
f requency of 4.0 sec -1. A closely  s imi la r  p ic ture  was observed  in the left hear t ,  although the nonlineari ty of 
cor re la t ion  in this case  was r a the r  higher (y =0.16) than in the r ight  hea r t  (y=0.09-0.11).  

It  can be concluded f rom the r e su l t s  given above that c lose cor re la t ion  between contrac t i l i ty  of the a t r i a  
(as re f lec ted  in tension) and the hem0dynamic  act ivi ty  of the vent r ic les  (according to the maximal  value of 
p r e s s u r e  developed) over  a wide range of va r ia t ions  of in terspike  in te rva ls  is the basis  for construct ion of the 
control  loop for  the a r t i f i c ia l  hea r t  on the bas is  of information on a t r ia l  contract ion.  
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Two types of behaviora l  changes a r i s e  in cats  af ter  repe t i t ive  low-frequency s t imulat ion of the 
head of the caudate nucleus in cats .  Behaviora l  inhibition is  m o r e  frequent ly  t r i gge red  f r o m  the 
dorsomedia [  zone of the head, whereas  act ivat ion phenomena precede  depress ion  during s t imu la -  
tion of the ven t ro l a t e r a l  zone. The a s s o r t m e n t  and pa t te rn  of s te reo typed  movemen t s  following 
injection of the min imal  effect ive dose  of amphetamine  va ry  in different ways agains t  the back-  
ground of these changes.  After  s t imulat ion of the dorsomedia l  zones of the nucleus s t e reo typy  
is f i r s t  d isorganized and then weakened, whereas  caudate act ivat ion is a s soc ia ted  with s t reng then-  
ing of s te reotypy.  

KEY WORDS: amphetamine  s t e reo typy ;  eaudate nucleus;  la te  behav iora l  changes 

An impor tan t  place in the organizat ion of amphetamine  s t e r eo typyo fbehav io r ,  used as an expe r imen ta l  
model in psychopathology,  is a sc r ibed  to functional insufficiency of the caudate nucleus [1]. One of the neuro-  
physiological  facts  conf i rming the val idi ty of this opinion is the sudden abolition of s te reo typed  movemen t s  on 
e lec t r i ca l  s t imulat ion of that s t ruc tu re  [4]. However ,  i t  is c la imed that  the s table  behaviora l  changes which 
p e r s i s t  for  a long t ime af ter  the end of s t imulat ion a r e  much c loser  to the indices of na tura l  brain function 
than the phasic  r e s p o n s e s  a r i s ing  actual ly  during s t imulat ion [6]. 

It was the re fo re  decided to study the effect  of delayed caudate phenomena on the manifes ta t ion  of s t e r e o -  

typy. 

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

Ten ca ts  of both sexes ,  weighing 2.2-3.4 kg, took pa r t  in 74 exper iments .  In the p r e l i m i n a r y  s tage under 
pentobarbi ta l  anes thes ia  bipolar  s t imulat ing e lec t rodes  were  inser ted  into different  pa r t s  of the caudate nucleus 
and adjacent  brain s t ruc tu res .  In two an imals  s tee l  needles  also were  inse r ted  into var ious  pa r t s  of the cor tex  
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Fig. 1. Changes in spontaneous act ivi ty of cats  and act ivi ty  induced by amphetamine  
af ter  s t imulat ion of caudate nucleus. 1) Changesof  spontaneous behavior af ter  r epea ted  
s t imulat ion (time indicated by ar row)  of dorsomedia[  (A, cat  No. 48), and ven t ro ta t e ra l  
(B, cat  No. 47) zones of caudate nucleus. Here  and in Fig. 2, location of e lec t rodes  
indicated by a r r o w s  on s chem es  of f ronta l  brain sect ions;  2) the same ,  against  the 
background of amphe tamine  s te reo typy  (20 min af ter  injection of 0.5 m g / k g  amphe t -  
amine).  Continuous lines: init ial  pa t te rn  of s te reotypy;  broken line; the same  af ter  
s t imulat ion of nucleus. Each t r ace  r e p r e s e n t s  mean of f ive exper iments .  Absc issa :  
t ime (in min); ordinate;  number  of head movements .  

2 

�9 1 ~ c  [ 250  ~V 

Fig. 2. Effect  of r epea ted  st imulat ion of candate nucleus 
on EEG of sensomotor  cor tex  of cat  r ece iv ing  amphetamine .  
1) s low-wave EEG accompaniment  of  caudate  d e p r e s s i o n  
(4th s t imula t ion  of nucleus);  2) typical  desynchronizat ion 
of EEG in cat  with s t e reo typed  behavior  (40 min af ter  
injection of 0.5 m g / k g  amphetamine) ;  3) appearance  of syn-  
chronized rhy thm in cat  with s te reo typed  :behavior af ter  
r epea ted  s t imulat ion of nucleus (40 min a f t e r  injection of 
amphetamine) .  Resul t s  of different  expe r imen t s  on same  
an imal  (cat No. 51), 

in o rder  to r e c o r d  the EEG. Spontaneous behavior  of the cats  and the cha rac t e r  of r e s p o n s e s  to tes t  s t imuli  
(a rus t l ing  sound, r a i s ing  the hand, food, and so on) were  a s s e s s e d  visual ly ,  photographical ly ,  and cyc lographic -  
ally.  Stable behaviora l  changes  were  produced by long (2.5 min), r epea ted  (every 10-20 min,  up to 5 or 6 
t imes  in the course  of the exper iment )  low-frequency (two p u l s e s / s e c ,  0.5 msec)  brain  s t imulat ion.  Amphe t -  
amine  (in doses  of 0.1-3 mg/kg)  was injected in t raper i toneal ty .  The expe r imen t s  we re  c a r r i e d  out at  in te rva l s  
of a few days.  The r e s u l t s  of the main expe r imen t s  were  compared  with those of va r ious  control  d e t e r m i n a -  
tions (prolonged record ing  of spontaneous behavior ,  a s s e s s m e n t  of evoked r e sponses  in the animal ,  ef fects  of 
amphe tamine  alone, affects  of injections of physiological  saline on spontaneous and evoked behavior).  
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Fig. 3. Qual i ta t ive s t ruc tu re  of amphetamine  
s te reo typy  in cats  before and af ter  s t imulat ion 
of var ious  zones of caudate nucleus. A) s t i m -  
ulation of dorsa l  zone of head {cat No. 27) leads 
to appearance  of syneopal  manifes ta t ions  and 
t rans ien t  depress ion  of motor  au tomat i sms ;  B) 
addition of stepping movements  to pat tern  of 
s te reo typy  af ter  s t imulat ion of ven t ra l  zone of 
nucleus (cat No. 28). Effects  of second brain 
s t imulat ion 30 min af ter  injection of 0.5 m g / k g  
amphetamine  shown in both cases .  1) Grooming 
outwardly r e s e m b l i n g  natural ;  2) compuls ive  
grooming,  f r o m  which an imal  could be d i s t r ac ted  
only with difficulty; 3) head turning; 4) "F reez ing"  
on the spot; 5) lying on the floor with cessa t ion  
of all  s t e reo typed  movements ;  6) stepping move -  
ments  around the chamber ;  7) vocal  reac t ion;  
8) gaze concent ra ted  on one point. 

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

Stereotypy evoked by low threshold doses  of amphetamine  for that s ta te  was used as the t e s t  object.  As 
a ru le  s t e reo typy  of this s o r t  is  e a s i e r  to s imula te  by var ious  m e a s u r e s  than behaviora l  d i s o r d e r s  af ter  high 
doses of the drug. Usually 0.5-1 m g / k g  of amphetamine  was injected for this purpose ,  a f te r  which mos t  cats  
developed s te reo typy  consis t ing of turning the head f r o m  side to side, sniffing, s tepping f r o m  one paw to 
another ,  and licking the fur  monotonously (grooming).  Against  the background of this s te reo typy ,  r epea ted  
e l ec t r i ca l  s t imulat ion of the caudate nucleus was c a r r i e d  out. 

The w r i t e r s '  p rev ious  observa t ions  [5] show that the nucleus is  the sou rce  of two types of behavioral  
r e sponse  which s o m e t i m e s  last  for  tena of minutes  a f te r  the end of h igh-f requency st imulat ion.  A m o r e  wide-  
spread  phenomenon is  depress ion  of the ;animals ,  outwardly r e sembl ing  natura l  s leep:  The cats  cease  the i r  
locomotion, lie on the f l o o r  with their  eyes  closed,  and respond  apathet ical ly  to t e s t  s t imul i  (caudate d e p r e s -  
sion). Cer ta in  points can be dist inguished in the nucleus to s t imulat ion of which the an imals  respond  by ac t iva -  
tion phenomena,  consis t ing of m o r e  f requent  movemen t s  of the head f rom side to side and grooming.  In 
repea ted  expe r imen t s  the degree  of this act ivat ion usually d e c r e a s e s  and behavioral  depress ion  can eas i ly  
a r i s e  in i ts  place. 

In a low dose (0.1-0.25 mg/kg) ,  too sma l l  to induce the stereotypy, amphe tamine  weakened the fo rmat ion  
of caudate depress ion  and, on the other hand, faci l i ta ted the appearance  of act ivat ion changes.  That  is  why, 
aga ins t  the background of a dose of amphetamine  large enough to produce the s te reo typy ,  the previous  pa t t e rn  
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of behaviora l  depress ion  was not obtained even during r epea t ed  s t imulat ion of the nucleus.  However,  an 
apprec iab le  change was found in the cha rac t e r  of s te reo typed  behavior:  The pa t te rn  and a s s o r t m e n t  of auto-  
mat ic  movemen t s  and their  intensi ty  and s tabi l i ty  change. Although these  changes va r i ed  substant ia l ly  with 
t ime f r o m  one exper imen t  to another  and in different  an imals  (making analys is  of the r e s u l t s  as a whole m o r e  
difficult), ce r t a in  genera l  p r inc ip les  could neve r the le s s  be detected. 

The f i r s t  consequence of in te rac t ion  between behaviora l  d i so rde r s  caused  by amphe tamine  and behaviora l  
shif ts  t r i gge red  by s t imulat ion of the nucleus was weakening of the s te reotypy.  This pas sed  through a phase of 
d isorganizat ion of moto r  au toma t i sms .  After  the f i r s t  one or two brain  s t imulat ions  the head turnings a s su med  
the f o r m  of sweeping,  wide-ampl i tude  movemen t s ,  usually toward the side opposi te  to the s t imulated side of 
the nucleus.  Monotonous grooming  in a ce r ta in  location (Hcking the side, the tail ,  or  the anus) was rep laced  
by e x t r e m e l y  chaotic cleaning movemen t s ,  with f requent  changes of location, and fo rma l i zed  up to the limit. 

Dist inct  f ea tu re s  of r e s t r i c t i o n  of s t e reo typy  appeared  a f t e r  3-5  s t imula t ions  of the caudate nucleus 
(Fig. 1A). The number  of s t e reo typed  head turnings was reduced,  they took place m o r e  slowly, and were  
in te r rup ted  by frequent  pauses ,  during which the an ima l s '  gaze was concent ra ted  on one point. For a shor t  
t ime (30-40 sec) the an imal  could lie on the f loor  with i ts  eyes  closed.  All movemen t s  d i sappeared  at such 
t imes .  The c l e a r e s t  depress ion  of s t e reo typy  took place when caudate depress ion  r eached  a max imum in the 
control  (2-7 min a f te r  the s t imulat ing cu r r en t  was stopped). In some expe r imen t s  (25-30% of all  cases)  
r epea ted  s t imulat ion of the nucleus has tened the end of amphetamine  s tereotypy.  Norma l  behavior was r e -  
s to red  on ave rage  10-15 min e a r l i e r  than in the contro l  de terminat ions .  

Bes ides  the pure ly  ex te rna l  f ea tu res  descr ibed  above,  two other  indices gave evidence of weakening of 
s te reo typy .  The r e s p o n s e  of the an ima l s  to va r ious  t e s t s  (the introduction of indifferent  and adequate v isual  
s t imul i  into the chamber ,  s t roking,  threatening with an object) during the per iod of m a x i m a l  l imitation of 
motor  a u t o m a t i s m s  indicated that  their  behavior  had become less  adequate.  The cats  followed the object  shown 
to them longer and responded  m o r e  eager ly  to stroking.  Weakening of the s t e reo type  a lso  was shown by the 
EEG data. Whereas  amphe tamine ,  in the doses  used, caused pe r s i s t en t  desynchronizat ion of the e l e c t r o c o r t i -  
cogram,  during the per iod  of a r t i f ic ia l ly  evoked depress ion  of s te reo typed  movement s ,  the pauses  and fixation 
of the gaze co r re sponded  to rhy thmic  synchronizat ion of sensomotor  cor t i ca l  e l ec t r i ca l  act ivi ty.  When the 
an imals  lay on the f loor ,  a s suming  for  a shor t  t ime the typical  pos tu re  of caudate depress ion ,  i ts  EEG-  
accompaniment  was r e c o r d e d  in the f o r m  of sp indle-shaped d i scharges  (Fig. 2). 

Limita t ion of the intensi ty  of the s t e reo typy  was obse rved  a f te r  r epea ted  e l ec t r i ca l  s t imulat ion not of 
the whole caudate nucleus,  but predominant ly  of the dorsomedia l  zones of the head, i .e . ,  in those regions  where  
caudate depress ion  can m o r e  eas i ly  be provoked (Fig. 1). Stimulation of the cor tex  above the nucleus or 
in terna l  capsule  gave no such effect.  The ven t ro l a t e r a l  reg ion  of the head was the source  of behavioral  changes 
of a di f ferent  type. Control  s t imulat ion of this region of the nucleus without amphetamine  led to a s ta te  
predominant ly  of ac t iva t ion ,  m a r k e d  by an i nc r ea se  in or  s tabi l izat ion of the number  of head turnings and 
grooming  movement s .  Under o rd inary  conditions as the an imal  became accus tomed  to the chamber  the number  
of head turnings  d e c r e a s e d  gradual ly.  I t  i s  not surpr i s ing ,  the re fo re ,  that  aga ins t  the background of amp h e t -  
amine these  behaviora l  shif ts  we re  potentiated. Repeated  brain  s t imulat ion was accompanied  by an i nc rea se  
in the f requency of head turnings and of grooming,  r e s e m b l i n g  the ord inary  s te reo typy  in i ts  pa t tern ,  but m o r e  
intensive (Fig. 1B). New f o r m s  of motor  au toma t i sms  also could be provoked f r o m  the ven t ro la t e ra l  regions 
of the nucleus.  In pa r t i cu la r ,  both during s t imulat ion and at  var ious  t imes  af ter  i ts  end, " d r e s s a g e "  movemen t s  
f requent ly  appeared.  The whole behavior  of the an imals  acqui red  an emot ional  over lay ,  with e lements  of 
anxiety and r e s t l e s s n e s s .  As a whole, against  the background of behaviora l  shifts  of different  cha rac t e r  and 
origin,  the a s s o r t m e n t  of component  e lements  of s t e reo typy  was different  (Fig. 3). 

Stable behaviora l  s ta tes  t r i gge red  by r e p e a t e d  s t imulat ion of the caudate nucleus in cats  can thus give 
r i s e  to d ivergent  ef fec ts  of the mani fes ta t ions  of amphetamine  s te reotypy.  This conf i rms  the suggest ion made 
previous ly ,  that  the nucleus has  a va r i ed  ro le  in s t e reo typed  behavior ,  and that such behavior  may  a r i s e  through 
dis turbance of in t raeaudate  re la t ions  [1]. 

It  is  r easonab le  to a s s um e  that  on account  of the s ame  neurochemica l  mechan i sm,  namely  potentiation 
of n ig ros t r i a t a l  dopaminerg ic  t r ansmis s ion ,  in the p roce s s  of organ.ization of amphe tamine  s te reo typy  the drug 
can block reg ions  of the nucleus which exe r t  an inhibitory effect  on behavior and, at the s ame  t ime,  can s t imu-  
late zones which s e r v e  as the sou rce  of behaviora l  activation.  The basis  for  this a s sumpt ion  is  the exis tence  
of antagonis t ic  zones  in the nucleus,  with opposi te  r o l e s  in the organizat ion of r o t a to ry  movemen t s ,  and topo-  
graphical ly  c lose  to those  desc r ibed  in this paper  [2, 3], and also the probabi l i ty  of d i s s imi la r  (exci tatory and 
inhibitory) synapt ic  r o l e s  of caudate dopamine [7]. 
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H Y P E R V E N T I L A T I O N  A N D  I N H I B I T O R Y  

S Y N A P S E S  

S. I .  F r a n k s h t e i n ,  T .  I .  S e r g e e v a ,  
a n d  Z .  N. S e r g e e v a  
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Inject ion of a subconvuls ive dose of s t rychnine,  which blocks inhibi tory synapses ,  considerably  
potent ia tes  the re f lex  act ivi ty  of the r e s p i r a t o r y m u s c l e s i n  r e sponse  to sc ia t ic  ne rve  s t imula -  
tion and inhalation of a hypercapn ic  mixture .  Inhibi tory synapses  thus prevent  excess ive  hypo-  
capnia  induced by hypervent i la t ion.  

KEY WORDS: s t rychnine;  hypervent i la t ion;  hypercapnia .  

Strychnine is  a s t imula to r  of r e sp i r a t ion .  I ts  action is due to blocking of inhibi tory synapses  [4]. How- 
ever ,  i t  does not affect  the vagal  inhibi tory r e f l ex  f rom the lungs [1-3]. I t  can be postulated that  the m e c h a -  
n i s m o f a c t i o n o f  s t rychnine  on the r e s p i r a t o r y  s y s t e m  depends on i ts  disinhibi tory act ion on motoneurons  
innervat ing the r e s p i r a t o r y  musc le s .  To analyze this question the effect  of subconvulsive doses  of s t rychnine 
(0.07 mg/kg)  was studied on: 1) r e s p i r a t o r y  r e f l exes  induced by s t imulat ion of the cen t ra l  end of the divided 
scia t ic  nerve ,  and 2) act ivi ty  of r e s p i r a t o r y  musc l e s  induced by inhalation of a hypercapnic  mixture .  

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

Exper imen t s  were  c a r r i e d  out on 12 ca ts  anes thet ized with uret tmne (1.5-2.0 g/kg,  intravenously) .  
Record ing  e l ec t rodes  were  sutured to the s t e rna l  pa r t  of the diaphragm. The cent ra l  ends of the divided 
scia t ic  ne rve  were  s t imula ted  with square  pulses  0.5 m s e c  in duration and with a f requency of 10 Hz. A gas 
mix tu re  consis t ing of 6% CO 2 in a i r  was  used. 

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

Before  inject ion of s t rychnine  the r e sp i r a t ion  ra te  was 24.5 �9 1.4 pe r  minute.  The threshold  of the 
r e s p i r a t o r y  r e f l e x  (quickening of r e s p i r a t o r y  d i scharges  of the diaphragm) was 20-30 V. When s t imulat ion of 
the ne rves  ceased,  r e sp i r a t i on  was immedia te ly  r e s to r ed .  Subconvulsive doses  of s t rychnine  caused a ve ry  
slight i nc rea se  in r e sp i r a t i on  r a t e  (27.5 • 2.1), and s o m e t i m e s  a lso  an i nc r ea se  in the r e s p i r a t o r y  d i scharges  
of the diaphragm. 

After  inject ion of the subconsuls ive  dose of s t rychnine the threshold  of the r e s p i r a t o r y  r e f l ex  was 
reduced by 75-80%. The r e s p i r a t i o n  r a t e  r eached  36 .0*  1.7 and r ema ined  at this level  for  15 sec  to 1 min  a f te r  
the end of ne rve  s t imulat ion.  

Inhalation of the hypercapnic  mix tu re  caused an i nc rea se  in the depth and f requency of the r e s p i r a t o r y  
d i scharges .  After  injection of s t rychnine ,  inhalation of the s ame  gas mix tu re  caused a sha rpe r  inc rease  in the 
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