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Is ~-(4-Chlorophenyl)-GABA a Specific Antagonist of Substance P on Cerebral Cortical Neurons? 

J. w .  PHILLIS1 

Department o/ Physiology, College o/ Medicine, University o/ Saskatchewan, Saskatoon S7N OWO (Saskatchewan, 
Canada), 70 December 1975. 

Summary. /~-(4-chlorophenyl)-GABA (Baclofen, Lioresal) an tagonized  the  exc i t an t  act ions  of acetylchol ine  and  sub- 
s tance  P to  comparab le  ex ten ts .  L-g lu tamate- induced  exc i ta t ion  was affected to  a lesser ex t en t  These f indings do no t  
suppo r t  t he  suggest ion t h a t  ~-(4-chlorophenyl) -GABA is a specific subs tance  P antagonis t .  

~5-(4-Chlorophenyl)-y-aminobutyric acid (/5-CPG, Bac- 
lofen, Lioresal), a der iva t ive  of y -aminobu ty r i c  acid 
(GABA), is be t t e r  able to pene t r a t e  t he  b lood-bra in  barr ier  
t h a n  the  la t t e r  on sys temic  admin i s t r a t i on  and has p roven  
to  be effect ive in al leviat ion of spas t ic i ty  resul t ing f rom a 
va r i e ty  of neurological  disorders  2. 

Because of its s t ruc tu ra l  resemblance  to  GABA, i t  was 
ini t ia l ly pos tu la t ed  t h a t  ~-CPG m i g h t  funct ion  b y  ac t iva t -  
ing GABA receptors  on neurons  in t he  spinal  cord, where  
it had  been shown to  reduce  b o t h  m o n o s y n a p t i c  and  
po lysynap t i c  reflexes. F u r t h e r  expe r imen t s  have  rendered  
th is  exp lana t ion  un tenab le  as t he  act ions  of ~-CPG were 
no t  an tagonized  b y  bicucull ine and  occurred in the  absence 
of any  p ronounced  a l te ra t ions  in the  electrical p roper t ies  
of the  m o t o n e u r o n  m e m b r a n e  3-6. An a l t e rna t ive  explana-  
t ion,  name ly  t h a t  ~-CPG depressed reflexes b y  a pre-  

synap t i c  mechanism,  was suggested to  account  for the  
expe r imen ta l  f indings ~, 7. 

I t  has  recent ly  been  claimed t h a t  /%CPG is a specific 
an tagon i s t  of subs tance  P and t h a t  the  depress ion of 
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A) Ratemeter recording of the firing- of a single corticospinal neuron. Substance P (SP, 40 hA) and aeetylcholine (A, 40 nA) excitation of 
this neuron, as well as its spontaneous discharge, were substantially depressed during the application of/~-chlorophenyl-GABA (~-CPG, 2 nA). 
Recovery occurred rapidly once the/~-CPG application was terminated. Periods of drug application are indicated by the horizontal bars 
above the trace. The ordinate is calibrated in spikes per second. B) Ratemeter recording of an unidentified cortical neuron. Acetylcholine 
(A, 40 hA) and L-glutamate (G, 40 hA) excited this cell. During the application of ~-CPG Ach excitation, but not that evoked by L-glutamate, 
was antagonized. Recovery of the Ach response is apparent shortly after the termination of the/~-CPG application. 
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m o n o s y n a p t i c  reflexes b y  /3-CPG there fore  cons t i t u t e s  
f u r t h e r  ev idence  in s u p p o r t  of t he  h y p o t h e s i s  t h a t  sub-  
s tance  P is t h e  t r a n s m i t t e r  re leased b y  p r i m a r y  a f fe ren t  
f ibres  s. Neurons  in t h e  r a t  ce rebra l  cor tex  can  be  exci ted  
b y  s u b s t a n c e  P, ace ty lcho l ine  (Ach) and  L-g lu tamate  9,10. 
In  the  p r e sen t  e x p e r i m e n t s  t h e  specif ic i ty  of /%CPG an-  
t a g o n i s m  of s u b s t a n c e  P has  been  e v a l u a t e d  on  these  
neurons ,  u t i l iz ing  Ach-  and  L-g lu t ama te - induced  exci ta-  
t ions  for compar isons .  

Methods. 6 male  Sprague -Dawley  ra t s  were anaes the -  
t ized  w i t h  m e t h o x y f l u r a n e ,  n i t rous  oxide and  oxygen  and  
m o u n t e d  in a s te reo tax ic  f r ame  as descr ibed p rev ious ly  10. 
A n  elect rode was p laced  in t he  ips i la te ra l  m e d u l l a r y  pyra -  
m i d a l  t r a c t  for iden t i f i ca t ion  of cor t icosp ina l  neurons .  
E x t r a c e l l u l a r  ac t ion  po t en t i a l s  of neu rons  in t he  sensori-  
m o t o r  cor tex  were recorded  t h r o u g h  t h e  cen t re  ba r r e l  
(2 M NaC1) of s even-ba r re l  mic rop ipe t tes .  The  r e m a i n i n g  
bar re l s  were filled b y  cen t r i f uga t i on  w i t h  var ious  combina -  
t ions  of the  fol lowing d rug  solut ions  : ace ty lchol ine  chlor ide  
(0.1 M,  p i t  5.0), L-g lu tamate  (0.2 M,  p H  8.0), s u b s t a n c e  
P (0.0008 M, p H  6.5, Beckman) ,  G A B A  (0.2 M,  p H  6.0), 
# -CPG (0.04 M, p H  3.5), NaC1 (2 M).  A n t i d r o m i c  s t imula -  
t ion  of the  p y r a m i d a l  t r a c t  was  used to i den t i fy  cort ico-  
spinal  neu rons  b y  p rev ious ly  es tab l i shed  cr i te r ia  10. 

Results. The  m a j o r i t y  of these  s tudies  were conduc t ed  
on deep, s p o n t a n e o u s l y  f i r ing  cor t ica l  neurons ,  inc lud ing  
ident i f ied  cor t i cosp ina l  neurons .  In  c o n f i r m a t i o n  of 
p rev ious  obse rva t ions ,  Ach a n d  s u b s t a n c e  P exci ted  cells 
of th i s  type .  Of t he  47 un iden t i f i ed  neu rons  t e s t ed  w i t h  
b o t h  subs tances ,  31 (66%) were exc i ted  b y  s u b s t a n c e  P 
and  39 (83%) b y  Ach.  S u b s t a n c e  P exci ted  25 (93o/o) and  
Ach  26 (96%) of t he  27 ident i f ied  cor t icosp ina l  neu rons  
tes ted .  The  p o t e n c y  of s u b s t a n c e  P as a n  e x c i t a n t  showed 
some v a r i a b i l i t y  f rom elect rode to e lect rode a n d  its effects 
were f r e q u e n t l y  tess p r o n o u n c e d  t h a n  those  of Aeh appl ied  
f rom a n o t h e r  ba r r e l  of t he  same  electrode.  E x c i t a t i o n s  
evoked  b y  b o t h  subs t ances  usua l ly  h a d  a longer  l a t ency  
t h a n  t h a t  obse rved  for L-g lu tamate -e l i c i t ed  exc i ta t ion ,  
and  t h a t  i n i t i a t ed  b y  s u b s t a n c e  P t ook  one or more  mi-  
nu t e s  to  subside.  

fi-CPG a d m i n i s t e r e d  b y  ca t ion ic  cu r r en t s  (1-30 nA) 
r eve r s ib ly  reduced  the  f i r ing ra t e  of s p o n t a n e o u s l y  ac t ive  

or d rug-exc i t ed  neurons .  I n  compar i son  w i t h  GABA,  t he  
d e v e l o p m e n t  of /~-CPG's effect  was slow (in excess of 1 
min)  and  recovery  was prolonged,  f r e q u e n t l y  t a k i n g  1 
to 3 min.  If  suff ic ient  t i m e  was a l lowed for t he  develop-  
m e n t  of a m a x i m a l  effect, # -CPG a p p e a r e d  to  be a l m o s t  
e q u i p o t e n t  w i t h  G A B A  as a d e p r e s s a n t  on  t he  basis  of 
e q u i v a l e n t  e lec t rophore t i c  cur ren ts .  /3-CPG was t e s t ed  on  
28 un iden t i f i ed  neu rons  and  12 ident i f ied  cor t i cosp ina l  
cells. As is i l l u s t r a t ed  in F igure  A, no  se lec t iv i ty  could be  
d e m o n s t r a t e d  be tween  t he  d e p r e s s a n t  effects of #-CPG 
on spon taneous ,  Ach  and  s u b s t a n c e  P evoked  exc i ta t ion .  
I n  eve ry  in s t ance  a r educ t i on  in s u b s t a n c e  P -evoked  
f i r ing  was para l le led  b y  t h a t  in t he  Ach- induced  response.  
The  recovery  curves  were also comparab le .  E x c i t a t i o n  
evoked  b y  pulses of L-g lu tamate  was less af fected b y  
/3-CPG (see F igure  B), la rger  app l i ca t ion  cu r r en t s  be ing  
necessa ry  to b lock  t he  g l u t a m a t e  effect. 

Discussion. The  p r e sen t  obse rva t ions  conf i rm prev ious  
f indings  of a d e p r e s s a n t  ac t ion  of e l ec t rophore t i ca l ly  
appl ied  ~-CPG on cerebra l  cor t ical  neu rons  4, 5. No ev idence  
was o b t a i n e d  t h a t  fl-CPG is able  to  se lec t ive ly  a n t a g -  
onize s u b s t a n c e  P - induced  exc i t a t ion  of ce rebra l  cor t ica l  
neurons ,  as Ach exc i t a t i on  was a lways  affected to a com- 
pa r ab l e  ex ten t .  E x c i t a t i o n  evoked  b y  L-g lu t ama te  was 
r e l a t ive ly  r e s i s t a n t  to  depress ion  b y  /%CPG, a n  observa-  
t ion  t h a t  is cons i s t en t  w i t h  f ind ings  on isola ted per fused  
a m p h i b i a n  and  m a m m a l i a n  sp ina l  cords  6, 8. 

The  precise m e c h a n i s m  of ac t ion  o f /3 -CPG r ema ins  to  
be e luc ida ted .  Since the  G A B A  an tagon i s t ,  bicucul l ine,  
does n o t  reduce  t h e  effect  of/5-CPG 4, 5, a c t i v a t i o n  of G A B A  
receptors  seems to be an  un l ike ly  e x p l a n a t i o n  for i ts  
d e p r e s s a n t  ac t ion ,  fl-CPG depresses  e x c i t a t o r y  pos t -  
s y n a p t i c  po t en t i a l s  in t he  absence  of a n y  changes  in mere-  

. b r a h e  exc i t ab i l i t y  8, a n  obse rva t i on  which,  t a k e n  in con- 
j u n c t i o n  w i t h  t h e  p r e sen t  f indings,  suggests  t h a t  a t  leas t  
p a r t  of i ts  ac t ion  m a y  be  to in te r fe re  w i t h  t he  effects of 
va r ious  p u t a t i v e  e x c i t a t o r y  t r a n s m i t t e r  agents .  
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Summary. The  2nd c-wave  is a new wave  of co rneore t ina l  p o t e n t i a l  wh ich  is an  on- response  w i t h  a long l a t ency  (65 98 
sec), and  appea r s  fol lowing t he  end  of t he  c-wave of E R G .  I t  is sugges ted  t h a t  tire 2rid c-wave is ba sed  on t h e  ta i l  of 
t he  la te  recep tor  p o t e n t i a l  of the  re t ina .  

W e  descr ibe here  a new wave  of the  co rneo re t ina l  
p o t e n t i a l  wh ich  is an  on- response  and  appea r s  w i t h i n  a 
ce r t a in  period,  r ang ing  f rom t he  end  of t he  c-wave of t h e  
e l ec t ro re t i nog ram (E1RG) to  t he  l igh t  peak  of t he  corneo-  
r e t i na l  s t a n d i n g  po ten t i a l .  T he  wave  was t e n t a t i v e l y  
t e r m e d  b y  us ' 2nd  c-wave ' ,  for  t h e  fol lowing reason :  - t he  
a m p l i t u d e  of t he  2nd e-wave increases  f r e q u e n t l y  w i t h  
increase  in t h a t  of t he  c -wave  and  vice versa1. 

T w e n t y  a d u l t  ca ts  were used. Before  recordings,  the  
ca t  was  k e p t  in da rkness  for 30 rain.  The  co rneore t ina l  
p o t e n t i a l  was p icked  up  b y  2 Z n - Z nSO  4 nonpo la r i z ing  
e lect rodes  w i t h  c o t t o n  wicks be t w een  the  cornea  and  t h e  
incized skin of t he  uppe r  lid. T he  p o t e n t i a l  was t h e n  led to 
a pen-osc i l lograph  t h r o u g h  a h igh  i m p e d a n c e  DC am-  

plifier. Anes thes i a  was m a i n t a i n e d  w i t h  n i t rous  oxide  in 
oxygen  (80%/20%)  a f te r  in i t ia l  p r e p a r a t i o n  w i t h  halo-  
t h a n e  (2%). Pa ra lys i s  of t he  eye muscles  a n d  t he  m a i n -  
t e n a n c e  of v e n t i l a t i o n  and  t e m p e r a t u r e  h a v e  been  desc- 
r ibed  elsewhere 2. The  pupi l  was  d i l a t ed  w i t h  1% a t ro-  
p ine  sulfate.  The  co rnea  was p ro t ec t ed  b y  a c o n t a c t  lens 
f rom d ry ing  out .  The  l igh t  f rom a x e n o n  arc  l amp  was 
d i rec ted  to t h e  eye b y  m e a n s  of Maxwel l i an  view. The  
i n t e n s i t y  of t he  l igh t  was  1000 lx a t  t he  corneal  surface  
and  va r i ed  b y  use of n e u t r a l  dens i ty  filtres. The  l igh t  
d u r a t i o n  was p rov ided  b y  a n  e l ec t romagne t i c  shu t t e r .  

F o u r  t races  of t he  co rneo re t ina l  p o t e n t i a l  shown  in 
F igure  1 differ  f rom each  o the r  as to  t h e  c-wave.  The  1st 
t r ace  (1) i l lus t ra tes  t he  m o s t  c o m m o n  shape.  The  3rd and  


