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In unres t ra ined  cats  ~ -me thy l ty ros ine  (150 mg/kg) lowered the threshold of the behavioral  
re tardat ion response  evoked by low-frequency st imulation of the head of the caudate nucleus. 
This coincided with a decrease  in the catecholamine level in the neos t r ia tum and bra in  stem. 
Since a select ive lowering of the b r a i n - s t e m  noradrenal in  concentrat ion under the influence 
of d isulf i ram (400 mg/kg) was not accompanied by any increase  in the re tardat ion of move-  
ment, it is postulated that this phenomenon depends on the state of n ig ro-s t r i a ta l  dopaminergic 
mechanisms .  Meanwhile, both drugs facili tated the appearance of spindles on the e lec t ro-  
co r t i cog ram in response to st imulation of the caudate nucleus. 

According to an ea r l i e r  hypothesis [3], delay of movements  in response to low-frequency e lec t r ica l  
st imulation of the caudate nucleus in unanesthetized animals  can be regarded as an experimental  model of 
parkinsonism.  Akinesia and rigidity, accompanying this disease,  are  now attributed to increased inhibitory 
function of the neost r ia tum as the resul t  of a disturbance of n ig ro-s t r i a ta l  dopaminergic t r ansmiss ion  [1, 
7, 15]. 

It is therefore  interest ing to study the effect of inhibitors of catecholamine synthesis  on the delay 
response and the accompanying electroencephalographic  changes and also to examine the regional dopamine 
concentra t ion in the brain. 

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

Two groups of experiments  were  ca r r i ed  out on unanesthetized cats.  In chronic experiments  on seven 
unres t ra ined animals of group 1 delay of movements  was induced in response to low-frequency (2-10/sec) 
st imulation of the head of the caudate nucleus (for fur ther  details on the method of obtaining and assess ing  
the response,  see [2]). Meanwhile the e lec t r ica l  activity was recorded in the usual way in the sensomotor  
cortex,  the cont ra la te ra l  caudate nucleus, and the mesencephal ic  re t icu la r  formation.  The drugs were in- 
jected intraperi toneal ly 6 h before the experiment began: ~ -methy l ty ros ine  (Hof fman-La  Roche, Basel, 
Switzerland) in a dose of 150 mg/kg  and disulf i ram (the commerc ia l  prepara t ion  Antabuse) in a dose of 400 
mg/kg.  The concentrat ions of noradrenal in  and dopamine in the caudate nucleus and bra in  s tem were deter-  
mined f lu0r imetr ica l ly  by the method of Laver ty  and Sharman in the bra in  of 13 cats of group 2, which re -  
ceived s imi la r  doses of the drugs and were examined at the same t imes af ter  the injection. The bra in  of 
five intact animals  was used as the control.  

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

From 2-3 h af ter  the injection of ~ -methy l ty ros ine  the animals  became lethargic and the i rmovemen t s  
were limited. These phenomena reached a maximum af ter  5-6 h and pers i s ted  for  2 days; they closely re-  
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Fig. 1. Effect of e -me thy l ty ros ine  and disulf i ram on 
threshold of the depression response  to st imulation of 
the heat of the caudate nucleus. Columns represent  
mean levels  of threshold (in V) with confidence l imits 
during st imulation of the bra in  at 2 and 10/sec.  Un- 
shaded column - normal;  obliquely shaded column - 
effect of ~-methyl tyros ine ;  c ross -ha tched  c o l u m n -  
action of disulfiramo 
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Fig. 2. Potentiation of caudate spindles b y a - m e t h y l t y r o -  
sine. EEG recorded f rom sensomotor  cor tex (1), cont ra-  
la tera l  caudate nucleus (2), and mesencephalon (3); I) nor -  
mal; II) 6 h af ter  injection of drug (150 mg/kg) .  Horizon- 
tal line below marks  st imulation of caudate nucleus (at 
2/see) .  

resembled the behavioral  depress ion descr ibed by other workers  [6, 12, 14]. The behavioral  response 
and EEG changes were accordingly as sessed  6 h af ter  adminis t ra t ion of the drug. 

a -Methy l ty ros ine  potentiated the caudate depress ion response as was manifested by the eas i e r  sup- 
p ress ion  of spontaneous and goal -d i rec ted  locomotion. The c leares t  resul t  was recorded  in response to 
st imulation of the head of the caudate nucleus at 2 /sec .  The mean decrease  in the response threshold was 
a lmost  3 V (Fig. 1). In response to st imulation at 10/sec the changes were less  c lear .  I n  two animals 
multiple e lect rodes  enabling different par ts  of the head of the nucleus to be st imulated consecutively in the 
dorso-vent ra l  direct ion were used [2]. Under these conditions injection of the drug potentiated inhibition 
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Fig. 3. Effect of (~-methyltyrosine and di- 
sulfiram on regional catecholamine concen- 
tration in the brain stem (A) and caudatenu- 
cleus (B). Columns represent mean concen- 
trations of noradrenalin (NA) and dopamine 
(DA) in #g/g tissue with confidence limits. 
Legend otherwise as in Fig. 1. 

of movemen t s  developing in r esponse  to s t imulat ion of 
the vent ra l  zones by a g r e a t e r  degree  than to s t imulat ion 
of the dorsa l  zones.  

Low-f requency  s t imula t ion  of the caudate nucleus 
by a cu r r en t  suff iciently s t rong to produce  a depress ion  
r e sponse  was accompanied  as a rule by the appea rance  
of caudate spindles on the EEG of the s e n s o m o t o r  cor tex  
[4]. Some w o r k e r s  r ega rd  this type of synchronized 
rhythm as  an e lec t roencepha lograph ic  index of the in- 
hibi tory function of the neos t r i a tum [4, 8, 9]. 

Under the influence of c~-methyl tyrosine some de- 
p r e s s i o n  of EEG act ivi ty  took place,  with the appearance  
of occas ional  spontaneous bu r s t s  of spindles.  Meanwhile 
the fo rmat ion  of caudate spindles was cons iderably  fa -  
ci l i tated,  in good a g r e e m e n t  with She l l enbe rge r ' s  o b s e r -  
vations [ 13]. The effect  of infrequent  s t imula t ion  of be-  

low threshold  s t rength  for  movemen t  depress ion ,  unaccompanied by any marked  spindle fo rmat ion  of the 
EEG, is i l lus t ra ted  in Fig. 2. a - M e t h y l t y r o s i n e  led to the appea rance  of a s e r i e s  of h igh-ampl i tude poten- 
t ia ls  in r e sponse  to near ly  every  s t imulus .  In some  cases  they appea red  not only in the cor tex,  but a lso  
in the mesencepha l i c  r e t i cu l a r  fo rmat ion  and the con t ra l a t e ra l  caudate  nucleus.  

~ -Methy l ty ros ine ,  which d is turbs  noradrena l in  and dopamine synthes is  in the b r a in  [6, 12, 14], thus 
potent ia tes  the behav iora l  and e lec t rograph ic  indices of the inhibitory function of the caudate nucleus.  Such 
changes could be the resu l t  of depress ion  of n i g r o - s t r i a t a l  dopaminergic  t r an smi s s ion ,  leading to l i be r a -  
t ion of the s t r i a t a l  inhibi tory m e c h a n i s m s  f r o m  the r e s t r a in ing  control  of the substant ia  nigra .  However,  
ano ther  poss ib i l i ty  cannot be ruled out. Potent ia t ion of the inhibitory role  of the caudate  nucleus may  a lso  
develop through p r i m a r y  inhibition of coupled fac i l i t a to ry  effects  reaching the cor tex  through ad rene rg ic  
components  of the b r a i n - s t e m  r e t i cu l a r  format ion .  

To ver i fy  this poss ib i l i ty  a s e r i e s  of expe r imen t s  was c a r r i e d  out with d i su l f i ram.  This  drug blocks 
the conver s ion  of dopamine into noradrena l in  [5, 11] and so d is turbs  ad rene rg ic  t r a n s m i s s i o n  with signifi-  
cantly affect ing dopaminerg ic  t r a n s m i s s i o n .  

After  the inject ion of d i su l f i r am behav iora l  depress ion  a lso  was obse rved  and although it appeared  
la te r ,  by the sixth hour it was c l ea r ly  marked .  In two of the five ca ts  studied the th resho ld  of the dep re s -  
sion r e sponse  was lowered  slightly (by 1-2 V) without any apprec iab le  change in the other  r e sponses .  As a 
resu l t  the overa l l  ana lys i s  r evea led  no changes in threshold  wha tever  the f requency of s t imulat ion (Fig. 1). 
Meanwhile the intensi ty of the depress ion ,  a s s e s s e d  in points [2], was sl ightly inc reased .  

Disu l f i ram led to synchroniza t ion  of the EEG and to the fo rma t ion  of spontaneous spindles.  Although 
the drug caused no significant  change in behav iora l  inhibition, it lowered  the threshold of onset  of the cau-  
date spindles just  as effect ively  as c~-methyl tyrosine.  Consequently,  s e l e c t i v e b l o c k i n g o f a d r e n e r g i c  t r a n s -  
m i s s i o n  by d i su l f i r am was not noticably re f lec ted  in the depressan t  function of the caudate  nucleus.  

To e s t ima te  the c h a r a c t e r  of the neurochemica l  changes accompanying  these  facts ,  the effect  of the 
s a m e  doses  of the drugs on the dis t r ibut ion of ca techolamine  in the b r a in  was studied in the expe r imen t s  of 
group 2. 

The r e su l t s  showed, in a g r e e m e n t  with data in the l i t e r a tu re ,  that the ra t io  between the initial l eve l s  
of dopamine and noradrena l in  di f fers  in different  b r a in  s t r u c t u r e s  (Fig. 3). Under  the influence of a - m e t h -  
y l ty ros ine  the re  was a c l e a r  d e c r e a s e  in the dopamine concent ra t ion  in the caudate nucleus and in the nor -  
adrena l in  concent ra t ion  in the mesencephalon .  Disulf i ram,  on the o ther  hand, s ignif icant ly a l t e red  only the 
b r a i n - s t e m  noradrena l in  concentra t ion.  

Potent iat ion of the caudate dep res s ion  r e sponse  by c~-methyl tyrosine thus coincided with lowering of 
the dopamine level  in the s t r i a tum.  The se lec t ive  d is turbance of noradrena l in  synthes is  by d i su l f i ram is 
not re f lec ted  in this phenomenon.  This sugges ts  the role  of dopaminerg ic  m e c h a n i s m s  in the product ion of 
the depress ion ,  a fea ture  which c l ea r ly  b r ings  it c lo~er  in l ine with pa rk inson i sm.  

On the other  hand, both drugs caused  a s i m i l a r  dec r ea se  in the thresholds  of appea rance  of caudate 
spindles in the cor tex ,  c~-Methyltyrosine can  evidently do this direct ly,  by inhibiting n i g r o - s t r i a t a l  dopam- 
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inerg ic  t r an smi s s i on ,  whereas  d i su l f i ram does so by depress ing  coupled r e t i cu lo -co r t i ca l  act ivat ing i m -  
pu l ses .  This  d issoc ia t ion  in the i r  act ion on the behaviora l  and e lec t rograph ic  indices of the inhibitory func- 
t ion of the caudate  nucleus is another  a rgument  in support  of the probabi l i ty  that the depress ion  response  
can occur  without the need for  involvement  of the neocor tex.  
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