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Spontaneous activity of single units of the sensomotor  cortex and their responses  to flashes, 
cl icks,  e lectr ical  stimulation of the skin, and stimulation of the caudate nucleus and mesen-  
cephalic re t icular  formation were recorded in unanesthetized, curar ized cats~ a -Methy l -  
tyrosine (150 mg/kg) and disulf i ram (400 mg/kg) ,  injected 6 h before the experiment ,  caused 
an increase in the grouping of the spontaneous activity,  an increase  in the number of spon- 
taneously active units,  and an increase  in the amplitude of the afferent  shor t - la tency  r e -  
sponseso Phasic  and tonic inhibition of the neurons during low-frequency stimulation of the 
caudate nucleus was potentiated by o~-methyltyrosine, but weakened by disulfiramo Against 
the background of the action of the f i r s t  of these agents,  amphetamine did not exhibit its 
blocking action on caudate inhibition~ Both substances weakened faci l i ta tery and inhibitory 
re t icular  influences, and d isu l f i ram was more effective in this respect~ 
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Previous  experiments  have shown that (~-methyltyrosine (~-MT), a compound which blocks the ini- 
tial stage of catecholamine synthesis [10, 16], potentiates the behavioral manifestations of the inhibitory 
function of the caudate nucleus [3]o Disulf i ram (DS), which select ively disturbs the conversion of dopamine 
into noradrenal in [8, 14], has no such action~ 

Since the cha rac te r  of the cell p rocesses  accompanying this phenomenon has not been explained, the 
effect  of inhibitors of catecholamine synthesis on the spontaneous activity of single sensomoter  cor t ical  
neurons and their  evoked responses  to stimulation of the caudate nucleus was studied~ Meanwhile the r e -  
sponses of the cells to afferent  and re t icular  stimulation were compared~ 

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

Experiments  were car r ied  out on unanesthetized, immobilized cats~ As a f i rs t  step bipolar s t imulat-  
ing e lect rodes  were  inserted s tereotaxical ly  into the head of the caudate nucleus and into the mesencephal -  
ic re t icu la r  formation of the animals.  A few days la ter  the thresholds of the animals '  behaviorial  r e -  
sponses to stimulation of the brain were determined and intraperi toneal  injections given of a - M T  (Hoff- 
man - LaRoche )  in a dose of 150 m g / k g  or  DS (the commerc ia l  prepara t ion Teturam) in a dose of 400 m g /  
kgo After a delay of 6 h and where the thresholds of the behavioral  responses  had been verif ied,  unit ac -  
tivity of the sensomote r  cortex was recorded in an acute experiment  [1]. The recording continued for 7-  
8 ho Besides the spontaneous activity,  the intensity of the unit responses  to afferent (flashes, cl icks,  e lec -  
t r ic  shocks to the skin) and cerebra l  st imulation was est imated quantitatively. The indices of inhibition 
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Fig .  1o Changes in in tensi ty  of caudate and r e t i c u l a r  r e s p o n s e s  of 
co r t i ca l  ce l l s  dur ing s t imula t ion  of the b ra in  for  3 sec  and a f t e r  
admin i s t r a t ion  of c~-MT and DS. A) Caudate inhibition; B) inhib i -  
tion during s t imula t ion  of r e t i c u l a r  s t r uc tu r e s ;  C) r e t i c u l a r  f a c i l i -  
tat ion.  Unshaded columns - normal ;  b lack  columns - a f t e r  admin-  
i s t r a t i on  of c~-MT; obliquely shaded columns - a f t e r  DS. A s t a t i s -  
t i ca l ly  s igni f icant  shif t  (P < 0.05) compared  with the cont ro l  values 
a f t e r  s t imula t ion  for 1 sec  is  marked  by an a s t e r i s k ;  a t r i angle  d e -  
notes the same for the effect  of the subs tance  a f t e r  1 sec .  A b s c i s s a ,  
time from beginning of stimulation (in see); ordinate, intensity of 
response (in ~). 

Fig. 2. Effect of ~-MT and DS on tonic changes in spontaneous cor- 
tical unit activity during repeated stimulation of caudate nucleus 
and reticular formation. A) normal; B) after injection of compound. 
Arrows indicate periods of brain stimulation. Obliquely shaded re- 
gion represents confidence limits of mean spontaneous firing rate~ 
On the bottom graphs it is bounded by a continuous line for DS and 
a broken line for G-MTo Abscissa, time (in min); ordinate, changes 
(in %) in spontaneous firing rate during brain stimulation in the di- 
rection of an increase (+) or decrease (-)  relative to the initiallevel 
(taken as 0). 

o r  fac i l i t a t ion  were  de te rmined  by the formula  ( n - e ) / e ,  where  n is the mean d i scha rge  frequency p e r  s e c -  
ond at  the t ime of s t imula t ion ,  and e the f requency before  s t imula t ion .  

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

The behav ior  of 51 s ensomoto r  neurons was studied a f te r  admin i s t r a t i on  of ~ -MT and of 58 s e n s o -  
motor  neurons a f t e r  a d m i n i s t r a t i o n  of DS. The pa t t e rns  of the i r  spontaneous and evoked ac t iv i ty  were  
compared  with the ac t iv i ty  of more  than 100 neurons in animals  r ece iv ing  ne i ther  compound. 

Spontaneous Act iv i ty  add Responses  to Afferent  St imulat ion.  Both inh ib i tors  inc reased  the spontan-  
eous f i r ing  r a t e  of the c o r t i c a l  neurons ve ry  s l ight ly .  Norma l ly  i t  was 14 i m p u l s e s / s e e  and a f te r  admin i s t r a t ion  
of ce-MT and DS it  r o s e  to t 7 and 15 i m p u l s e s / s e c ,  r e s p e c t i v e l y .  At the s ame  t ime  there  was a d i s t inc t  change in 
the c h a r a c t e r  of the d i s c h a r g e s ,  which were  of the grouped o r  vol ley  type five t i m e s  more  often than no rma l ly  
(30% compared  with 6%). 
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Fig. 3o Effect of amphetamine on cau-  
date inhibition of sensomotor  units af-  
te r  administrat ion of c~-MT (1) and DS 
(2) : A) before; B) af ter  injection of 2 
mg/kg  amphetamine.  

Another feature of the action of ~-MT and DS was an in- 
crease in the number of spontaneously active cortical neurons~ 
After insertion of the microelectrode perpendicular into the sur- 
face of the posterior sigmoid gyrus (in somatosensory area Ill) 
to a depth of 6 ram, it could have penetrated also into the sub- 
jacent gyrus, and in so doing it would have recorded the activity 
of three cortical areas in the same track~ This corresponds to 
penetration of zones III, IV, and VI (using Hassler's classifica- 
tion [12]). In intact animals along the whole length of this track 
an average of 23 cells was found (data for five consecutive 
tracks). After administration of the inhibitors the number of 
spontaneously active cells found averaged 30 for ~-MT and 33 
for DS (P < 0.05). 

The s t ruc ture  of the response of the neurons (the number 
of cases  of inhibition, of activation, and of no change in the 

spontaneous firing rate) to afferent stimulation showed no significant change. The number of long-latency 
responses (latent period 40-150 msec) of tonic type fell under the influence of oz-MT (43~, normal 52~; 
P < 0~ but under the influence of DS it rose slightly (58%). In addition, ~-MT appreciably increased 
the percentage of tonic responses of inhibitory character~ Under the influence of the inhibitors short- 
latency responses (10-40 msec) to heteromodal stimuli increased significantly more often. For instance, 
after administration of ~-MT stable discharges to aeeoustic and visual stimuli were recorded in 16%, com- 
pared with 10% after DSo Their number in the control, however, did not exceed 3.5%. 

Responses to Stimulation of the Caudate Nucleus~ In accordance with previous observations, the 
threshold of the behavioral delay of movements in response to low-frequency (2-10 impulses/s ec) stimulation of 
the head of the caudate nucleus was lowered by o~-MTbutunchangedbyDS. Analysis of the response structure 
of the sensomotor neurons to stimulation of the eaudate nucleus with a frequency of 10 impulses/sec and with a 
current of threshold strength for the delay" response showed that it was unchanged by ~-MTo Meanwhile DS 
reducedthe number of inhibitory responses, as a result of which the percentage of reactive cells increased 
(in the control the two types of responses numbered 54 and 19%, after DS 37 and 44%, respectively). 

Neither substance changed the intensity of caudate inhibition as an on-response (first second of re-  
cording). However. later ~-MT graduallv strengthened the inhibition, and during the 2nd seeondthis ehangebe- 
came statistically significant (Fig. I). After injection of DSthe inhibitory effect during the first 2 sec of stimula- 

tion effect was close to the control level, but after 3 sec the depression of the discharge was much weaker. 

When this method was used to assess the phasic inhibitory response, ~-MT was thus seen to potentiate, 

while DS, on the other hand, weakened caudate inhibition. 

This conclusion was confirmed by analysis of the character of the tonic influences of the caudate nu- 
cleus on cortical unit activity. Periodic brief tetanization of the brain (for 5 sec per min for 5 rain) caused 

the mean spontaneous firing rate to fall gradually, although not outside the limits of variation of single 

unit activity (Fig~ 2)~ ~-MT and DS had directly opposite effects on the tonic changes of spontaneous ac- 

tivity of this type. Whereas ~-MT emphasized still more the normal tendency, making the shift significant 

at the fifth minute of recording, DS, on the other hand, significantly increased the firing rate~ 

The potentiation of the phasic and tonic inhibitory influences of the caudate nucleus on the neocorti- 

cal cells by the action of ~-MT and the absence of any such properties of DS thus confirm the results of 

the behavioral experiments. This fact can be regarded as a consequence of the disturbance of catechol- 

amine synthesis by ~-MT and, in particular, a decrease in the level of striatal dopamine, followed by the 
l iberat ion of the inhibitory mechanisms of the nucleus f rom under the re t ra ining control of the substantia 
nigra  [6, 7, 15]. While selectively disturbing the formation of noradrenal in and bringing about an accumu-  
lation of s t r ia ta l  dopamine [9, 11], DS evidently did not change or  increase  the integral s t r ia ta l  delay. 

Indirect  proof of }he role of n igro-s t r ia ta l  dopaminergic mechanisms in the action of ot-MT and DS 
is provided by the results  of the experiments  with amphetamine.  Amphetamine is known to mobilize n igro-  
s t r ia ta l  synapses and to weaken the inhibition of cor t ical  neurons during stimulation of the caudate nucleus 
[2, 5, 15]. After administrat ion of ~-MT,  amphetamine (2-3 mg/kg,  intravenously) did not disturb caudate 
inhibition of the sensomotor  units,  but in combination with DS it depressed it slightly (Fig. 3)~ 
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Responses to Stimulation of the Reticular  Formation.  Brief  stimulation (at 50 impulses / see  for 10 see) of 
the mesencephal ic  re t icu la r  formation evoked an orienting response  in the unimmobilized animals and the 
compounds studied had no significant effect on the threshold of its appearance.  The cort ical  neurons r e -  
sponded to stimulation with the same pa ramete r s  ei ther  by inhibition or  by facilitation of the spontaneous 
activity. On the whole the s t ructure  of the re t icular  effects was unchanged. However,  the intensity of in- 
dividual components of the response itself was al tered.  Under the influence of ol-MT and DS there was a 
s imi la r  tendency toward weakening of inhibition of d ischarges  of re t icular  origin,  but the change evoked by 
DS between 1-2 sec of stimulation was more dist inct  and was stat ist ically significant. Both substances 
significantly weakened ret icular  facilitation between the 2nd and 3rd second (Fig. 1)~ 

Tonic changes in spontaneous activity during repeated tetanization of the re t icular  s t ruc tures  were 
emphatically activation in charac te r .  They were weakened both by o~-MT and by DS; the effect of the lat ter  
was more  marked (Fig. 2). 

By cont ras t  with the caudate responses ,  re t icular  influences were consistently weakened by both sub- 
s tances .  Facilitation of the cor t i ca l  neurons was par t icu lar ly  severe ly  affected. These facts explain the 
distinctive behavior of the spontaneous activity and afferent  responses  of the cells after  disturbance of 
catecholamine synthesis~ The grouping of the discharges  and the increase in number of shor t - la tency  re -  
sponses could be the resu l t  of p r im a ry  inhibition of the ascending activating mechanisms of the bra in  s tem 
[4, 13]. On the other  hand, the unequal effect  of ~ -MT on re t icu lar  and caudate inhibition is fur ther  con-  
f i rmation of the ability of this compound to strengthen the inhibitory proper t ies  of the neostr ia tum. 
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