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Small  doses  of ch lo rp romaz ine  compensa te  the effect  of f ronta l  lobectomy and r e s t o r e  
goa l -d i rec ted  behavior  in lobec tomized  dogs, while admin is t ra t ion  of smal l  doses  of 
amphe tamine  induces d is turbances  of behavior  s i m i l a r  in many fea tu res  with those ob- 
s e rved  a f t e r  ex t i rpa t ion  of the f ronta l  cor tex .  This  indicates  that the f ronta l  lobes have 
an inhibi tory effect  on a d r e a e r g i c  (p r imar i l y  re t icu la r )  subcor t i ca l  s t r u c t u r e s  involved 
in the fo rmat ion  of goa l -d i r ec t ed  behavior .  

The main fea ture  of injury to the f ronta l  lobes is a d is turbance  of the goa l -d i rec ted  quality of be-  
havior  because  of the absence  of effect ive in tegra t ion [2, 4, 9]. It is a s sumed  that  such integrat ion is c a r -  
r ied  out by the f ronta l  cor tex  [2, 3, 5, 8], which modif ies  the act ivi ty  of other  cor t ica l  a r e a s  through mod-  
ulation of the ascending influences of the mesencepha l i c  r e t i cu l a r  fo rmat ion ,  the hypothalamus,  and the 
l imbic  s t r u c t u r e s  [7, 13]. 

The act ivi ty  of these  subcor t i ca l  s t r u c t u r e s  can be se lec t ive ly  modif ied by admin i s t r a t ion  of chem-  
ical  subs tances .  Ch lo rp romaz ine  and amphe tamine ,  for  instance,  affect  pr inc ipal ly  the adrenerg ic  s t r u c -  
t u r e s  of the r e t i cu l a r  fo rmat ion  and hypothalamus [1, 10, 11]. 

Compar i son  of behaviora l  changes a f t e r  admin i s t r a t ion  of ch lo rp romaz ine  or amphe tamine  to intact  
and lobec tomized  dogs would help to elucidate the way in which the f ronta l  cor tex  controls  other brain  s t r u c -  
t u r e s  during the fo rmat ion  of goa l -d i r ec t ed  behavior .  The p r e sen t  invest igat ion was c a r r i e d  out for  this 
purpose .  

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

Stable ins t rumenta l  conditioned r e f l exes  in a s i tuat ion providing for  the choice of one or  two different  
r e i n f o r c e m e n t s  we re  produced in f ive dogs by the method developed by N. V. Asmayan  and G. A. Golitsyn.  
The exper imen~ 'was  c a r r i e d  out as  fol lows.  When the e x p e r i m e n t e r  switched on a me t ronome  (M~0) the 
dog was able to obtain a lump of suga r  f r o m  a feeding bowl on one side by p re s s ing  on one pedal,  and wa te r  
f r o m  a bowl on the opposi te  side by p r e s s i n g  another  pedal.  The dog ' s  behavior  in the exper imenta l  c h a m -  
ber  was  di rected at a definite goali obtaining wa te r  or  sugar .  At each per iod of the exper imen t  one of two 
m o t i v a t i o n s -  hunger or  t h i r s t -  p redomina ted  a l t e rna te ly .  Depending on the dominant motivat ion,  in r e -  
sponse t o  the signal the dog c a r r i e d  out the movemen t s  in one o rde r  or  the other .  At the end of the ex-  
pe r imen t ,  when both hunger and th i r s t  we re  comple te ly  sa t i s f ied ,  in r e sponse  to the m e t r o n o m e  the dog 
jumped down f r o m  the appara tus  or  lay quietly on the bench. 

Ten months before  the expe r imen t  the f ronta l  cor tex  (a reas  F and FL in the te rminology  of O. S. 
Andrianov and T.  A. Meting) was ex t i rpa ted  as f a r  as  the an t e r io r  s igmoid gyrus  in two dogs (Tom, Pegii) .  
Immedia te ly  a f t e r  the operat ion the dogs showed typical  s y m p t o m s  of lobectomy (fixed gaze,  s tepping move-  
mea t s ,  chewing inedible objec ts ,  and so on). 
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TABLE 1. Changes in some P a r a m e t e r s  of G oa l - D i r e c t e d  Behavior  or Intact  (A) and Lobec tomized  (B) 

Dogs a f t e r  A d m i n i s t r a t i o n  of Ch lo rp romaz ine  and Amphe tamine  ( r e su l t s  fo r  one exper iment)  

Re in fo rcement :  
w a t e r  . . . . . . . . . . . . .  
suga r  . . . . . . . . . . . . .  

Number  of c r o s s i n g s  over  
(swi tches  of m o t i v a t i o n s ) . .  

Number  of wrong r e s p o n s e s  
Number  of "b lank .  r e s p o n s e s  
Mean number  of i n t e r t r i a l  

i n s t rumen ta l  r e s p o n s e s  
Mean number of intertrial 

l ocomoto r  r e s p o n s e s  
Mean la tent  pe r iod  of i n s t r u -  

menta l  condi t ioned r e -  
spouses  (in sec)  

A B 

8 
8 

2 

0 
37 

3.56 

7.60 

2.00 

Note. The term "blank" describes movements when, in response to the stimulus, the dog presses on the 
pedal and runs to the feeding bowl but does not take the reinforcement. The term "wrong" applies to those 
movements when, in response to the metronome the dog presses one pedal but immediately crosses over 
to the other or, having pressed one pedal, runs to the feeding bowl on the opposite side of the bench. 

Three intact dogs (Dzheka, Vais, Trishka) were used as the control. Chlorpromazine was injected 
intramuscularly in a dose of 1.5-2 mg/kg intramuscularly 15-20 rain before the experiment, while amphet- 
amine was injected subcutaneously in a dose of 0.3-5 mg/kg 5 rain before the experiment. 

EXPERIMENTAL RESULTS 

Injection of chlorpromazine in the intact dogs led to disintegration of behavior through suppression 
of the motor component of the conditioned reflex: the dog did not immediately approach the pedal, pressed 
it so weakly that the feeding bowl did not turn, and in some cases it made no effort whatever to approach 
the pedal. The primary motivations of hunger and thirst were strong enough: if the experimenter gave 
the animal the feeding bowl, turned it and tapped on its side the dog immediately ran toward it and swallowed 
the sugar or water; if after the metronome was started and the dog did not respond to it, water or sugar 
was offered to it in a basin, and the animal swallowed it eagerly. 

Administration of chlorpromazine to the intact dogs did not disturb their primary motivation but it 
did disturb the accuracy of assessment of the dominant motivation. When the metronome was switched on 
the dog pressed one pedal, but despite a tap on the corresponding feeding bowl, it ran to the opposite side 
of the frame (wrong" response, see Table IA). 

Administration of chlorpromazine had a completely different effect on the behavior of the lobecto- 
mized animals. On the whole, the behavior of these dogs in the experimental situation became more or- 
ganized and goal-directed. Together with some increase in the latent period of the instrumental motor re- 
sponse, the hyperactivity disappeared and there was a decrease in the number of crossings over from one 
feeding bowl to the other during the intertrial interval, in the number of intertrial instrumental movements 
during the experiment, and in the number of instrumental responses and movements toward the feeding bowl 

105 



at the end of the exper iment ,  when the mot ivat ions  of hunger and t h i r s t  we re  no longer  p resen t .  Since the 
number  of r e i n fo r cem en t s  used  in the course  of the expe r imen t  was not significantly changed in these cases  
it  can be postula ted that  the " i m provem en t "  in the dogs '  behavior  a f t e r  admin is t ra t ion  of cb lo rp romaz ine  
was not due to a d e c r e a s e  in the p r i m a r y  motivat ions of hunger and th i r s t .  The behavior  of the lobecto~ 
mized dogs a f t e r  admin i s t r a t ion  of ch lo rp romaz ine  can be r ega rded  as m o r e  goa l -d i r ec ted  in c h a r a c t e r  
a l so  because  of the inc rease  in the num ber  of switches f r o m  one type of r e in fo rcemen t  to the other .  In other  
words ,  the an imals  we re  able to a s s e s s  the i r  internal  need m o r e  accura te ly ,  and they modified the i r  be -  
havior  when the dominance of one need over  the other  was sti l l  only sl ight in degree .  

Whereas  admin is t ra t ion  of ch lo rp romaz ine  to the lobec tomized  dogs made the i r  behavior  m o r e  goal -  
d i rec ted  in c h a r a c t e r ,  admin i s t r a t ion  of the drug to the intact  an imals  had a lmos t  the opposite effect .  

Since cb lo rp romaz ine  has an inhibitory act ion on the ad rene rg ic  s t r u c t u r e s  of the r e t i cu l a r  fo rmat ion  
[1, 10, 11] it can be postulated that  lobec tomy r e su l t s  in some f o r m  of " l ibera t ion"  f r o m  cor t ica l  control .  
This  is conf i rmed by the fact  that  ch lora l  hydrate  [6] and luminal  [12] have no significant effect  on the be -  
havior  of lobec tomized  dogs, whe rea s  pentobarbi ta l  improves  the p e r f o r m a n c e  of de f e r r ed  r e sponses  [14]. 
To t e s t  this  hypothesis  expe r imen t s  w e r e  c a r r i e d  out in which the ad rene rg ic  bra in  s t ruc tu r e s ,  espec ia l ly  
the r e t i cu l a r  fo rmat ion ,  we re  subjected to a r t i f ic ia l  pharmaco log ica l  s t imulat ion by amphe tamine  [11]. 

The behavior  of the intact  an imals  a f t e r  admin is t ra t ion  of this substance  became  bas ica l ly  s i m i l a r  
to that  of the dogs a f t e r  lobec tomy (see Table  1A). Throughout  the expe r imen t  the dogs p r e s s e d  on the pedal 
a lmos t  without in terrupt ion,  but when the feeding bowl was  presen ted  they did not go up to it. The p r i m a r y  
mot iva t ions  of hunger and th i r s t  w e r e  of cons iderab le  s t r e n ~ h ,  for  if the e x p e r i m e n t e r  presm~ted the feed-  
ing bowl with lumps  of sugar  or  w a t e r  to the animal  it rushed  to the dish and swallowed the r e in fo rcemen t .  

The s y m p t o m s  descr ibed  above were  all observed  in the i r  sha rpe s t  f o r m  a f te r  admin is t ra t ion  of a m -  
phetamine to the lobec tomized  dogs (see Table  1B). S tereotyped p e r s e v e r a t i v e  pu rpose l e s s  movemen t s  
w e r e  v e r y  conspicuous in these  an ima l s .  Now, however ,  the whole p r o g r a m  of the a n i m a l ' s  behavior  was 
not a imed  at obtaining the r e i n fo r cem en t .  The goal of behavior  was apparent ly  l imi ted  to the p e r f o r m a n c e  
of the ins t rumenta l  movemen t  only. 

I t  can be concluded f r o m  the r e s u l t s  of these  expe r imen t s  as a whole that a f t e r  r emova l  of the frontal  
lobe of the cor tex  there  is " l ibe ra t ion ,"  of the ad rene rg ic  (predominant ly  re t icu la r )  s t r u c t u r e s  of the bra in  
s t e m  and l imbic  fo rmat ion .  I t  s e e m s  m o s t  p robable  that  the fo rmat ion  of the goal and the taking of dec i -  
s ions,  the cen t ra l  p r o c e s s e s  of in tegrat ion of goa l -d i rec ted  behavior ,  take place on account  of suppress ion  
of the act ivi ty of these  s t r u c t u r e s  by the f ronta l  cor tex  a t  the s tage of a f ferent  synthes is  [2, 3]. 
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