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of s y m p a t h e t i c  neurons.  However ,  the  reduced  half-life 
of cardiac  noradrena l ine  af ter  chronic admin i s t r a t i on  of 
guane th id ine  indicates  t h a t  syn thes i s  of N A  still occurred 
and t h a t  t h e  organism t r ied  to  compensa t e  for t he  
deple ted  stores of t he  neu ro t r ansmi t t e r ,  noradrenMine.  
These b iochemical  resul ts  are suppor t ed  by  h is tochemica l  
f indings.  A comple te  deple t ion  of NA in the  s y m p a t h e t i c  
nerves  of r a t  iris was  observed  af ter  3 weeks  t r e a t m e n t  
wi th  guane th id ine  (25 mg/kg/day) .  However ,  a f ter  a 
pro longed t r e a t m e n t  w i th  the  same dose up to  5 weeks, a 
ref i l lment  in some of t he  s y m p a t h e t i c  nerves  in ra t  iris 
was observed  15 mii1 af ter  i.v. in ject ion of 0.2 ~zg/kg 
c~-methyl-noradr enaline xe. 

rung des endogenen  Noradrena l ingeha l tes  im Herzen  zu 
einer  ausgepri igten Ve rminde rung  der  A u fn ah me  yon  
~H-( - - ) -Noradrena l in  und  zu e inem s ta rk  beschleunig ten  
Noradrena l inumsa tz .  
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Aphrodisiac Effect of L-DOPA and Apomorphine 

In  our f i rs t  r epor t  on the  s t imu la to ry  effect  of para-  
ch lorophenyla lan ine  (PCPA) on male sexual  ac t iv i ty  in 
rats,  we observed  t h a t  male  to  male  m o u n t i n g  behav ior  
p roduced  by  th is  drug was grea t ly  p o t e n t i a t e d  by  par-  
gyline, a monoamine -ox idase  inh ib i to r  1. Since the  ad- 
min i s t r a t ion  of pargyl ine  to animals  t r ea t ed  wi th  PCPA,  
a specific inh ib i to r  of sero tonin  syn thes i s  ~, p roduces  a 
selective accumula t ion  of bra in  ca techolamines  in the  
absence  of serotonin,  we suggested t h a t  th is  m o n o a m i n e  
m i g h t  inh ib i t  and  ca techolamines  s t imula te  sexual  
behav ior  in rome animals  1. 

The p resen t  r epor t  shows t h a t  e i ther  apomorph ine ,  or a 
combina t ion  of Ro 4-4602 wi th  L-DOPA, increases the  
copu la to ry  behav ior  of sexual ly  s luggish male  rats ,  and  
t h a t  th is  effect  is p r even t ed  by  haloperidol .  In  addi t ion ,  
ha loper idol  suppresses  t he  spon taneous  copu la to ry  
behav iour  of ra t s  w i th  high level of sexual  ac t iv i ty .  These 
resul ts  suggest  t h a t  b ra in  dopamine  s t imula tes  copula tory  
behav ion r  in male  ra ts .  

Male wis ta r  rats ,  weighing 300 350 g, were housed 
individual ly ,  s t a r t ing  a t  least  1 week before the  beg inn ing  
of the  expe r imen ta l  period,  unde r  a reversed  l igh t -da rk  
cycle (with l ight  f rom 21.00 h to  09.00 h) and  fed ad 
l ib i tum.  E a c h  ra t  u n d e r w e n t  4 m a t i n g  tes t s  w i t h  a female  
in oestrus,  a t  weekly  intervals ,  as descr ibed below. A t  t he  

in Male Sexually Sluggish Rats 

end of th is  t r a in ing  period,  50 of these  ra t s  which  did no t  
reach e jacula t ion  in 3 out  of 4 of the  m a t i n g  tests ,  were 
classified as sexual ly  sluggish and  selected for th is  s tudy.  

Female  wis ta r  ra t s  were ovar iec tomized  3 weeks 
before use and b ro u g h t  in to  hea t  by  s.c. in jec t ions  of 
oest radiol  and proges te rone  in olive oil a. Mat ing  tes t s  
were carr ied out  dur ing  the  da rk  phase  of the  cycle, f rom 
10.00 h to 12.00 h, in a red l ight.  

A female was in t roduced  into t he  male ' s  own cage 
and  the  t e s t  was t e r m i n a t e d  if the  male ra t  failed to  
e jacula te  wi th in  30 min.  P a t t e r n s  of copu la to ry  behav iour  
were scored according to BEActt~. E v e r y  an imal  received 
one ma t i n g  t es t  under  each of the  6 t r e a t m e n t s  tes ted,  
according to  a la t in  square  design. 

The Table  shows the  effect  of apomorph ine  and  a 
combina t ion  of L-DOPA wi th  Ro 4-4602, a per iphera l ly  
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Stimulation by apomorphine or L-DOPA of the copulatory behaviour of male sluggish rats and inhibition of this effect by haloperidol 

Treatment Haloperidol 
(mg/kgi.p.) 

% of animals exhibiting at least one 

Mounting �9 Intrornission �9 ]~jaculation ~ 

Saline -- 58 54 14 

Apomorphine -- 80 80 62 

Ro4-4602 + L-DOPA - -  90 90 64 

Saline 1 0 0 0 

Apomorphine 1 20 20 12 

Ro 4-4602 + L-DOPA 1 10 10 0 

Each values was obtained from 50 rats. Each rat underwent different mating tests, at weekly interval, with and without treatment. Two doses 
of L-DOPA (100 mg/kg each) were injected i.p. 20 and 50 rain after Ro 4-4602, respectively. The experiment was performed x/2 h after the 
last treatment. �9 Occurring within 30 rain after male and female rats were paired. Apomorphine (0.5 mg/kg) and haloperidoI were injected 
15 rain and 2 h prior to the mating test, respectively. 
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ac t ing  deca rboxy lase  i n h i b i t o r  ~,6, on  t he  c o p u l a t o r y  
b e h a v i o u r  of male  s luggish rats .  B o t h  t r e a t m e n t s  signifi- 
c a n t l y  increased  the  p e r c e n t a g e  of an ima l s  showing  
moun t s ,  i n t romiss ions  and  e jacula t ions .  

The  aphrod i s i ac  effect  of L-DOPA and  a p o m o r p h i n e  
was p r e v e n t e d  b y  t he  a d m i n i s t r a t i o n  0! ha loper idol ,  a 
specific i n h i b i t o r  of d o p a m i n e  recep tors  in b r a i n L  I n  
add i t ion ,  ha loper ido l  comple te ly  suppressed  t he  c o p u l a t o r y  
b e h a v i o u r  s p o n t a n e o u s l y  p r e s e n t  in  male  rats .  

The  p r e sen t  i nves t i ga t i on  ha s  shown t h a t  t he  copu- 
l a to ry  b e h a v i o u r  of sexual ly  s luggish ma le  an ima l s  is 
s t i m u l a t e d  b y  a c o m b i n a t i o n  of L-DOPA w i t h  Ro 4-4602 
a n d  b y  apomorph ine .  Since t he  a d m i n i s t r a t i o n  of L-DOPA 
to  r a t s  t r e a t e d  w i t h  Ro 4-4602 has  been  shown  n o t  on ly  to  
increase  t he  c o n t e n t  of b r a i n  ca t echo l amines  ~, b u t  also to 
decrease  t h a t  of se ro ton in  8, t h e  s t i m u l a t o r y  effect  on 
male  copu la to ry  b e h a v i o u r  can  be  ascr ibed  to  e i the r  
m e c h a n i s m .  On the  o t h e r  hand ,  s ince a p o m o r p h i n e  is 
cons idered  to  ac t  as a d i r ec t  s t i m u l a n t  of t h e  d o p a m i n e  
receptors  in  b r a i n  9 t he  f ind ing  t h a t  th i s  c o m p o u n d  also 
s t i m u l a t e s  t he  c o p u l a t o r y  b e h a v i o u r  in male  r a t s  suppor t s  
t h e  hypo thes i s  t h a t  d o p a m i n e  p lays  a s t i m u l a t o r y  role 
on male  sexual  behav iour .  

Cons is ten t ly ,  t he  effect  of a p o m o r p h i n e  a n d  L-DOPA 
was p r e v e n t e d  b y  haloper idol ,  a specific i n h i b i t o r  of 
dopamine rg i c  recep tors  in b r a i n  7. Moreover ,  t h i s  d rug  also 

suppressed  t he  s p o n t a n e o u s  c o p u l a t o r y  b e h a v i o u r  of 
ma le  r a t s  w i t h  h igh  basa l  level  of sexua l  ac t iv i ty .  

Riassunto. L ' a p o m o r f i n a  e l ' associaz ione di  L-DOPA 
con Ro 4-4602, un  in ib i to re  del la  decarboss i las i  n o n  
cerebrale ,  s t i m o l a n 0  il c o m p o r t a m e n t o  copula tor io  nei  
r a t t i  m a s c h i  con  scarsa  a t t i v i t ~  sessuale di  base.  L ' e f fe t to  
afrodis iaco della L-DOPA e de l l ' apomor f ina  ~ p r e v e n u t o  
dal l ' a loper idolo ,  
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Effects of GABA on Presynaptic Nerve Terminals in Bullfrog 
( Rana catesbiana) Sympathetic Ganglia 

I t  is k n o w n  t h a t  t he  synap t i c  t r a n s m i s s i o n  in m a m m a -  
l i an  s y m p a t h e t i c  gangl ia  is i n h i b i t e d  b y  y - a m i n o - b u t y r i c  
acid (GABA) 1. The  s y n a p t i c  t r a n s m i s s i o n  in bul l f rog  
s y m p a t h e t i c  gang l ia  is also i n h i b i t e d  b y  t h e  ac t ion  of 
th i s  drug.  The  p re sen t  c o m m u n i c a t i o n  deals w i t h  t he  
p r e s y n a p t i c  i n h i b i t o r y  m e c h a n i s m  u n d e r l y i n g  such  an  
i n h i b i t o r y  ac t ion  of GABA.  
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Fig. 1. Effects of 0,1 mM GABA on the nicotinic transmission in 
bullfrog sympathetic ganglia, which was partially blocked by 
D-tuboeurarine (7 • 10 -~ mM). A) Inhibition of the nicotinic response 
of ganglion cells. These potentials were recorded by the sucrose-gap 
method before (1), 1 rain (2) and 7 min (3) after an application of 
GABA, and record 4 was taken 30 min after its withdrawal. Note the 
original potential level shown by broken lines. B) The fast EPSP 
recorded from a single ganglion cell before (1) and 1 min (2) after an 
application of GABA. Record 3 was taken 5 rain after its withdraw- 
al. Note the original potential level shown by broken lines. C) The 
nicotinic ACh depolarization produced by direct applications of ACh 
before (1) and 1 min (2) after an application of GABA. Record 3 was 
taken 3 rain after its withdrawal. 0.2 cm ~ ACh solution (10 mM 
ACh-CI in Ringer's solution) was injected into the perfusate at the 
moments shown by arrows. Note the original potential level shown 
by broken lines. 

Methods. P a r a v e r t e b r a l  s y m p a t h e t i c  gang l ion  cha ins  of 
bul l f rog  (Rana catesbiana) were used. The  synap t i c  
(nicotinic)  t r a n s m i s s i o n  m e d i a t e d  b y  t he  fas t  e x c i t a t o r y  
p o s t s y n a p t i c  p o t e n t i a l  ( fast  E P S P )  was  obse rved  b y  
app ly ing  s u p r a m a x i m a l  e lectr ical  s t i m u l a t i o n s  (0.5 msec 
pulses) to  p regangl ion ic  B ne rve  f ibres  2. The  m e m b r a n e  
p o t e n t i a l s  of p regangl ion ic  ne rve  axons ,  p regangl ion ic  
ne rve  t e rmina l s ,  and  gang l ion  ceils  were recorded  b y  t h e  
sucrose-gap method~,  4. The  in t r ace l lu l a r  p o t e n t i a l  of 
gang l ion  cells was  also recorded  s. Ion ic  compos i t i ons  of 
t he  R inge r ' s  so lu t ion  are as follows: 112 m M  NaC1, 
2 m M  KC1, 1.8 m M  CaCI~, a n d  2 m M  NaHCOa.  N a  ions 
in t he  R inge r ' s  so lu t ion  were t o t a l l y  rep laced  b y  equi-  
mo la r  tris ( h y d r o x y m e t h y l )  a m i n o m e t h a n e  for p r e p a r i n g  
t h e  Na-free  Tris solut ion.  P r e p a r a t i o n s  were  c o n t i n u o u s l y  
per fused  w i t h  a so lu t ion  f lowing t h r o u g h  a c h a m b e r  
(50 •  •  mm)  a t  t h e  r a t e  of 0.2 cma/sec. 

Results. The  n icot in ic  t r a n s m i s s i o n  in bul l f rog  sym-  
p a t h e t i c  gangl ia  was i n h i b i t e d  in t he  presence  of G A B A  in 
concen t r a t i ons  of 1-10 -2 m M .  Such  an  i n h i b i t i o n  could be  
obse rved  w h e n  G A B A  was app l ied  to  p r e p a r a t i o n s  of 
wh ich  n ico t in ic  t r a n s m i s s i o n s  were p a r t i a l l y  b locked  b y  
D- tubocura r ine  (7 • 10 .8 m M )  (Figure  l -A).  S y m p a t h e t i c  
gang l ion  cells were depolar ized  u n d e r  t h e  effect  of G A B A  1. 
As seeI1 in  F igure  l-A, t he  n ico t in ic  t r a n s m i s s i o n  was  
p a r t i a l l y  res tored,  whi le  t he  depo la r i za t ion  of gang l ion  
cells r e m a i n e d  unchanged ,  w h e n  G A B A  was appl ied  for 
more  t h a n  5-10 min .  

I n  order  to  clar i fy t h e  m e c h a n i s m  u n d e r l y i n g  t h e  
i n h i b i t i o n  of n ico t in ic  t r ansmiss ion ,  changes  in t he  fas t  
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