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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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E P S P  in s ingle ceils were obse rved  b y  a n  in t r ace l lu l a r  
microe lec t rode  before  and  d u r i n g  an  app l i c a t i on  of GABA.  
The  a m p l i t u d e  of fas t  E P S P  was g radua l ly  depressed  
w i t h  no de t ec t ab l e  (Figure l -B)  or a s l igh t  depo la r i za t ion  
(less t h a n  3 mV) of t he  r e s t ing  m e m b r a n e  u n d e r  the  effect  
of GABA.  The  effect  of G A B A  on t he  ace ty lcho l ine  (ACh) 
sens i t i v i ty  of gang l ion  cells was s tud ied  b y  record ing  t he  
n ico t in ic  ACh depo la r i za t ion  p roduced  b y  d i rec t  appl ica-  
t ions  of ACh to  t he  pe r fusa t e  (Figure  1-C). No d e t e c t a b l e  
changes  of t he  a m p l i t u d e  of t he  ACh depo la r i za t ion  were 
obse rved  u n d e r  t h e  effect  of GABA.  

The  pregangl ion ic  ne rve  t e r m i n a l s  were depolar ized,  
whereas  t he  p regangl ion ic  ne rve  axons  were no t  affected,  
b y  t h e  ac t ion  of G A B A  (1-10 .2 m M )  (Figure  2-A). 
Namely ,  in  p regang l ion ic  ne rve  fibres,  t h e i r  t e r m i n a l  
m e m b r a n e  was se lec t ively  depolar ized  b y  GABA.  The  
depo la r i za t ion  of t he  p regangl ion ic  n e r v e  t e r m i n a l  was  
pa r t i a l l y  res to red  (unl ike t he  depo la r i za t ion  of gang l ion  
cells), w h e n  G A B A  was  app l ied  for more  t h a n  1 m i n  
(Figure  2-A). I t  has  been  k n o w n  t h a t  such  a depolar iza-  
t ion  of p regangl ion ic  ne rve  t e r m i n a l s  was  p roduced  b y  
the  ac t ion  of n ico t ine  3. The  G A B A  depo la r i za t ion  dis- 
appea red  d u r i n g  t h e  n ico t ine  depo la r i za t ion  of pre-  
gangl ionic  ne rve  t e r m i n a l s  (Figure  2-B). The  G A B A  
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Fig. 2. Depolarizations of preganglionic nerve terminals produced by 
the action of GABA (0.1 mM). These records were taken by the 
sucrose-gap method. A) Record 1 and 2 were recorded from pregan- 
glionic nerve terminals and preganglionic nerve axons, respectively, 
when GABA was applied (shown by arrows). B) GABA depolariza- 
tions produced before (1), 2 min (2) and 10 min (3) after an applica- 
tion of nicotine (0.12 raM). GABA was applied for approximately 
30-40 see (shown by arrows). Note the original potential levels shown 
by broken lines. C) Effect of picrotoxin (0.01 raM) on the GABA 
depolarization. Record 1 and 2 were taken before and 20 min after an 
application of picrotoxin, respectively, and record 3 was taken 30 min 
after its withdrawal. 

depolar iza t ion ,  however ,  could be p roduced  a f te r  a 
t r a n s i e n t  n ico t ine  depo la r i za t ion  subs ided  in t he  presence  
of n ico t ine  (Figure  2-B). F u r t h e r m o r e ,  t he  G A B A  
depo la r i za t ion  was p roduced  in Ca-def ic ient  (0.1 m M  
CaC12) R inge r ' s  so lu t ion  c o n t a i n i n g  6 m M  Mg. 

The  a m p l i t u d e  of G A B A  depo la r i za t ions  was decreased  
(or increased) ,  whi le  ne rve  t e r m i n a l s  were depolar ized  (or 
hyperpo la r i zed )  b y  a p p l y i n g  a c o n s t a n t  c a t h o d a l  (or 
anodal )  c u r r e n t  t h r o u g h  a b r idge-c i rcu i t  a. This  i nd i ca t ed  
t h a t  t he  G A B A  depo la r i za t ion  was p roduced  b y  an  in- 
crease of t i le m e m b r a n e  p e r m e a b i l i t y  to  some ions. The  
G A B A  depo la r i za t ion  r e m a i n e d  u n c h a n g e d  in t he  Na- f tee  
Tris solut ion.  

The  G A B A  depo la r i za t ion  could be  i n h i b i t e d  in t he  
presence  of p i c ro tox in  (Figure 2-C); w h e n  p i c ro tox in  
was appl ied  to  p repa ra t ions ,  no depo la r i za t ion  of n e r v e  
t e r m i n a l s  was  observed .  No effect  of s t r y c h i n i n e  on  t he  
G A B A  depo la r i za t ion  was observed .  I n h i b i t i o n s  of 
n e i t h e r  t h e  n ico t in ic  t r a n s m i s s i o n  no r  t he  depo la r i za t ion  
of p resynape ic  ne rve  t e r m i n a l s  were obse rved  in t h e  pre-  
sence of o the r  amino -ac ids  (less t h a n  1 raM),  such  as 
L-glu tamic  acid, glycine or fl-alanine. 

Discussion. Accord ing  to  t he  p r e sen t  expe r imen t ,  some 
k ind  of m e m b r a n e  recep to r  wh ich  is sens i t ive  to  G A B A  
seems to be  loca ted  a t  p regang l ion ic  ne rve  t e rmina l s .  
The  m a i n  cause  of t he  i n h i b i t i o n  of t he  n ico t in ic  t r ans -  
miss ion  in t he  p re sen t  p r e p a r a t i o n  was a p p a r e n t l y  due  to  a 
r educ t i on  of ACh release f rom p r e s y n a p t i c  ne rve  endings,  
be ing  caused  b y  t he  G A B A  depo la r i za t ion  a t  p regangl ion ic  
n e r v e  t e rmina l s .  

The  p r e sen t  resu l t s  sugges t  t h a t  t h e  G A B A  depolar iza-  
t ion  of p regangl ion ic  ne rve  t e r m i n a l s  m a y  be  due  to  a n  
increase  in  t he  m e m b r a n e  p e r m e a b i l i t y  to  c e r t a i n  ions, 
p r e s u m a b l y  sod ium a n d / o r  ch lor ide  ions. The  fac t  t h a t  no  
apprec iab le  changes  in t he  G A B A  depo la r i za t ion  were 
obse rved  in t h e  Na-f ree  Tris so lu t ion  sugges ted  t h a t  t h e  
G A B A  depo la r i za t ion  m i g h t  be  p roduced  b y  a n  increase  
of t he  m e m b r a n e  p e r m e a b i l i t y  to  chlor ide  ions. 

Zusammen/assung. Die h e m m e n d e  W i r k u n g  voi1 G A B A  
auf  die synap t i s che  T ransmi s s ion  wi rd  a n a l y s i e r t  u n d  
nachgewiesen ,  dass  der  A n g r i f f s p u n k t  des G A B A  of fenba r  
p r g s y n a p t i s c h  ist, i n d e m  es p r / i synap t i s ch  zu deu t l i che r  
Depo la r i s a t i on  f i ihrt .  
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S o d i u m  A c e t y l s a l i c y l a t e  Ef fec t iveness  A g a i n s t  Fever  Induced  by L e u k o c y t i c  P y r o g e n  and 

P r o s t a g l a n d i n  E1 in the  Cat 1 

Smal l  q u a n t i t i e s  of l eukocy t ic  py r ogen  (LP) p laced  
w i t h i n  t h e  t h i r d  ven t r i c l e  2 or d i r ec t ly  in to  t he  p r eop t i c /  
a n t e r i o r  h y p o t h a l a m i c  area  a,4 are  k n o w n  to evoke  a 
febri le  response  in t he  u n a n e s t h e t i z e d  an imal .  S o d i u m  
ace ty l sa l i cy la t e  (NaASA) has  been  s h o w n  to be  effect ive 
as a n  a n t i p y r e t i c  w h e n  a d m i n i s t e r e d  a t  t he  same loci2, ~. 
Since p r o s t a g l a n d i n  E1 (PGE1) has  also p r o v e d  to be  a 
p o t e n t  py re t i c  a g e n t  w h e n  d i sc re te ly  app l i ed  to  t he  same  
region of the  b r a i n  ~-* a n d  since t he  syn thes i s  a n d  release 
of endogenous  PG~; t are i n h i b i t e d  b y  N a A S A  9, VANE has  
p roposed  t h a t  py ro gen  fever  m a y  be  m e d i a t e d  b y  PGE1 in 
t h e  p r e o p t i c / a n t e r i o r  h y p o t h a l a m i c  area.  T he  a n t i p y r e t i c  
ac t ion  of N a A S A  aga i n s t  a con t ro l led  cha l lenge  of exo- 

genous  L P  a n d  P G E  1 has  been  ut i l ized here  to  f u r t h e r  
examine  t he  h y p o t h e s i s  t h a t  local  syn thes i s  a n d  release 
of P G E  1 are imp l i ca t ed  in t he  febri le  response  to leuko- 
cyt ic  pyrogen .  

Meterials and methods. Six h e a l t h y  ma le  ca t s  weighing  
be tween  3.6 a n d  4.1 kg were used  in t h i s  s tudy .  U n d e r  
h a l o t h a n e  anes thes ia ,  ce rebra l  c annu lae  were i m p l a n t e d  
s t e reo tax ica l ly  to  p rov ide  access to  t he  t h i r d  ventr ic le .  
Drug  t e s t s  were b e g u n  1 week a f te r  su rge ry  a n d  were 
c o n d u c t e d  a t  week ly  in t e rva l s  the rea f te r .  B o d y  t empe r -  
a t u r e  was assessed w i t h  a rec ta l  t h e r m i s t o r  a n d  tele- 
t h e r m o m e t e r  and  c o n t i n u o u s l y  r ecorded  on  a po lyg raph .  
N o r m a l  b o d y  t e m p e r a t u r e  was m o n i t o r e d  for  a t  leas t  1 h 


