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Gamma Aminobutyric Acid Induced Changes in 
the Spontaneous Firing Rates of Insect Neurons 

Prev ious  w o r k  h a s  s h o w n  t h a t  G A B A  ( 7 - a m i n o b u t y r i c  
acid) is f o u n d  in n e r v o u s  t i s sue  x,l, a n d  t h a t  i t  h a s  a n  in-  
h i b i t o r y  in f luence  on  n e u r o n s  ",~ a n d  on  some  ske le t a l  
musc le  cells in  i n sec t sL  A f a c t o r  w h i c h  i n h i b i t s  c ray f i sh  
s t r e t ch - r ecep to r s ,  c o n c e n t r a t e d  f rom beef  b r a i n  ex t r ac t s ,  
was  f o u n d  to  b e  G A B A  ~. 

E x p e r i m e n t s  b y  USHERWOOD a n d  GRUNDFEST on  per i -  
p h e r a l  i n h i b i t i o n  in  i n sec t  musc les  s h o w e d  t h a t  G A B A  
mimics  t h e  effects  of s t i m u l a t i n g  a n  i n h i b i t o r y  a x o n  ~. 
VERESHTCHAGIU e t  al.  also r e p o r t e d  t h a t  G A B A  de-  
pressed  b ioe lec t r i ca l  a c t i v i t y  in  gangl ia  of t h e  P ine  M o t h  
ca t e rp i l l a r  ~. %¥e the re fo re  expec t ed  t h a t  s p o n t a n e o u s  
n e u r a l  f i r ing  in  i so la ted  insec t  gang l i a  would  be  i n h i b i t e d  
b y  pe r fus ing  w i t h  sa l ine  c o n t a i n i n g  v a r y i n g  c o n c e n t r a -  
t ions  of G A B A .  W e  se lec ted  G A B A  for t h i s  work  p a r t l y  
because  we w a n t e d  a n  i n h i b i t o r y  s u b s t a n c e  to  t e s t  a n  
' a c t i v i t y  c l a m p '  t e c h n i q u e  b e i n g  deve loped  for  q u a n t i t a -  
t i ve  p h a r m a c o l o g i c a l  i n v e s t i g a t i o n s  of t he se  neurons .  

Methods. Figure  1 shows  a b lock  d i a g r a m  of t he  ap-  
p a r a t u s .  A gang l ion  d i ssec ted  f rom a cock roach  (male, 
species Periplanela americana) was a t t a c h e d  to  a n  elec- 
t r ode  a s s e m b l y  b y  suck ing  a c o n n e c t i v e  i n to  a glass 
cap i l l a ry  t u b e  where  i t  c o n t a c t e d  i e lec t rode.  T h e  gang l ion  
i tsel f  r e s t ed  o n  t he  o t h e r  e lectrode.  T he  p r e p a r a t i o n  was  
i m m e r s e d  in  a f low of R i n g e r - H o y l e  so lu t ion  pass ing  
t h r o u g h  a T - tube .  A m o t o r - d r i v e n  syr inge  i n j ec t ed  G A B A  
so lu t i on  i n to  t h e  f low s y s t e m  j u s t  a h e a d  of t h e  p r e p a r a -  
t i o n  in  such  a w a y  t h a t  t o t a l  f low r a t e  was  c o n s t a n t ;  t h u s ,  
G A B A  c o n c e n t r a t i o n  was  p r o p o r t i o n a l  to  sy r inge  ra t e .  
T h e  s p o n t a n e o u s  pulses  were ampl i f i ed  a n d  r eco rded  on  
one  c h a n n e l  of s te reo  m a g n e t i c  t a p e ;  t h e  o t h e r  c h a n n e l  
was  used  for  v e r b a l  m o n i t o r i n g  of t i m e  a n d  e x p e r i m e n t a l  
cond i t ions .  

T h e  ampl i f i ed  pulses  were also fed i n to  a pulse  r a t e  
t a c h o m e t e r  w h i c h  gave  a dc  o u t p u t  p r o p o r t i o n a l  to  t h e  
n u m b e r  of pulses  pe r  u n i t  t ime .  Th i s  dc  o u t p u t  was  used 
in 2 ways :  (1) to  m a k e  a c h a r t  r e co rd ing  of a gang l ion ' s  
pulse  ra te ,  a n d  (2) to  con t ro l  t he  syr inge  ra te .  T he  pur -  
pose of t h e  l a t t e r  was to  see if a n  ' a c t i v i t y  c l a m p '  could  
be  ach i eved  b y  i n j e c t i n g  G A B A  a t  a r a t e  p r o p o r t i o n a l  to  
t h e  n e u r a l  f i r ing  ra te .  A t  low pulse  r a t e s  t he  pulse  r a t e  
t a c h o m e t e r  d r ives  t h e  syr inge  s lowly or  n o t  a t  all. W i t h  
a r ise in  ac t iv i ty ,  i n j e c t i o n  of G A B A  in to  t he  s y s t e m  in-  
creases.  I f  G A B A  were i nh ib i t o ry ,  t h i s  shou ld  r educe  t he  
a c t i v i t y  level,  a n d  t h e  cycle should  r e p e a t  w i t h  a c t i v i t y  
osc i l la t ing  a b o u t  some c o n s t a n t  level.  T he  syr inge  was 
s o m e t i m e s  d r i v e n  a t  c o n s t a n t  r a t e s  b y  e x t e r n a l  dc s ignals  
t o  insure  t h a t  t h e  f e e d b a c k  s y s t e m  was  n o t  p r o d u c i n g  
e x t r a n e o u s  effects.  

Resulgs. W h e n  p laced  in f lowing  R i n g e r - H o y l e  so lu t ion  
a n d  lef t  on  i t s  own,  a gang l ion  would  e m i t  s p o n t a n e o u s  
n e r v e  pulses  h a v i n g  a m p l i t u d e s  f rom 10-200 /zV for  u p  
t o  6 h.  I n  these  e x p e r i m e n t s  w i t h  G A B A  appl ied  per iod i -  
cal ly,  s p o n t a n e o u s  a c t i v i t y  l a s t ed  2 or  3 h on  t h e  average ,  
w i t h  r u n s  as s h o r t  as  ~/z h or  as  long  as  6 h.  12 d i f f e ren t  
r ecord ings  were  m a d e  r e p r e s e n t i n g  38 h of a c t i v i t y  a n d  
a b o u t  100 G A B A  in jec t ions  a t  c o n c e n t r a t i o n s  f rom 
0.1-25 • 1 0 - 4 M  a r o u n d  t he  gangl ion.  I n  80% of t he  cases, 
i n j ec t i on  of  G A B A  was fol lowed b y  a d rop  in  a c t i v i t y  
level.  The  re sponse  m o s t  f r e q u e n t l y  obse rved  b e g a n  w i t h  
a s h a r p  rise, fol lowed b y  a qu ick  drop,  a n d  o f t en  comple t e  
cessa t ion  of ac t iv i ty .  An  exam pl e  is seen in t he  sec t ion  
of c h a r t  r eco rd ing  in F igu re  2(A). Af te r  such  a response  
where  cu t -of f  occurred ,  t he  syr inge  was  usua l ly  t unxed  
off;  if r e c o v e r y  ensued ,  i t  would  t ake  f rom 10-20 rain.  A 
less f r e q u e n t l y  seen re sponse  was a n  i m m e d i a t e  d rop  f rom 

t h e  in i t ia l  a c t i v i t y  level.  Th i s  v a r i e d  f r o m  a sharp ,  r ap id  
d rop  to  a slow, s o m e t i m e s  dg layed  decline.  

I n  t he  r a n g e  of c o n c e n t r a t i o n s  t r ied ,  we could  n o t  
e s t ab l i sh  a n  overa l l  t h r e s h o l d  c o n c e n t r a t i o n  a b o v e  w h i c h  
G A B A  h a d  a n  ef fec t  o n  all  gangl ia .  T h r o u g h o u t  t h e  en t i r e  
r a n g e  of c o n c e n t r a t i o n s  a l l  t y p e s  of  r esponses  were  ob-  
se rved .  Howeve r ,  i n d i v i d u a l  gang l i a  d id  e x h i b i t  t h r e s h -  
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Fig. I. Block diagram of experimental apparatus. 
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Fig. 2. (A) Recovery of activity from previous injection followed by 
injection of GABA. The response was an increase in activity, then 
complete eessation. Recovery again ensued 15 min after turning off 
the syringe. (B) Threshold effect, There was no significant response 
to GABA below a concentration of 16. 10-4M. The syringe was 
turned off after cessation of activity and the ganglion recovered 10 
rain later. (C) Syringe was driven at a rate proportionaI to the gang- 
lion's activity. The pulse rate signal turned the syringe 'on' and 'off' 
as activity oscillated around an impulse frequency which caused an 
average GABA concentration of about I • 10-4M. The final drop 
represents dying of this preparation. Calibrations in (A) apply to alI 
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olds. A gangl ion would  seem unaf fec ted  by  low concen-  
t rat ions,  b u t  as h igher  concen t ra t ions  were t r ied,  one 
would appear  a t  which  an effect  was not iced.  F o r  example ,  
m F igure  2(B) the re  is no response to  1 . 6 . 1 0 - ~ M  or  
4 . 9 . 1 0 - * M  GABA,  b u t  a d rop  in a c t i v i t y  follows ap-  
pl icat ion of  1 6 . 1 0 - * M ,  Subsequen t  r ecovery  wi th  the  
syringe off showed this  was no t  due to de te r io ra t ion  of the  
ganglion. Compar ison  wi th  the  pronounced  effect  of 
0.57. 10 -*M G A B A  seen in F igure  2(A) indicates  the  
wide va r i ab i l i t y  in sens i t iv i ty  of these  neurons  to GABA.  
In  general,  comple te  cessat ion of a c t i v i t y  occurred more  
often a t  concent ra t ions  > 1 0 . 1 0 - * M .  For  lov/er con- 
cent ra t ions  the  usual  response was a decrease in a c t i v i t y  
bu t  n o t  comple te  cessation.  

F igure  2(C) shows an  example  where  t he  syr inge  was  
left  on, d r iven  by  the  pulse ra te  signal. The  oscil lat ions 
about  a level  demons t r a t e  t h a t  an  a c t i v i t y  c l amp  can be  
achieved.  

The  ini t ia l  increase in neura l  f ir ing ra te  which usual ly  
preceded the  decline in ac t i v i t y  in our  exper iments  was 
not  ant ic ipated ,  since mos t  repor ts  on effects of G A B A  
emphasize  i ts  inh ib i to ry  action.  W i t h  the  large electrodes 
we used, the  pulse ra te  f rom a gangl ion is a sum of the  
ind iv idual  pu lse  ra tes  of m a n y  neurons.  The  rise in ac- 
t i v i t y  a t  the  s ta r t  of G A B A  in jec t ion  migh t  come f rom 
some neurons  which  axe s t imula ted  b y  GABA,  wi th  t he  
subsequent  decline ind ica t ing  the  more  c o m m o n l y  ob- 
served inhibi t ion.  Ano the r  poss ibi l i ty  is t h a t  t he  exci ta-  
to ry  and inh ib i to ry  phases are  due  to  ac t ion  of t he  d rug  
on dif ferent  par ts  of t he  neurons.  As G A B A  diffused into  

a gangl ion f rom the  saline solut ion,  i t  would  reach  the  
per iphera l ly-disposed cell  bodies before  pass ing in to  t he  
neuropi le  region. KUFFLER and  EDWARDS s proposed  t h a t  
a m e c h a n i s m  for ac t ion  of G A B A  is to  cause increased 
conduc tance  in dendr i t e  and  cell  b o d y  membranes .  Per -  
haps  the  observed  exc i t a to ry  effect  comes f rom increased 
conduc tance  in the  cell  body,  while  the  inh ib i to ry  effect  
results  f rom a s imilar  ac t ion  on the  dendr i tes  L 

Zusammenfassung. ~-Aminobut te r sgure  (GABA) ver-  
m inde r t  die Impuls f requenz  der  spon t an -ak t i ven  Nerven-  
zellen be im Insekt .  Wi rksame  Konzen t r a t i onen  be t ragen  
0,1-25 • IO-~M, Ein  une rwar t e t e s  Ergebnis  war  die Be-  
obach tung ,  dass nach  App l ika t ion  y o n  G A B A  eine 
E r h 6 h u n g  der  Impu t s f r equenz  v o r  der  Ve rminde rung  
s ta t t f inde t .  
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t~ber e inen die SamenbHischen h e m m e n d e n  
Stoff  aus  Luzerne  

Dass F t i t t e rung  yon Luzerne die Fer t i l i t~ t  der  Haus-  
und Labora to r iums t i e re  nega t iv  beeinfiussen kann,  be- 
weisen mehrere  Forschungsergebnisse  (ZADINA und 
GEISSLER1, FOLTYN2, ADLER und TRAININ 8, CHUR~ und 
PA,~EK4). Der  Mechanismus dieser  Wi rkung  infolge Lu-  
zernef i i t te rung konn te  bisher  n icht  n~.her abgekl~Lrt wer- 
den. ADLER und TRAININ ~ nehmen  zum Beispiel  an,  dass 
diese W i r k u n g  eng m i t  d e m  Phy to6s t rogengeha l t  dieser  
Pflanze zusammenh~ngt; ZADINA nnd GEISSLER t glau- 
ben, dass es sich um den Effekt eines Glykosids oder 
antithyreoidalen Stoffes handle. Nach den Angaben yon 
ZADINA und GEISSLER 1 i thnelt  die Wi rkung  yon Luzerne-  
f i i t t e rung sehr  dem Ef fek t  yon  L i thospe rmum-Axten ;  bei 
diesen wurde  der  an t igonada le  Ef fek t  yon  verschiedenen 
Autoren  fes tgeste l l t  (CRA~qSTON 5, DRASHER 6, PLUNKET 
and  ~IOBLE ?, JURAND s, KEMPER und  LOESER 9,10, BRENE- 
~AN et  al .U).  Nach  GASSNER et  al. 12 soil ftir den E f f ek t  
bei L i t h o s p e r m u m - A r t e n  eine Polyphenols/~ure ve ran t -  
wor t l ich  sein. Un te r suchungen  yon Luzerne  zeigen, dass 
diese Pf lanze  5strogen sowie auch ant iSs t rogen wi rksame 
Stoffe en th~l t  (CHENG et  al. is, ANDREWS 14, CttURq 15, 
ADLER I~, ROLINSKI17). Man k6nnte  d a r u m  diesen E f f ek t  
yon Luzerne f i i t t e rung  auf  den  Geha l t  der  genann ten  
Stoffe zurfickftihren. Da aber  in de r  Luzerne  die Menge 
yon Phy to6s t rogenen  verhii l tnism/issig s ta rk  schwank t  
(CHuR,2 is) und well  dieser ant i fer t i le  Ef fek t  der  Luzerne-  
f i i t t e rung auch nach  E n t f e r n u n g  yon  Phy to6s t rogenen  
und Ant i6s t rogenen  erha l ten  b le ib t  (PXNEI( and  CHURq ~9), 

muss a n g e n o m m e n  werden,  dass ausserdem noch ein un-  
bekann te r  Stoff  m i t  d e m  ant i fe r t i len  E f f e k t  der  Luzerne  
zu tun  hat .  Ffir  eine solche A n n a h m e  sprechen auch  die 
Angaben  yon  KARG 2°. Anknt ipfend  an unsere Voraus-  
se tzungen und fr t iheren Versuche bemt ih ten  wir  uns, die 
ant i fer t i le  Wi rkung  der  Luzerne  genauer  abzukl/ iren.  

Als Ausgangsmate r ia l  d iente  uns t rockene  Luzerne,  
welche yon  verschiedenen Or ten  s t ammte .  Das Pf lanzen-  
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