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S o m e  Observat ions  on the M e c h a n i s m  of Act ion of B aclofen (/5- Ch loropheny l -  7 - A m i n ~  Butyr ic  Acid)  

A considerable amount of evidence suggests a trans- 
mitter role for y-amino-butyric acid (GA13A) as an 
inhibitory transmitter in the mammalian brain 1. Fewer 
experimental data supporting the hypothesis that GA13A 
functions as a neurotransmitter in the mammalian spinal 
cord exist, but it may play a role in presynaptic inhibitory 
mechanisms3. Involvement of GA13A in spinal inhibitory 
systems would be of considerable interest in a pharma- 
cological approach to spinal spasticity where an enhanced 
activity of excitatory pathways may be responsible for 
the symptomatology 3. Since GABA does not penetrate 
the blood-brain barrier 4, a derivative which can cross this 
barrier, baclofen (fl-chlorophenyl-y-amino-butyrie acid, 
'Lioresal') has been used in the treatment of spastic 
patients with beneficial results 5. Whether the therapeutic 
value of baclofen is attributable to a GABA-like action 
has recently been questioned on the basis of electro- 
physiological experiments on the cat brain and spinal 
cord%L Because of the intrinsic complexity of the 
mammalian CNS, we decided to examine the effect of 
baclofen on a less complex synaptic region, the lobster 
neuromuscular junction where GABA is recognized as 
being the inhibitory neurotransmitter s. Moreover, as an 
antispastic agent would be expected to depress the motor 
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Fig. I. Hyperpolarizing electrotonie potentials produced by rectan- 
gular inward current pulses (4 • 10 7 A; 800 msec; 0.25 Hz) recorded 
at the middle of a single lobster muscle fibre (within 50 b~m of a 
central current microelectrode) in the claw opener muscle of the 
first walking leg (membrane potential --76 my). The muscle was 
bathed with drug solution during the periods indicated by the bars 
below each tracing. A) and B) show effects of 10 -~ M and 2 • 10 -3 M 
Baelofen respectively. C) shows effect of 4 • 10 5 M GABA. The 
reduction in amplitude of the hyperpolarizing potentials during 
application of GABA, indicates an increase in membrane conductance. 
Normal chart  speed was 50 mm/min.  Note slower chart  speed 
(25 mm/min) during offset of responses. 
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Fig. 2. Two representative experiments showing the effect of Baclofen 
(2 • 10 ~ M) (A) and GABA (10 -4 M) (B) on the spontaneous ACh 
release from the frog spinal cord. Abscissa: time (minutes). Ordinate : 
ACh release expressed as rig of ACh per ml of incubation medium in 
consecutive 10 min periods. 

~_ 30 
E 

- 20 

<o 

n e u r o n e  a c t i v i t y ,  t h e  a c t i o n  of  b a c l o f e n  o n  s p i n a l  a e e t y l -  
c h o l i n e  (ACh)  o u t p u t ,  w h i c h  m o s t l y  o r i g i n a t e s  f r o m  m o t o r  
n e u r o n e  f i b r e s  9, w a s  a l so  i n v e s t i g a t e d .  

Methods. F i b r e s  in  t h e  c l a w - o p e n e r  m u s c l e  of  t h e  w a l k i n g  
l eg  of t h e  l o b s t e r  (Homarus vulgaris) w e r e  e x p o s e d  a n d  
p e r f u s e d  c o n t i n u o u s l y  w i t h  a c r u s t a c e a n  R i n g e r  s o l u t i o n  10. 
M e m b r a n e  c o n d u c t a n c e  w a s  m e a s u r e d  b y  t h e  m e t h o d  of  
TAKEUCHI a n d  TAKEUCHIl l .  T h e  m e m b r a n e  p o t e n t i a l  a t  
t h e  c e n t r e  a n d  t e n d o n  e n d  of  a s i ng l e  s u p e r f i c i a l  m u s c l e  
f ib re  w a s  m o n i t o r e d  c o n t i n u o u s l y ,  u s i n g  2 i n t r a c e l l u l a r  
g l a s s  m i c r o e l e c t r o d e s  ( t ip  d i a m e t e r  < 1 ~,m) f i l led  w i t h  
2 M K - c i t r a t e  o r  3 M KC1. A 3rd  m i c r o e l e c t r o d e  f i l Ied 
w i t h  0.6 M K 3 S O  4 w a s  a l so  i n s e r t e d  a t  t h e  c e n t r e  of  t h e  
f ib re  w i t h i n  50 btm of  t h e  v o l t a g e  e l e c t r o d e  a n d  w a s  u s e d  t o  
p a s s  c o n s t a n t  h y p e r p o l a r i z i n g  c u r r e n t  p u l s e s  (800 m s e c ;  
0.25 Hz)  t h r o u g h  t h e  m e m b r a n e .  T h e  r e s u l t a n t  e l e c t r o n i c  
p o t e n t i a l s  w e r e  m o n i t o r e d  o n  a T e k t r o n i x  5 0 2 A  oscillo-.  
s c o p e  a n d  r e c o r d e d  on  a D e v i c e s  M X 4  c h a r t  r e c o r d e d .  Al l  
t h e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  a t  r o o m  t e m p e r a t u r e .  

T h e  s p o n t a n e o u s  A C h  o u t p u t  f r o m  t h e  f rog  s p i n a l  c o r d  
w a s  s t u d i e d  b y  t h e  m e t h o d  of  MITCHELL a n d  PHILLIS 9. 
F r o g s  ( R u n s  temporaria) w e r e  d e c e r e b r a t e d  a n d  t h e  s p i n a l  
co rd  r e m o v e d ,  h e m i s e c t e d  a n d  i n c u b a t e d  in  a 500 ~1 
b a t h  a t  14~ :Every  10 ra in ,  t h e  i n c u b a t i o n  f lu id  9 w a s  
co l l e c t ed  a n d  b i o a s s a y e d  o n  t h e  d o r s a l  m u s c l e  of  t h e  
l e e c h  12. 

Results.  T h e  m e m b r a n e  c o n d u c t a n c e  of  t h e  l o b s t e r  
m u s c l e  f ib re  w a s  n o t  s i g n i f i c a n t l y  a l t e r e d  b y  t h e  a p p l i c a -  
t i o n  of b a c l o f e n  (10 -4 t o  10 .3 M )  ( F i g u r e  1, A a n d  t3). 
C o n v e r s e l y ,  t h e  a d m i n i s t r a t i o n  of  G A B A  (10 -~ to  10 .3 M )  
w a s  f o l l o w e d  b y  l a rge  i n c r e a s e s  in  m e m b r a n e  c o n d u c t a n c e  
( F i g u r e  1, C) as  p r e v i o u s l y  r e p o r t e d  la,1~. B a c l o f e n  h a d  
no  e f f ec t  o n  t h e  G A B A  d o s e / c o n d u c t a n c e  c u r v e .  

I n  4 e x p e r i m e n t s ,  t h e  s p o n t a n e o u s  A C h  o u t p u t  f r o m  
t h e  f r o g  s p i n a l  co rd  w a s  r e d u c e d  b y  t h e  a p p l i c a t i o n  of 
b a c l o f e n  ( 2 •  M ) .  A 35.0 4- 9 . 0 %  ( m e a n  4- S E M )  
d e c r e a s e  in  A C h  o u t p u t  w a s  o b s e r v e d  o v e r  a p e r i o d  o f  
20 ra in ,  a f t e r  w h i c h  t h e  A C h  e f f l u x  r e t u r n e d  to  t h e  p r e -  
t r e a t m e n t  level ,  d e s p i t e  t h e  c o n t i n u e d  p r e s e n c e  of 
b a c l o f e n .  A n  e x a m p l e  of  t h i s  e f f ec t  is s h o w n  in  F i g u r e  2, A. 
T h e  r e d u c t i o n  in  A C h  r e l ea se  p r o d u c e d  b y  GA13A 
(10-4 M )  in  t h e  f i r s t  10 m i n  of a p p l i c a t i o n  w a s  m o r e  m a r k e d  
t h a n  t h a t  p r o d u c e d  b y  b a c l o f e n ,  a n d  o v e r  a p e r i o d  of  
20 m i n  i t  s h o w e d  a n  a v e r a g e  v a l u e  o f  48 .0  4- 7 . 5 %  ( F i g u r e  
2, B).  T h i s  e f f ec t  of  G A B A  l a s t e d  a s  l o n g  as  t h i s  s u b s t a n c e  
w a s  a d m i n i s t e r e d ,  a l t h o u g h  a t r a n s i e n t  r e t u r n  of  A C h  
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o u t p u t  to  t he  con t ro l  va lues  was of ten  obse rved  (Figure  2, 
B). I n a c t i v a t i o n  or t r a n s p o r t  processes  of these  2 sub-  
s tances  m i g h t  a c c o u n t  for t he  obse rved  r ecove ry  in  the  
ACh values.  

Discussion. G A B A  is t he  i n h i b i t o r y  t r a n s m i t t e r  a t  t h e  
c r u s t a c e a n  n e u r o m u s c u l a r  j u n c t i o n  s where  i t  increases  
m e m b r a n e  c o n d u c t a n c e  to  C1 -~*, a n d  i t  is sugges ted  as a 
m e d i a t o r  of p r e s y n a p t i c  i n h i b i t i o n  in  t he  a m p h i b i a n  
sp ina l  cord~5,~6; the re fo re  in  t h e  l a t t e r  a r educ t i on  in 
ACh o u t p u t  a f t e r  t he  a d m i n i s t r a t i o n  of G A B A  m a y  be  
t h e  r e su l t  of increased  i n h i b i t o r y  inf luences  on  m o t o r  
neu rones  w h i c h  are t he  m a i n  source of t h e  ACh re leased 
f rom th i s  p r e p a r a t i o n  9. Bac lofen  (10 4 to  10 -2 M) d id  
no t  ac t  in  a s imi la r  w ay  to  G A B A  a t  t he  lobs te r  neuro-  
m u s c u l a r  j unc t ion ,  and  a t  t he  dose of 2 • 10 4 M h a d  a 
weaker  a n d  sho r t e r  ac t ion  t h a n  G A B A  (10 -4 M) in t h e  
frog sp ina l  cord. This  accords  w i t h  p rev ious  f ind ings  on  
t h e  ca t  CNS ~, 7 where  bac lofen  is less p o t e n t  t h a n  G A B A  
and  seems to h a v e  a d i f fe ren t  m e c h a n i s m  of act ion.  I n  
t h e  sp ina l  cord, however ,  t he  a d m i n i s t r a t i o n  of bac lofen  
depresses  t he  n e u r o n a l  f i r ing  6 a n d  t h e  ACh release;  two 
f ind ings  wh ich  m i g h t  a c c o u n t  for i ts  an t i s pa s t i c  ac t ion .  
CURTIS e t  al. ~ a n d  DAVIES a n d  WATKINS 7 sugges ted  t h a t  
t he  effect  of bac lofen  m i g h t  der ive  f rom a n  i n t e r a c t i o n  
w i t h  c a t e c h o l a m i n e  receptors .  I t  seems the re fo re  t h a t  
bac lofen  does no t  ac t  v i a  G A B A  m echan i s m s .  T he  precise  

m e c h a n i s m  of ac t ion  of th i s  d rug  r ema ins  ye t  to  be  
e luc ida ted .  

Riassunto. I1 Bac lofen  (acido f l-clorofenil-y-amino- 
but i r r ico) ,  a d i f ferenza  del GABA,  non  modi f ica  la con- 
d u t t a n z a  di m e m b r a n a  della l i b r a  musco la re  di a ragos ta .  
I1 Bac lofen  r iduce  la l iberaz ione  di ace t i lcol ina  daI  
midol lo  sp inale  di r a n a ;  t a le  effe t to  ~ minore  di quel lo 
p r o d o t t o  dal  GABA.  Le due  sos tanze  s e m b r a n o  agire  
a t t r a v e r s o  d i f fe rent i  meccanismi .  
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Renal Effects of the Prosta~landins A~ and E~ in Hydrated and Hydropenic Dogs 

Differences  be tw een  p r o s t a g l a n d i n  A t a n d  E~ (PGA~, 
PGE2), w i t h  respec t  to  t h e i r  effects on rena l  b lood f low 
a n d  f luid a n d  e lec t ro ly te  exc re t ion  b y  t h e  dog k idney ,  
h a v e  been  r e p o r t e d  r ecen t l y  1-3. P G A i  increases  r ena l  
b lood  f low in m a x i m a l l y  effect ive  doses b y  a p p r o x i m a t e l y  
*/a w i t h  on ly  w e a k  effects on  exc re to ry  p a r a m e t e r s ,  
whereas  PGE2 increases  b lood  f low b y  up  to 80% a n d  
ur ine  o u t p u t  b y  more  t h a n  400 %. Since these  e x p e r i m e n t s  
were  pe r fo rmed  in dogs w i t h  t h e i r  f luid m e t a b o l i s m  in 
s t e a d y  s t a t e  u n d e r g o i n g  a s l igh t  NaCl-diuresis ,  no  ev idence  
could  b y  o b t a i n e d  on  t he  effects  of t h e  p r o s t a g l a n d i n s  
on  t h e  r ena l  h a n d l i n g  of free water .  On t he  o t h e r  h a n d ,  
effects on free w a t e r  exc re t ion  can  be  expec ted ,  s ince i t  is 
well  k n o w n  t h a t  p r o s t a g l a n d i n s  can  s t i m u l a t e  t he  
f o r m a t i o n  of c A M P  a n d  t h a t  P G E  2 i n h i b i t s  t h e  effects  of 
A D t I  in i so la ted  col lec t ing  duc t s  4. I n  t he  s t u d y  r epo r t ed  
here,  we infused  P G A ,  a n d  P G E ,  a t  t h e  m a x i m a l l y  
effect ive  r a t e  ~ of 1 btg/min i n to  1 r ena l  a r t e r y  of dogs 
wh ich  were e i t he r  in  h y d r o p e n i c  s t a t e  or u n d e r g o i n g  
w a t e r  d iures is  to  eva lua t e  t h e  effects on  free w a t e r  
r e a b s o r p t i o n  a n d  excre t ion .  I n  add i t ion ,  t he  u r i n a r y  
exc re t ion  of c A M P  was d e t e r m i n e d  in t he  an t id iu res i s  
expe r imen t s .  

Methods. The  e x p e r i m e n t s  were p e r f o r m e d  in 5 mongre l  
dogs of e i the r  sex weigh ing  17-20 kg. 3 ' h y d r o p e n i c '  dogs 
were dep r ived  of w a t e r  36 h pr io r  to  t h e  e x p e r i m e n t s  
w i t h  free access to  d r y  food. T h e y  rece ived  20 U vaso-  
press in  a f t e r  t h e  i n d u c t i o n  of anes thes ia ,  a n d  a n  in fus ion  
a t  3.5 m l / m i n  d u r i n g  t he  surgical  p rocedu re  a n d  a t  1.5 
m l / m i n  t h r o u g h o u t  t he  e x p e r i m e n t  w h i c h  c o n t a i n e d  
147 m E q / l  Na+, 4 mEq/1  K+, 140 mEq/1  C1- a n d  11 m E q / I  
HCOa-.  The  e x p e r i m e n t  was  no t  b e g u n  unless  u r i n a r y  
osmola l i ty  was  a t  leas t  1000 mosmol / I .  2 ' h y d r a t e d '  dogs  
were dep r ived  of food 24 h p r io r  to  t h e  e x p e r i m e n t s  w i t h  
free access to  water .  T h e y  rece ived  a n  in fus ion  of 0.3 M 
glucose a t  10-12 m l / m i n  a f t e r  i n d u c t i o n  of a n e s t h e s i a  for  

90 rain  d u r i n g  the  surgical  p rocedures  a n d  an  in fus ion  of 
0.15 M glucose, 73.5 mEq/1  Na  +, 2 mEq/1  K+, 70 mEq/1  
CI-  a n d  5.5 mEq/1  HCOa-  a t  10 m l / m i n  t h r o u g h o u t  t h e  
e x p e r i m e n t .  The  e x p e r i m e n t  was  no t  b e g u n  unless  
u r i n a r y  sod ium c o n c e n t r a t i o n  was be low 15 mEq/1.  

Anes thes ia ,  surgical  procedure ,  in fus ion  of p ros ta -  
g land ins  5 in to  t h e  left  r ena l  a r te ry ,  genera l  p ro toco l  of t he  
expe r imen t s ,  a n d  d e t e r m i n a t i o n  of rena l  b lood f low w i t h  
a n  e l ec t romagne t i c  f low meter ,  of g lomeru la r  f i l t r a t i on  
r a t e  (GFR)  as c learance  of c r ea t in ine  a n d  of t he  excre t ion  
of f luid a n d  e lec t ro ly tes  were ca r r ied  ou t  as descr ibed  
previously1,2.  The  c o n c e n t r a t i o n  of c A M P  in  t h e  u r ine  
of t he  infused  k i d n e y  was d e t e r m i n e d  b y  a radio  isotope 
d i lu t ion  t e s t  us ing  t he  t e s t  k i t  of B o e h r i n g e r / M a n n h e i m .  
To d i s c r im ina t e  effects b y  t h e  p r o s t a g l a n d i n s  f rom 
changes  of o the r  var iables ,  all  p a r a m e t e r s  f rom t h e  exper i -  
m e n t a l  k i d n e y  excep t  b lood flow and  C ~ o  or TcH2otwere 
r e l a t ed  to t he  con t ro l . k idney .  The  ra t ios  of e x p e r i m e n t a l  
(left) k i d n e y / c o n t r o l  (right) k i d n e y  d u r i n g  t h e  in fus ion  
of one of t he  p r o s t a g l a n d i n s  were expressed  in pe r cen t  of 
t h e  ra t ios  d u r i n g  t he  co r r e spond ing  con t ro l  periods.  

Results and discussion. None  of t he  2 p r o s t a g l a n d i n s  A1 
a n d  E 2 af fec ted  sys temic  b lood pressure  or G F R  a t  t h e  
doses appl ied  here.  The  effects of the  2 p r o s t a g l a n d i n s  
on b lood f low (BF),  u r i n a r y  f low r a t e  (UV) and  osmola r  
c learance  (Costa) are  d e m o n s t r a t e d  in t h e  Figure.  P G A  1 
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