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Serotonin, an in te rmedia te  product  of t ryptophan metabol i sm,  and 7 -aminobutyr ic  acid (GABA), 
fo rmed  in the body dur ing g lu tamic  acid metabo l i sm,  a re  normal  products  of b ra in  me tabo l i sm and a re  
p resen t  in cons iderable  quanti t ies  in the cent ra l  nervous  s y s t e m  of v e r t e b r a t e s  and man [3, 4, 14, 15]. 

The physiological  action of these subs tances  on the cent ra l  nervous  s y s t e m  has  many  fea tu res  in 
common,  and cons i s t s  of inhibition of moto r  act ivi ty and of ce r ta in  re f lex  r e sponses  [1, 2, 5-8, 10-13]. 
Meanwhile, the act ion of GABA on isola ted  organs  has been found to be antagonist ic  to that of serotonin  [9]. 

For  this reason ,  a deepe r  analys is  of the functional re la t ionships  between serotonin and GABA in the 
intact  o r g a n i s m  is of cons iderab le  in te res t ,  and the p resen t  investigation was c a r r i e d  out for  this purpose .  

EXPERIMENTAL M E T H O D  

Expe r imen t s  were  c a r r i e d  out on 23 unanesthet ized cats  with the spinal cord  divided at the level  
C7-T1.  Observa t ions  were  made on the changes produced by intravenous injection of serotonin* (25- 
55 ~g/kg) and GABA% {0.5-1 mg/kg) and by the i r  combined action in the ampli tude of the potentials  of an 
ex tensor  monosynapt ic  ref lex.  The monosynapt ie  potentials  were  r eco rded  by the method desc r ibed  p r e -  
viously [1 ]. 

E X P E R I M E N T A L  R E S U L T S  

Serotonin produced a sha rp  dec r ea s e  in the ampli tude of the potential  of the monosynaptic  re f lex  
{on the ave rage  by 54%), which continued for  0.5-2 min and was then followed by an i nc rea se  in its ampl i -  
tude (on the ave rage  by 30%). 

The cour se  of these  changes is i l lus t ra ted  in Fig. 1, ref lect ing the mean  resu l t s  of 10 exper imen t s .  

GABA produced s imi l a r ,  but l e s s  marked ,  biphasic  changes in the monosynaptic  potential.  The mean  
dec r ea se  in ampli tude of the potential  in phase I of GABA action was 22% and it continued for  30 sec-1  rain. 
The ampli tude of the potential  of the monosynaptic  re f lex  then gradual ly  i nc reased  and exceeded its  initial  
level .  The max imal  i nc r ea s e  of the potential  ave raged  18% of the init ial  ampli tude of the ref lex.  Fol low- 
ing repea ted  injections of equal doses  of GABA in the course  of one exper iment  i ts  effect  diminished,  and in 
some cases  it d i sappeared  comple te ly .  

The r e su l t s  of an exper imen t  in which GABA was injected int ravenously  in a dose of 0.54 mg /kg  a re  
given in Fig. 2. They show that the max imal  dec r ea se  in amplitude of the potential ,  amounting in this ex -  
pe r imen t  to 31%, was obse rved  30 sec a f te r  injection of GABA and was of ve ry  shor t  duration.  By 1.5 min 
a f t e r  inject ion of GABA the ampli tude of the re f lex  reached its  max imum (114%), re turn ing  to i ts  initial  
level  a f t e r  3 min. 

Because  of the shor t  durat ion of the GABA effect,  max imal  changes of potentials  in phases  I and II of 
act ion of GABA were  obse rved  in individual expe r imen t s  at different  t ime in te rva ls  a f te r  injection of the 

* Serotonin creat in ine  sulfate  f r o m  the f i r m  Gee Lawson Chemicals  Ltd., London, W. I.  
T - a m i n o b u t y r i c  acid (CF Panalysis)  f r o m  the Cal i fornia  Corpora t ion  for  Biochemical  Resea rch ,  Los 

Angeles,  63. 

L a b o r a t o r y  of Physiological  Analys is  of Endogenous Neurotropic  Substances,  Insti tute of Normal  and 
Pathological  Physiology,  Academy of Medical Sciences of the USSR, Moscow (Presen ted  by Academic ian  
V. V. Parin}. T rans l a t ed  f r o m  Byul le ten '  ]~ksperimental 'noi  Biologii i Meditsiny, Vol. 64, No. 10, pp. 47- 
50, October ,  1967. Original  a r t i c le  submit ted March 5, 1966. 
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Fig. 1. Changes in ampli tude of poten-  
t ial  of monosynapt ic  re f lex  following in-  
t ravenous  inject ion of serotonin (25- 
55 #g/kg}. Abscissa} t ime  (in rain), o r -  
dinate} changes in ampli tude of poten- 
t ia ls  of monosynapt ic  re f lex  e x p r e s s e d  
in percent  of initial magnitude (mean r e -  
sul ts  of 10 exper imen t s ) .  
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Fig. 2. Changes in ampli tude of potent ials  of 
monosynapt ic  re f lex  following in t ravenous  in -  
ject ion of GABA. I: A) Init ial  monosynapt ic  
potential;  B-D) monosynapt ic  potent ial  30, 40, 
and 90 sec r e spec t ive ly  a f t e r  inject ion of 
0.54 m g / k g  GABA into the ulnar  vein; ID graph 
showing course  of changes in ampli tude of 
monosynapt ic  potential  in t ime  (values of co -  
ordinates  the s ame  as in Fig. 1); I1D d i a g r a m  
showing posi t ion of r ecord ing  and s t imula t ing  
e l ec t rodes .  

drug, compl ica t ing the graphic  r ep re sen ta t i on  of the summated  data ref lec t ing  dynamics  of the changes in 
ampli tude of the potentials  in all  the expe r imen t s ,  Fo r  this reason ,  the ef fec ts  of sero tonin  and GABA a re  
compa red  in future f r o m  the averaged  numer i ca l  data.  

Exper imen t s  in which GABA was given immedia t e ly  a f t e r  sero tonin  r evea led  the potentiat ing act ion 
of serotonin  on the GABA effect  in phase  I of its action, e x p r e s s e d  by a cons iderable  (up to 81%} reduct ion 
of ampli tude of the potent ials  of the monosynapt ic  ref lex.  

In the expe r imen t s  of s e r i e s  II, in which inject ion of GABA preceded  inject ion of serotonin,  no ap -  
prec iab le  change in the e f fec ts  of the sero tonin  were  observed .  

The r e su l t s  of all  the expe r imen t s  a r e  given in the table,  genera l iz ing  the ave raged  ( f rom 10 e x p e r i -  
ments) values  of the max imal  d e c r e a s e  and i nc r ea se  in ampli tude of the potent ials  of the monosynapt ic  r e -  
f lex e x p r e s s e d  as pe rcen tages  of the i r  initial value.  

The table shows that the g rea t e s t  d e c r e a s e  in ampli tude of the potent ials  of the monosynapt ic  re f lex  
was obse rved  as  a r e su l t  of succes s ive  injection of serotonin  and GABA, when it  r eached  81%. This  c o m -  
bined action of the two subs tances  cons iderab ly  exceeds  the effect  of each  of them separa te ly ,  and sugges ts  
the potentiat ing act ion of sero tonin  in re la t ion  to phase  I of GABA action. The combined act ion of the two 
subs tances  when given in the r e v e r s e  o rde r  (GABA + serotonin) does not exceed the effect  of se ro ton in  i t se l f .  

The exper imenta l  r e su l t s  thus show that  in the intact  o rgan i sm  serotonin  and GABA a re  not antagon-  
i s t s .  On the con t ra ry ,  these  two subs tances  have a unidirect ional  act ion on the ampli tude of the monosynap-  
tic potential ,  caus ing  a cons iderab le  d e c r e a s e  in i t s  value in phase I of t he i r  act ion.  
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Effect  of GABA and Serotonin on Amplitude 
of Monosynaptic Reflex (Results  in P e r cen t  
of Init ial  Level) 

phase I-decrease phase II-increase 
substance injected in amplitude I of amplitude 

/ 
M+_rn P I M+_m P 

GABA 
serotonin 
serotonin + GABA 
GABA + serotonin 

22• 
54--+8.8 
8t--+5.5 
55• 

<0,001 
<0,001 
<0,001 
<0,001 

18_+3,4 
30• 
21• 
28• 

<0,001 
<0,01 
<0,05 
<0,01 

GABA action. 

The dec rease  in ampli tude of the potentials  of  
the monosynaptie  re f lex  obse rved  under the influence 
of serotonin  and GABA demons t r a t e  a d e c r e a s e  in the 
exci tabi l i ty  of the motoneurons under the action of these 
subs tances .  The fact  that  the dec r ea se  in ampli tude 
of the potentials  of the monosynaptic  re f lex  was m o r e  
marked  during combined act ion of serotonin and GABA 
injected in that o rde r  indicates  the i r  functional s y n e r -  
g i sm.  It  is not yet  c l ea r  why this s y n e r g i s m  is not ex-  
hibited when these subs tances  a r e  given in the opposite 
o r d e r  (GABA + serotonin) .  It m a y  be a s sumed  that the 
r eason  for  this i s  the ve ry  shor t  durat ion of phase I of 

In the expe r imen t s  in which GABA was injected before  serotonin,  the l a t t e r  evidently reached 
the motoneurons  in the phase  of r e c o v e r y  of the i r  exci ta t ion a f t e r  i ts  b r i e f  depress ion  by the act ion of 
GABA. For  this r eason ,  the maximal  dec r ea se  in amplitude of the potentials  of the monosynaptic  re f lex  
under  the influence of injection, f i r s t  of GABA and then of serotonin,  was a lmos t  equivalent  to the effect  
of serotonin  alone. 
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