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Exper imen t s  on ma le  Wi s t a r  r a t s  showed that inject ion of L-dopa  in doses  of 100-200 mg /kg  
causes  a pa ra l l e l  i nc rea se  in the dopamine and homovani l l ic  ac id  concentra t ions  in the b ra in ,  
e levat ion of the 5-hydroxyindoleacet ic  acid level ,  and a d e c r e a s e  in the serotonin concentra t ion.  
Increased  emot ional  reac t iv i ty  and a g g r e s s i v e n e s s  of the an imals  was obse rved  at the same  
t ime.  L-dopa  (100 mg/kg)  reduced the binding of ser0tonin fo rmed  f r o m  tryptophan (I00 rag /  
kg) and acce l e r a t ed  i ts  ca t abo l i sm in the b ra in .  At the s a m e  t ime ,  L-dopa  abolished the de-  
p r e s s a n t  effect  of t ryptophan on emot ional  reac t iv i ty  and a g g r e s s i v e n e s s .  It i s  suggested that 
inhibition of the se ro ton ine rg ic  s y s t e m  in the b r a in  is an e s sen t i a l  component  of the mechan-  
i sm of s t rengthening of emot ional  r e s p o n s e s  under the influence of L-dopa .  
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The  ro le  of  monoamines  of the b ra in  such as  noradrena l in ,  dopamine,  and serotonin  in emotional  
reac t ions  i s  now f i r m l y  es tab l i shed  [1, 2, 6, 8, 17]. The  dopamine p r e c u r s o r  L-dihydroxyphenylalanine  
(L-dopa) and  dopaminomimet ic  subs tances  (amphetamine,  apomorphine ,  etc.) s t rengthen emotional  r e a c -  
tivity and a g g r e s s i v e n e s s  of expe r imen ta l  an ima l s  [5, 7, 8, 13, 18], whereas  serot0nin  p r e c u r s o r s  ( L - t r y p -  
tophan and 5--hydroxytryptophan) inhibit emot ional  r e s p o n s e s  [2, 5, 6, I0 ,  13, 18]. However ,  the m e c h a n i s m  
of these e f fec ts  i s  not yet  fully unders tood.  

In terac t ion  between ca techo laminerg ic  and indoleaminerg}c s y s t e m s  of the b r a in  has v i r tua l ly  not 
been  studied and there  a r e  l ikewise  no convincing data  on the mutual  effects  of the monoaminerg ic  s y s t e m s  
of the b ra in ,  on the one hand, and the chol inergic  s y s t e m  on the o ther  [5, 8, 11, 18]. According to recent ly  
publ ished obse rva t ions ,  dopamine,  noradrena l in ,  and serotonin  can not only act on their  own specif ic  r e -  
cep to r s  but can also affect  the act ivi ty  of  o ther  med i a to r  s y s t e m s .  Large  doses  of L-dopa  can cause  ex-  
haustion of the b r a i n  sero t in in  and t ryptophan r e s e r v e s ;  i .e . ,  they can affect  not only the ca techo taminerg ic ,  
but  a lso  the se ro ton ine rg ic  s y s t e m s [ 3 ,  4, 11, 14]. 

The  objects  of this invest igat ion were :  1) to study the effect  of L-dopa  s imul taneous ly  on emotional  
r eac t ions  and me tabo l i sm of endogenous serot inin and dopamine  in the r a t  b r a in  and also the effect  of L-dopa  
on m e t a b o l i s m  of exogenous L- t ryp tophan  v ia  the serotonin  pathway; and 2) to study the re la t ionship  between 
changes in emot ional  behav io r  evoked by L-dopa ,  L- t ryp tophan ,  and changes in dopamine and serotonin 
me tabo l i sm.  

E X P E R I M E N T A L  M E T H O D  

Male Wis t a r  r a t s  we re  used.  L-dopa  was made  up as a 2.5% solution, pH 6.0-6.5,  and L- t ryp tophan  
as a 2.5% solution,  pH. 7.0-7.5.  Animals  of the control  group rece ived  inject ions of dis t i l led  wa te r  with the 
same  pH as  the solut ions of these amino ac ids .  The  subs tances  were  injected in t raper i tonea l ly .  Behav iora l  
t e s t s  were  c a r r i e d  out 0.5-1 and 1.5 h a f te r  injection of the subs tances .  

The  level  of  emot ional  r e sponse  was judged f rom the threshold  of the a l ternat ing cu r r en t  (in volts) 
evoking a squeak and a g g r e s s i v e n e s s  in a p a i r  of r a t s  when applied through meta l  nett ing on the f loor  of the 
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TABLE 1. Effect of L-dopa (100 mg/kg) on Content of Dopamine (DA), Noradrenal in 
(NA), and Homovanill ic Acid (HVA) inBra ins  of Albino Rats (in p g / g  brain tissue) 

Time after ;orebrain 
Substance, dose injection 

(in h) DA NA HVA DA 

Distilled water (control) 0 .5-1 1,50--+0,20 0,44-+0,06 0,16---0,06 0,19-+0,05 
L-dopa: 

100 mg/kg 0.5 2,60_ 0,25 0,19--+0,10 1,90-+ 0,I0 2,40___ 0,12 
100 mg/l~g 1 4,42_+0,15 0,45-+0,09 4,46_+ 0,14 3,39_+ 0,16 

Legend. 

Diencephalon 
NA 

0,78-+0,14 

0,57-4-0,19 
0,83--0,15 

Ari thmetic  mean values and their  confidence l imits for P -< 0.05 are  shown. 
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Fig. 1. Effect of L-dopa in doses  of 
50-200 mg/kg 1 h after  int raper i toneal  
injection on content of serotonin (5-HT, 
top graph) and 5-HIAA (bottom graph) 
in forebra in  (1) and diencephalon (2) of 
ra ts ,  and also on thresholds of squeaking 
(unshaded columns) and aggress iveness  
(shaded columns), expressed as pe rcen-  
tages of the control  (C). Aster i sk  indi- 
cates significant (P _< 0.05) change in 
thresholds of squeaking and aggress ive-  
ness  compared with control (C). 

whereas the 5-HIAA level rose  (Fig. 1). 

chamber .  Emotional responses  also were a s ses sed  when 
the animal was gripped by the hand in points as follows: 
0) the rat  did not respond,  1) it squeaked feebly, 2) squeaked 
and tr ied to get away, 3) squeaked and tried to bite the hand. 
In paral le l  tes ts ,  the orienting react ion was assessed  f rom 
the number  of t imes the animal stood up and the number  of 
impulses  recorded  during 2 rain in an ac tometer .  

Immediately af ter  the behavioral  tes ts  each animal 
was killed and the brain  was quickly cooled and divided into 
two par t s :  1) the forebrain:  ce rebra l  cortex,  hippocampus,  
s t r ia tum; 2) the diencephalon: thalamus,  hypothalamus,  
septum, preoptie  region, corpora l  quadrigemina.  Serotonin 
and 5-hydroxyindoleacet ic  acid (5-HIAA) were determined 
by the method of Curzon and Green [9] with the MPF-2A 
(Hitachi) f luorescence spect rophotometer .  The content of 
dopamine and homovanill ic acid was determined in para l le l  
tests  by the methods of Shellenberger and Gordon [15] and 
Spano and Neff [16]. 

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

L-dopa in a dose of 100-200 mg/kg,  0.5-1 h after  its 
injection, depressed  the orienting reaction and strengthened 
the emotional responses ,  i .e. ,  lowered the thresholds  of 
squeaking and of aggress iveness .  The content of dopamine 
and homovanill ic acid increased in these animals in all 
par t s  of the brain;  the noradrenal in  concentrat ion showed no 
significant change (in the brain  stem) or was reduced (in 
the forebrain  and diencephalon) (Table 1). Para l le l  with the 
increase  in the dopamine and homovanill ic acid content 
substantial changes were observed in serotonin metabol ism.  
The serotonin level in the forebra in  and diencephalon fell 
considerably 1 h af ter  injection of L-dopa (100-200 mg/kg) 

The highest 5-HIAA concentrat ion was found after administrat ion 
of L-dopa in a dose of 100 mg/kg.  Emotional responses  were strengthened under these c i rcumstances  and 
the thresholds of squeaking and aggress iveness  were c lear ly  lowered (Fig. 1). 

To study the dynamics  of the changes in the serotonin and 5-HIAA concentrat ions and emotional 
behavior  under the influence of L-dopa in a dose of 100 mg/kg,  serotonin and its metabolite were est imated 
at var ious  times (0.5-1 and 2 h) after  injection of L-dopa.  The maximal  decrease  in the serotonin level and 
inc rease  in the 5-HIAA level were observed 1 h af ter  injection of L-dopa.  The highest level of emotional 
response  and aggress iveness  was observed at the same time. The endogenous serotonin level was a little 
higher 2 h after injection of L-dope than in the control,  but the 5-HIAA concentrat ion remained constantly 
high, 30% above its initial v a l u e .  The thresholds of emotional response  and aggress iveness  were back to 
their original levels 2 h af ter  injection of L-dopa.  

A separate  se r ies  of exper iments  was car r ied  out to study the effect of L-dopa on the behavior  of 
the rats  af ter  administrat ion of L--tryptophan and on the metabol ism of L- t ryptophan via the serotonin path- 
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TABLE 2. Effect  of L-dopa  (100 mg/kg)  on Metabol i sm of L- t ryp tophan  (L-TP ,  100 
mg/kg)  v ia  the Serotonin Pathway and on P a r a l l e l  Changes in Orienting and Emotional  
R e s p o n s e s  

Substance 

Distilled water 
(control) 

L-TP 
L-d.opa 
L-dopa+ L-TP 
L-TP 
L-dopa 
L-dopa+ L-TP 
L-dopa+ L-TP 

rime after 
Lnjection 
in h) 

0i5-: 
1 
1 

O-5 
O~ 

- 0 . . 5 _  
1 and. 0.5 

Forebrain 

5-HT 5-HLAA 

0,30• 0,04 0,34• 0,03 
0,44-+-0,05 0,45• 
0,23• 0,02 0,44• 0,05 
0,41• 0,05 0,67• 
0,42-+0,02 0,49• 
0,32• 0,06 0,35-+ 0,09 
0,35• 0,72• 
0,34• 0,57• 

Diencephalon 

5-HT 5-HIAA 

0,52• 0.04 0,62-- 0,07 
0,78~0,08 0,87~-0,05 
0,51• 0,89• 
0,76• 1,50• 
0,76~0,10 1,00-0,06 
0,55~0,06 0,78• 
0,63• 1,50• 
0,68• 1,10• 

Orienting 
reaction 

Emotional 
responses 

Squeak{ A.ggres- - 
! slveness 

0 :" 0 
I J 

* T 
0 t 

J 
0 

Note. Mean content of  serotonin (5-HT) and 5-HIAA (in #g /g  b r a in  t issue) and confi-  
dence l imi ts  for  P _< 0.05 a r e  shown. 

Legend: 0) no change; ~ ) s ignificant  inc rease ;  $ ) s ignificant  d e c r e a s e  in intensi ty 
of emotional  r e sponses  compared  with control .  

way. In a dose  of 100 mg/kg ,  L- t ryp tophan  potentiated the or ient ing reac t ions  and had a t ranquil izing effect  
on emotional  r e sponses  and agg re s s i venes s  ( f ab l e  2). In a dose  of 200 mg /kg  it d e p r e s s e d  the or ient ing 
react ion ve ry  slightly.  T h e s e  changes in behav io r  under  the influence of L--tryptophan were  accompanied 
by accumulat ion of serotonin and 5-HIAA in the fo rebra in  and diencephalon.  If admin is te red  together  with 
L- t ryptophan ,  L-dopa  abolished the inhibitory action of the la t te r  on emotional  r e sponses  and a g g r e s s i v e -  
n e s s .  At the s ame  t ime the accumulat ion of serotonin was reduced whereas  5-HIAA format ion was consid-  
e rab ly  inc reased  c o m p a r e d  with the si tuation a f t e r  L- t ryptophan  adminis t ra t ion  alone (T able 2). 

L -dopa  thus s t rengthens  emotional  r e sponses  and causes  a pa ra l l e l  accumulat ion of dopamine and i ts  
metabol i te ,  homovanil l ic  acid, in the bra in .  Meanwhile,  under  the influence of L-dopa  the serotonin concen- 
t ra t ionwas  redueed and the 5-HIAA concentrat ion considerabl3r inc reased ,  evidence of inc reased  ca tabol i sm 
of serotonin.  L-dopa  also blocked the inhibitory action of L- t ryp tophan  on emotional  behav ior  and preven ted  
the accumulat ion of serotonin obse rved  a f te r  adminis t ra t ion  of L- t ryp tophan  alone. Th i s  sugges ts  that the 
s trengthening of emotional  r e sponses  by L-dopa  is  connected with i ts  inhibitory effect  on the se ro ton inerg ic  
sys t em;  As the expe r imen t s  of Lueke and c o - w o r k e r s  [12] showed, adminis t ra t ion  of L-dopa  together  with 
p-ehlorophenyla lanine ,  which blocks  sero tenin  synthes is ,  caused even g r e a t e r  s t rengthening of a g g r e s s i v e -  
n e s s  in mice  than adminis t ra t ion  of L-dopa  alone. The  hypothesis  that the s trengthening effect  of L-dopa  
on emotional  r e s p o n s e s  is mediated par t ly  through inhibition of sero toninergie  p r o c e s s e s  is conf i rmed by 
the fact  that haloperidol ,  which b locks  dopaminerg ic  r e c e p t o r s ,  does not completely  b lock  emotional  r e -  
sponses  [1, 5, 17]. 

Potent ia t ion of dopaminerg ic  p r o c e s s e s  following adminis t ra t ion  of L-dopa  leads  to a d e c r e a s e  in the 
serotonin  concentrat ion and an inc rease  in the 5-HIAA concentrat ion in the ra t  bra in .  Other  w o r k e r s  [4, 11] 
also found that under  the influence of L-dopa  the bra in  serotonin level  fa l ls ,  although the mechan i sm of this 
effect  is by no means  c l ea r .  As shown by the exper iments  of Ng and c o - w o r k e r s  [14], L-dopa  causes  l ibe ra -  
tion of labeled serotonin in ra t  b ra in  homogenates  and also blocks  the accumulat ion of t ryptophan in the 
synap tosomes  of the b ra in  [11]. Poss ib ly  L-dopa  is deearboxyla ted  in the b ra in  into dopamine,  which ac ts  
in sero toninerg ic  synapses  as a fa lse  media tor ,  blocking pos tsynapt ic  se ro toninerg ic  r e c e p t o r s .  Th is  may  
also be connected with the effect  of  L-dopa  on the l iberat ion and me tabo l i sm of serotonin in se ro ten ine rg ic  
neurons .  
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