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Stimulation of the gyrus cinguli anterior and the amKydaloid nuclei in chronic experlments on dogs 
during activity of the stomach and small intestine causes inhibition of their motor activity, followed by ex- 
citation of contraction of both parts of the alimentary tract and increased tens of the small intestine. Stlrn- 
ulation of the same brain structures while the stomach and small intestine are in a state of rest often stim- 
ulates their motor activity. 

Our prev ious  expe r imen t s  [3, 5] demons t ra t ed  par t ic ipa t ion  of s t r uc tu r e s  of the l imbic  c o r t e x  and 
amygdalofd nuclei in the control  of the s e c r e t o r y  acti~2ty of the gas t r i c  and s a l i v a r y g l a n d s .  We have a l so  
studied the ro le  of these  bra in  s t ruc tu r e s  in the regulat ion of m o t o r  act ivi ty  of the ga s t ro - i n t e s t i na l  tract~ 
because  the avai lab le  data on this p rob lem is -or~Acttng [1, 2, 6-10].  Most  obse.r~ations were  made  in 
acute expe r imen t s  using genera l  anesthetics~ capable  of influencing the mo to r  ac t iv i ty  of the g a s t r o - i n -  
tes t inal  t rac t ,  the physiological  s ta te  of the invest igated b ra in  s t ruc tu re s ,  and the e f fec ts  of  s t imula t ion .  
N. N. Bel le r  [1, 2] a t tempted  to r e so lve  some of these  contradic t ions ,  but his  own inves t iga t ions  on ca t s  
a l so  took the f o r m  of acute expe r imen t s .  

The object  of the p re sen t  invest igat ion was  to study the ef fec t  of s t imulat ion of va r ious  points  af  the 
gy rus  cinguli an t e r i o r  and am, ygdaloid nuclei on mo to r  act ivi ty  of the s tomach  and s m a l l  intes t ine under  
chronic  expe r imen ta l  conditions.  

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

Chronic expe r imen t s  we re  p e r f o r m e d  on 8 dogs with a B a s e r  - Pavlov g a s t r i c  fistula and with l a t e ra l  
f i s tu las  of the smal l  intest ine (as descr ibed  by Y~.~ubovich). The movemen~:s of the s tomach  and sma l l  in -  
t es t ine  were  r eco rded  by a ba l loon-graphic  method.  Mult ipolar  e l ec t rodes  w e r e  inse r t ed  into the gyrus  
ctngult an te r io r  of 4 dogs and into the s t ruc tu r e s  of the ~tmygdaloid nuclei of ano ther  4 dogs.  The e l ec t rodes  
w e r e  introduced into the gyrus  cinguli an t e r io r  through a b u r r  hole in the r ight  f rontal  bone. Four -po in t  
e l ec t rodes  were  inse r ted ,  thei r  points being pushed into the bra in  t i s sue  of the gy rus  cingull a n t e r i o r  to a 
depth of 1-2 m m .  E lec t rodes  were  inser ted  into the amygdaloid nuclei  by using the s a m e  app roach  and 
pr inc ip les  of operat ion as desc r ibed  prev ious ly  [3] for  inser t ing e l ec t rodes  into the hypotha lamus .  ~Vnen 
the htppocampal  gyrus  had been located, the e l ec t rodes  mounted on a r ec tangu la r  plate  we re  pushed into 
the bra in  t i s sue  until thei r  points reached the s t r u c t u r e s  of the amygdaloid nucle i .  The ends of tlm con-  
ductors  t e rmina ted  in pins in a spec ia l  block fixcd to the frontal  bone.  During the expe r imen t  w i r e s  f rom 
the sources  of cu r r en t  for  e l ec t r i ca l  s t imulat ion were  co,'mected to the pins. Af t e r  the opera t ion  the loc~-  
tion of the e l ec t rodes  was conf i rmed rocntgenologlcal ly,  and a f t e r  the end of the e x ~ r i m e n t  it  was  fu r the r  
conf i rmed mac roscop i ca l l y  in s e r i a l  sect ions  through the a r e a s  of the bra in  inves t iga ted .  

The va r ious  points  of the gyrus  cingull an t e r i o r  were  s t imulated by s inusoidal  cu r r en t  f rom a GZ-33  
audio-fr r  The durat ion of s t imulat ion was 0.S- ~ . rain, the f requency of the c u r r e n t  50 Hz, 
and i ts  s t rength  f r o m  0.1 to 3 rink. To s t imula te  the s t r u c t u r e s  of the amygdaloid  nuclei ,  in mos t  e x p e r i -  
ments  the s t rength  of the cur ren t  used was between 0.05 and 0.2 mA, but s o m e t i m e s  a cu r r en t  of 0.3-0.6 
mA also was  used.  Stimulation of the brain s t r u c t u r e s  was unlpolax and, l e s s  f requent ly ,  b ipo la r .  
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Fig. I. Effect of stimulation of gyrus cingull anterior with 
a current of 2.5 ~nA (A) and 2.1 mA (13) on motor activity of 
stomach and small intestine. From top to bottom: move- 
ments of stomach, movements of intestine, marker of stim- 
ulation, t i m e  m a r k e r  (15 see). 

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

Stimulation of the anterior part of the gyrus cinguli often caused a complex series of somato-.auto- 
nomlc responses. The animal became alerted, kept very still, licked itself, urinated, and so on. In r~- 
sponsetostronger stimulation the dogs developed a tremor, and sometimes an epileptic fit. To obtain ef- 
fects on the motor activity of the g~stro-intestinal tract without accompanying somatic motor responses, 
unlpolar and bipolar stimulation with a weak current (0.1-0.8 mA) were used. 

Unlpolar stimulation of the gyrus cingull anterior with an electric current of 0.5-2.5 mA against the 
background of active contractions of the stomach and small intestine in some experiments caused temporary 
inhibition of motor activity for 30-50 sec, followed by excitation. In other experiments inhibition continued 
throughout the per iod of b r i e f  s t imulat ion (0.5-1 min), and immedia te ly  a f te r  the end o[ s t imula t ion  this  was 
followed by exci ta t ion of cont rac t ions  o[ the s t o mach  and smal l  intest ine with an i n c r e a s e  in the tone of the 
la t te r .  However,  ff the duration of s t imulat ion of the gy rus  cinguli an t e r i o r  was  i nc rea sed  to 1.5 mln,  a s  
rule , the  intest inal  movemen t s  were  i n c r e a s e d  before  s t imulat ion ended (Fig~ IA).  

During t in|polar s t imulat ion of tlm .gyrus cinguli an t e r i o r  with the ga s t ro - t n t e s t i na l  t r a c t  In a r e s t t n g  
s ta te  contract ions  of the s tomach and s :nal l  intest ine developed.  Fa i r ly  s t rong  con t rac t ions  and an Incre.ase 
o( tone of the smal l  intest ine developed 60-90 sec  a f t e r  the beginning of stimuIa~Aon In mos t  expe r imen t~ ,  
whe rea s  the gas t r i c  movemen t s  were  re la t ive ly  weak (Fig. 1B). In the ca se  of s t imulat ion of the gy rus  
cinguli with the s tomach  in a r e s t ing  ~,ate and with ac t ive  m o v e m e n t s  of the jejunum, weak con t rac t ions  of  
the s tomach  and hnh!bitlon of in tes t inal  m o v e m e n t s  developed a t  once or  20-30 see  a f t e r  the be~nnir~g c~ 
st imululat ion.  The moto r  act ivi ty of both reg ions  of the gas t ro - in t e s t ina l  t r a c t  i n c r e a s e d  60~80 see  a f t e r  
the beginning of ~timulation for  1 rain, the tone of the Intest ine inc reased ,  and intes t inal  !~ris tals l~s a p -  
pea red .  The initial reactlcos of the s tomach  and small Intes t ine  to weak s t imulat ion of the gy rus  cin~.~[ 
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Fig.  2. Effect  of s t imula t ion  of amygdaloid nuclei by a 
cu r r en t  of 0.1 mA (A) and 0.2 mA (B). Legend a s  in Fig.  1 .  

anterlc~ thus depended on the initial physiological state of the gastro-lntestin~l tract at the moment of  
Btlmuiation. No pure ly  imhibitory or  purely  m o t o r  zones could be found in these  e .xperiments  in the gs, rus  
eingull an te r io r .  Often mixed e f fec t s  we re  obse rved .  These  d i f fe rences  in the e f fec ts  on the moto r  act ivi ty  
of the gas t r e - in t e s t i na l  t r a c t  we re  l a rge ly  de te rmined  by i ts  physiological  s t a te  at  the t ime  of s t imula t ion  
of the gyrus  cinguU. 

E lec t r i ca l  s t imulat ion of the amygdaloid  nuclei with a cu r r en t  of n.05-0.2 mA with the s tomach  and 
smal l  intest ine in a worl<ing s ta te  caused inhibition of cont rac t ions  of both divis ions,  followed by exci ta t ion 
of the i r  motor  ac t iv i ty  (Fig. 2A). The exci ta t ion developed 30-40 sec  f rom the beginning of s t imula t ion  o r  
immedia te ly  a f t e r  the end of s t imulat ion for  1 min .  With an i nc rea se  in durat ion of weak s t imulat ion,  e x -  
c i ta t ion of intes t inal  mo~cments  appea red  before  the cad of s t imulat ion.  ~ r o n g c r  s t imula t ion  of longer  
durat ion caused an epi lept ic  fit. During s t tmula t icn  of the amygd~tloid nuclei , the exci ta t ion of the s y m p a -  
thet ic  nervous  sy s t em  (pilomotor reac t ions  of the hair  of the upper  lip, twitching of m u s c l e s  at the angles  
of the mouth, etc.)  and the imhibi~ry r e s p o n s e s  of the gas t ro - in t e s t i ne  t r a c t  w e r e  m o r e  m a r k e d  than d u r -  
ing s t imulat ion of the gy rus  cingull a n t e r i o r .  

Stimulation of the amygdalotd  nuclei with the gas t ro - in t e s t ina l  t r a c t  in a r es t ing  s ta te  or  in the p r e s -  
ence of weak m o ~ m e n t s  of the sma l l  intest ine caused slight exci ta t ion of m o t o r  ac t iv i ty  of the s tomach  and 
sma l l  intest ine 30-50 sec  a f t e r  the bcglnning of s t imulat ion,  followed by s t r onge r  exci ta t ion (Fig. 2B). 
Somet imes  the tone of the intes t ine and s tomach  was  diminished dur ing the f i r s t  30-40 sec .  In some  e x -  
pe r lmen t s  exci ta t ion following weak s t imulat ion for  1 min did not appea r  until 2-3 min f rom the beginning 
of s t imulat ion.  With an inc rease  in the s t rength  of s t imulat ion to 0.3 mA, s igns of an epi lept ic  fi t  appeared~ 
and this s o m e t i m e s  became  fully developed even though s t imulat ion had been discontinued.  Somethne, s the 
f i t  appeared  in two waves:  the f i r s t  wave of the f i t  completed i ts  development ,  and a f t e r  an in te rva l  of 1-2 
rain the second wave appeared .  

The resu l t s  obtained indicate s im i l a r i t y  between the r e sponses  of the ga s t ro - in t e s t i na l  t r a c t  to s t i m -  
ulat ion of the gyrus  cingull an t e r i o r  and amygdalo id  nuclei.  However,  the inhibi tory e f fec ts  on g a s t r i c  and 
intest inal  movemen t s  a r e  m o r e  m arked  as a r e su l t  of s t imulat ion of the amyb-~daloid nuclei  than of the gyru~ 
clnguli .  These  r e su l t s  show that the gyrus  clnguli an t e r i o r  and amygdaloid  nuclei pa r t i c ipa te  in regula t ion  
of the moto r  ac t iv i ty  of the ga s t ro - in t e s t i na l  t r a c t .  
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