. I{RUEGER a n d  P. GREENGARD, Science 786, 1118 

(1974). 
le R. K. MISHRA, E. L. GARDNER, R. KATZMA~ and M. H. MAKMA~, 

Proe. natn. Aead. Sci., USA 71, 3883 (1974). 
1~ j .  B. ]3Lt3MBERG, R. E. TAYLOR and F. SULSER, J. Pharm. Phar- 

mae. 27, 128 (1975). 



15. i i .  1975 Specia l ia  1327 

Since t h e  c a u d a t e  nuc leus  of t he  r a t  appea r s  to  c o n t a i n  
b o t h  f l-adrenergic-  a n d  dopam i ne - r ecep t o r s  ~5, i n t e r ac t i on  
of dopamine ,  " d o p a m i n e - l i k e "  d rugs  or d o p a m i n e  an tago-  
n is t s  w i t h  b o t h  t ypes  of recep tors  could occur.  I n  l ine w i t h  
t h i s  h y p o t h e s i s  is t h e  r e c e n t  f ind ing  of t h e  b lockade  b y  
t h e  p o t e n t  neuro lep t i cs  p imozide  a n d  c lozapine  of a 
n o r a d r e n a l i n e  sens i t ive  a d e n y l a t e  cyclase in slices of r a t  
l imbic  Io reb ra in lL  F u r t h e r m o r e ,  i nves t iga t ions  in v ivo  
show s igni f ican t  differences  be t w een  t h e  ac t ions  of 

a p o m o r p h i n e  a n d  pir ibedi l ,  s ince t he  effects  of p i r ibedi l  
are  r educed  b y  reserp ine  or t y ros ine  h y d r o x y l a s e  inh ib i -  
t ion,  whereas  those  of a p o m o r p h i n e  are  n o t  ts,~". I t  h a s  
also been  suggested,  on  t he  bas is  of a v a r i e t y  of exper i -  
m e n t a l  da t a ,  t h a t  some endogenous  release of d o p a m i n e  
m u s t  a lways  exis t  for  p i r ibedi l  to  exe r t  i ts  full  d o p a m i n e  
recep to r  s t i m u l a t i n g  a c t i v i t y  20. Thus  t h e  m e c h a n i s m  of 
ac t ion  of p i r ibedi l  r ema ins  to  be  e luc ida ted .  W h e t h e r  or  
n o t  i t  is r e l a t ed  to no rad rene rg ic  m e c h a n i s m s  r a t h e r  t h a n  
dopamine rg i c  m e c h a n i s m s  needs  f u r t h e r  inves t iga t ion .  

18 B. COSTALL a d d  R. J .  NAYLOR, Advances in Neurology ( R a v e n  
Press,  New Y o r k  1973), vol.  3. 

19 M. GOLDSTEIN, A. F. BATTISTA, T. OHMOTO, B. ANAGNOSTE and 
K. FIJxE, Science 179, 816 (1973). 

20 K. FUXE, H. CORRODI, T. HbKFELT, P. LIDBRINK and U. UXGER- 
STEDT, Medical Biology 52, 121 (1974). 
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Summary. Using  isola ted r e t i nas  of t he  r abb i t ,  we h a v e  
s h o w n  t h a t  t he  effects of a n t i p a r k i n s o n i a n  drugs  such  as 
p i r ibed i l  a n d  S-584 are no t  re la ted  to d i rec t  s t i m u l a t i o n  of 
dopamine - recep to r s .  
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Conformations and Biological Properties of Apomorphine and its Phenanthro[ lO, l -b ,  c] 
azepine Homologue  ~ 

Most  d rug- recep to r  i n t e r ac t i ons  are s tereospecif ic  a n d  
p re fe ren t i a l ly  invo lve  a p a r t i c u l a r  c o n f o r m a t i o n  of t h e  
d rug  molecule.  The  s t i m u l a t i n g  effect  of a p o m o r p h i n e  (1) 
on  d o p a m i n e  receptors  is v e r y  s tereoselect ive.  On ly  t he  
( - ) - enan t iomer ,  wh ich  has  the  R-con f igu ra t i on  2, is 
biological ly  ac t ive  3,4. Th i s  ac t ion  m a y  be  a t t r i b u t e d  to  
t h a t  s t r u c t u r a l  f r a g m e n t  of the  a p o m o r p h i n e  molecule  
which  cor responds  to  dopamine .  The  c o n f o r m a t i o n  of 
th i s  f r a g m e n t  has  t o r s ion  angels  in t he  -CH2-CH2-N 
m o i e t y  wh ich  are fixed as an t i c l ina l  (rl) and  a n t i p l a n a r  
(z2) b y  t he  res t  of t he  molecule.  

CHa 
2 R=H 

I_ 3 R :CH 3 

The va lues  of T],  T 2 obse rved  in the  c rys t a l  s t r u c t u r e  
ana lys i s  of a p o m o r p h i n e  hydroch lo r ide5  are 146, -- 178 ~ 
a n d  133, --178 ~ in t h e  two  i n d e p e n d e n t  molecules  in t he  
c rys t a l log raph ic  a s y m m e t r i c  uni t .  These  va lues  c o n t r a s t  
w i t h  those  obse rved  in the  c rys ta l  s t r u c t u r e  of t he  
f lexible  molecule  d o p a m i n e  in t h e  form of i ts  hyd ro -  
ch lor ide  6 where  z 1 = + 9 9  ~ z 2 = 180 ~ . I n  solutiOn, 
however ,  t h e  f rac t iona l  p o p u l a t i o n  of t h i s  r o t a m e r  is 
on ly  0.437 and  i t  is possible for d o p a m i n e  to  t ake  u p  a 
c o n f o r m a t i o n  s imi la r  to  t h a t  seen in a p o m o r p h i n e  b y  
ro t a t i on  a b o u t  t he  ring-C= bond .  Since, however ,  t he  con-  
f o r m a t i o n  of the  ca t echo l amine  m o i e t y  in a p o m o r p h i n e  
is d i f fe ren t  f rom t he  obse rved  c rys ta l  c o n f o r m a t i o n  of 
dopamine ,  t he  re levance  of t he  c rys t a l  c o n f o r m a t i o n  of 
d o p a m i n e  to a n y  a r g u m e n t s  conce rn ing  d o p a m i n e  

receptors  is called in ques t ion.  The  c o n f o r m a t i o n s  of 
r igid ana logues  w i t h  h igh  agonis t  a c t i v i t y  are more  
l ikely to p rov ide  su i t ab le  indica tors .  

Recen t ly ,  we h a v e  syn thes ized  11 ,12-d ihydroxy-7-  
methy l -4 ,  5, 6, 7, 7a, 8 - h e x a h y d r o p h e n a n t h r o  [10, l -b ,  c]aze- 
p ine  (2) s, wh ich  is a homologue  of a p o m o r p h i n e  (1). 
C o n t r a r y  to expec ta t ion ,  th i s  c o m p o u n d  h a d  no dopa-  
minerg ic  act ion.  Oral  doses up  to 100 m g / k g  h a d  no  
effect  on t he  genera l  b e h a v i o u r  of mice, no r  did  50 m g / k g  
i.p. affect  t he  ca t a l epsy  induced  b y  t e t r abenaz ine .  In  
ra ts ,  i.v. doses of be tween  0.5 a n d  20 m g / k g  p roduced  
n e i t h e r  s t e reo typ ies  nor  gnawing.  A p o m o r p h i n e ,  w h e n  
g iven  u n d e r  t he  same condi t ions ,  induced  g n a w i n g  w i t h i n  
30 rain,  w i t h  an  EDa0 of a b o u t  0.3 m g / k g  i.v. 

The re  are  two  possible  e x p l a n a t i o n s  for t i le  i n a c t i v i t y  
of the  a p o m o r p h i n e  homologue  2 : e i the r  t he  n i t rogen  a t o m  
is no t  p s e u d o e q u a t o r i a l  to  r ing  B, as in a p o m o r p h i n e ,  
b u t  axial,  and  t he  molecule  t h u s  does n o t  f i t  t h e  recep tor  ; 
or the  n i t rogen  a t o m  is e q u a t o r i a l  a n d  t h e  r ecep to r  is 
u n u s u a l l y  s ter ica l ly  sens i t ive  in t he  region to  which  t h e  
C-r ing of a p o m o r p h i n e  binds.  To d i s t ingu i sh  be tween  these  
two  possibil i t ies,  we h a v e  comple t ed  a c rys ta l  s t r u c t u r e  
ana lys i s  of the  d i m e t h o x y  ana logue  3. N M R - s p e c t r a  
h a v e  shown  t h a t  2 a n d  3 h a v e  iden t ica l  confo rma t ions .  
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