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Single stimulation of A-fibers of the tibial nerve in cats decerebrated at the ros t ra l  border of the 
mesencephalon (meseneephalic animals) at various levels of the pons, including the region of the 
pontobulbar junction, and the most ros t ra l  levels of the medulla (pontine animals), or rather more 
caudally to this region (bulbar animals), evoked a late response in the renal nerve,  consisting of 
excitatory and inhibitory components. In 53% of experiments on pontine animals, 42% of exper i -  
ments on mesencephalic animals, but only 18% of experiments on bulbar animals the excitatory 
component of the response was small or even absent. The system generating the inhibitory com- 
ponent of the response was most active and most excitable in the pontine cats.  However, features 
indicating relative potentiation of the inhibitory component of action of impulses in A-afferents on 
vasoconstr ictor  neurons in the pontine animals were not sufficiently constant to account for the 
switch from hypertensive reflexes to impulses from somatic A-afferents into hypotensive, taking 
place after disconnection of the s tructures  of the pontobulbar junction and rostra[  levels of the 
medulla from the mesencephalon. 

KEY WORDS: decerebration;  somatosympathetic responses; blood pressure  ref lexes .  

The A-afferent volley of spinal nerves can evoke discharges in sympathetic nerves which, depending on 
their  latent period, are  known as ear ly ,  late, and very late A-responses [8,14,16,17]. The properties of the 
late A-response has been studied chiefly in experiments on anesthetized animals with an intact brain.  Some 
workers [9,10] have also observed this response in cats after p re -  or intercollicular decerebration, but the 
character is t ics  of the late A-response after t ransection of the brain stem at different levels has not been com-  
pared in detail.  

The object of the present investigation was accordingly to study the reason why hypertensive reflexes to 
impulses in somatic A-afferents change into hypotensive when structures of the pontobulbar junction and ros t ra l  
levels of the medulla are disconnected from the mesencephalon [1-3]. 
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F~. 1. Form of appearance of components of Late A- 
response in decerebra te  animals .  Amplitude of st imuli  
30 thresholds .  Averaging of 20 real izat ions of responses  
to single (applied at intervals of 5 sec) st imuli  in mesen -  
cephalic (1,4), bulbar (2), and pontine (3 ,5 )an ima l s .  
Ar rows  indicate t imes of application of s t imuli .  

EXPERIMENTAL METHOD 

Cats were decerebrated under ether anesthesia by high-frequency electrocoaguLation of the brain tissue 
[2-4]. In 12 cats the brain stem was divided in a plane passing through the mammillary bodies and just ante- 
riorly to the corpora quadrigemina (mesencephalic animals); in 17 cats at different levels of the polls and also 
in the region of the pontobulbar ]unction and the most rostra[ levels of the medulla (this group was conven- 
tionally described as pontine animals); in II cats somewhat more caudally to this region (bulbar animals). 
The caudal boundary of division of the brain stem was identified in brain sections fixed in formalin. 

After deeerebration the ether anesthesia was stopped and, after an interval of 2-4 h, investigation of 
responses evoked in the renal nerve (representative of the vasoconstrictor system [5, 8, 9]) by volleys of im- 
pulses in A-afferents of the tibial nerve (TN) began. The nerve was divided at the metatarsal joint and stimu- 
lated electrically (pulses 0.i msec in duration, 0.i-3.0 V in amplitude, or to excite A + C fibers of TN, dura- 

l 
tion 100 msec, amplitude 15 V), applied through an isolating transformer from an ESL-I stimulator, controlled 
by an ESU-I stimulator. An amplitude of 0.1 V, corresponding to the threshold of excitation of Aft-fibers of 
TN, was taken as the unit of amplitude of the stimuli (1 threshold) [5, 8]o The left renal nerve, isolated extra- 
peritonealIy, was divided, flooded with warmed mineral oil, and connected through bipolar platinum electrodes 
to the input of a UBP-I-02 amplifier. The output of the amplifier was connected (through a bridge circuit, 
converting bipolar signals into monopolar) with an ATAS-201 instrument, carrying out coherent (to the stimu- 
lating pulses) accumulation of the signals followed by their averaging. 

Movements of the animals were prevented by intravenous injection of succinylcho[ine (0.15 mg/kg .mill 
continuously) or flaxedil (a single injection of 4 mg/kg,  with addition of smal le r  doses as required) .  The 
volume of ar t i f icial  ventilation of the lungs was determined f rom nomograms  [11]. The rec ta l  t empera ture  
was kept between 36 and 38~ by means of an e lectr ic  heater .  The p res su re  in the r ight femora l  a r te ry  
(contralateraL to the stimulated TN) was measured  by a me rcu ry  manomete r .  In all the experiments  it Lay 
between 110 and 160 mm Hg. 

EXPERIMENTAL RESULTS 

Like other invest igators  [12,13], we observed the appearance of an ear ly  A- response  in the form of a 
short  discharge with a latent period of not more  than 50 msec in this nerve [5] and only ext remely  r a r e l y  in the 
postganglionic renal  nerve .  A late response  (LR) was detected in all the decerebra te  animals ,  although it 
could be absent in some of them during the f i r s t  period of the exper iment .  

89 



2 ,, ~ 

4 I 

I , , L J I I ~ I ! I I 
0 0,5 /see 

Fig .  2. Overcoming the s ta te  of "blockade" of late A-  
r e sponse  (1) in mesencepha[ ic  eat  dur ing s t imula t ion  of TN 
with shor t  volley of s t imul i  (2) and a f te r  repea ted  te tanic  
s t imula t ion  of ,~ + C af fe ren ts  of TN (3, 4). 1-3) Amplitude 
of s t imul i  30 th resho lds ;  2,3)  f requency 3 pu l ses /100  sec ;  
4) ampli tude of s t imul i  3 th re sho lds .  Remainde r  of legend 
as in Fig.  1. 

Most f requent ly ,  just as in anesthet ized an imals  with an intact b ra in ,  the exc i ta to ry  component  of LR 
- -  a d i scharge  with a latent per iod of the o rder  of 100 m s e c  - -  was followed by t e m p o r a r y  in ter rupt ion of tonic 
d i scha rges  - -  the inhibitory component  of Ll~ (Fig. 1: 1)o In individuaI an imals  at  c e r t a in  per iods  of the e x p e r -  
iment ,  the ave raged  exc i ta tory  component  of LR was only a little s t r onge r  than the averaged  tonic d i scharges  
(Fig. 1: 2), whereas  at other t imes  of the s ame  expe r imen t  it was cons iderably  g r e a t e r .  In some animals  the 
exc i ta tory  component  was pe r s i s t en t ly  absent  although the inhibi tory component  was well defined (Fig. 1: 3). 
Occasional ly ,  when the exc i ta tory  component  was c l ea r ly  defined, the inhibi tory component  was absent  (Fig. 1: 
4). Final ly ,  in some  an imals  inhibition preceded the exc i ta to ry  component  and continued a f te r  its end (Fig. 1: 
5). The exis tence  of such p r e - e x c i t a t o r y  inhibition has a lso  been descr ibed  in anes thet ized an imals  with an 
intact b ra in  [15]. 

The va r ia t ion  in the shape of Ll~ (Fig. 1), indicates that  the appearance  of its exc i ta to ry  and inhibitory 
components  can be r ega rded  as the r e su l t  of ac t ivat ion of two independent in terneuronal  pathways,  each of 
which could in pr inciple  be the sole act ing channel of t r a n s m i s s i o n  of impulses  of somat i c  A-a f fe ren t s  to the 
v a s o c o n s t r i c t o r  neurons .  To evaluate  the s ta te  of the s y s t e m s  genera t ing  these  components  of LR a f te r  the 
di f ferent  d e c e r e b r a t i o n s ,  r e c o r d s  of all  40 expe r imen t s  obtained under  the following identical  conditions were  
compared :  1) s t imula t ion  of TN with a s t rength  of 30 thresholds  (sufficient to cause  exci ta t ion of near ly  all its 
group A a f fe ren t s  [5]), 2) number  of ave raged  rea i iza t ions  20, 3) per iod of repet i t ion  of single s t imul i  5 sec ,  
4) record ing  in f i r s t  s tage of expe r imen t ,  i . e . ,  before  s t imula t ion  of C-a f f e r en t s  of TN. 

C o m p a r i s o n  of these  r e c o r d s  gave the following resu l t s :  F i r s t ,  an intensive exc i ta to ry  component  of LR, 
much s t ronge r  than the mean  level of the tonic d i scharges  (compare Fig .  1 : 1  and 4-5) was observed  mos t  f r e -  
quently in the buibar  an ima l s  (82% of exper imen t s )  and leas t  f requent ly  in the pontine an ima l s  (47% of e x p e r i -  
ments) ;  in the mesencepha l ic  an imals  an intensive exc i ta tory  component  of LR occur red  in 58% of expe r imen t s ;  
second,  mos t  expe r imen t s  in which the exc i ta tory  component  of Ll~ was absent  (Fig. 1: 3) occur red  in the group 
of pontine an imals  (24%), and r a t he r  fewer  in the mesencepha l i c  group  (17%); among the butbar  animals  there  
were  no expe r imen t s  in which the exc i ta to ry  components  of LR were  absent .  The  occur rence  of only a weak 
exc i ta tory  component  of Ll~ (Fig. 1. 2), or indeed its total  absence ,  is evidence of an inhibited s ta te  of the 
s y s t e m  genera t ing  this component .  Consequently,  the s y s t e m  genera t ing  the exc i ta to ry  component  of LR in the 
mesencepha l i c  an imals  was inhibited in 42%, in the pontine an imals  in 53%, but in the butbar  an imals  in only 
18% of e x p e r i m e n t s .  

The impor tan t  r e s u l t  is that in the mesencepha l i c  an imals  a s tate  of "blockade" of the exc i ta to ry  co mp o -  
nent of LR was usual ly  accompanied  by absence  of its inhibitory component  a l so  (Fig. 2: 1), and this s ta te  
could eas i ly  be overcome by s t imula t ion  of A-a f fe ren t s  of TN with a shor t  h igh-f requency volley of s t imul i  
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(Fig. 2: 2) or  by p r e l i m i n a r y  s t imula t ion  of A + C af fe ren ts  of TN (Fig. 2: 3), a f te r  which even weak single 
vol leys  of A-a f f e r en t s  caused a w e l l - m a r k e d  LR (Fig. 2: 4). By con t ras t  with th is ,  blockade of the exc i ta tory  
component  of LI1 in the pontine an imals  did not affect  its inhibitory component  (Fig. 1 : 3) and nei ther  an i m -  
p rovement  in the conditions of t e m p o r a l  s u m m a t i o n  in the a rc  of LI! nor  an inc rease  in the exci tabi l i ty  of this  
a rc  by p r e l i m i n a r y  te tanic  s t imula t ion  of the A + C af fe ren ts  of TN [6] was able to cause  the appearance  of an 
exc i ta to ry  component  of LR.  I n  half of the pontine an imals  p e r s i s t e n t  inhibition of the s y s t e m  genera t ing  the 
exc i ta to ry  component  of LIt thus appea red .  

The s ta te  of the s y s t e m  genera t ing  the inhibitory component  of Ltl was a s s e s s e d  by the p r e s e n c e ,  c o m -  
p le teness ,  and durat ion of inhibition of tonic d i s c h a r g e s .  In 33% of mesencepha l i c  an imals  the inhibitory c o m -  
ponent was absent  (see F igs .  1 : 4  and 2: 1), whereas  in the bulbar  and pontine an imals  the s ame  phenomenon 
was found e x t r e m e l y  r a r e l y  - -  in only one an imal  f rom each group.  Among the bulbar  and mesencepha l ic  an t -  
ma l s ,  the number  of expe r imen t s  in which inhibition of the tonic d i scharges  was complete  was sma l l ,  but 
among the pontine an imals  the number  of these  expe r imen t s  was cons iderab le ,  namely  59?0. The durat ion of 
inhibition in mesencepha l ic  cats  did not exceed 0~ sec  and in bulbar  cats  0.36 sec ,  but in five pontine animals  
it was apprec iab ly  g r e a t e r  than 0.5 sec ,  and even reached 1-1.5 s ec ,  i . e . ,  values considered to be no rma l  for  
anesthet ized an imals  with an intact b ra in  [14,17]~ Consequently,  a tendency toward the appearance  of a more  
marked  inhibitory component  of Ltl  was c h a r a c t e r i s t i c  of the pontine dece r eb ra t i ons :  Inhibition was often c o m -  
ple te ,  and s o m e t i m e s  it was ve ry  prolonged.  

The threshold  for detect ion of the inhibitory component  of LR in all the d e c e r e b r a t e  animals  was e i ther  
a little below the threshold of detect ion of its exc i ta to ry  component  (this was pa r t i cu la r ly  c h a r a c t e r i s t i c  of the 
pontine an imals  --  in 86?0 of expe r imen t s ) ,  or it coincided with the la t ter  (in 40?0 of expe r imen t s  in m e s e n -  
cephal ic  and 60?0 of expe r imen t s  in bulbar  an imals ) .  No apprec iable  d i f fe rences  could be found in the threshold  
of appearance  of the exc i ta tory  component  of LIt that could be linked with the levels  of dece reb ra t i on .  It can 
t he re fo re  be suggested that  the pe r s i s t en t  inhibition of the exc i ta to ry  component  of LR in 53?0 of pontine cats 
was due, not to a dec r ea s e  in the exci tabi l i ty  of the cor responding  in terneuron  s y s t e m ,  but to a dec r ea se  in 
the number  of pregangl ionic  v a s o c o n s t r i c t o r  neurons capable of responding with a d i scharge  to an A-a f f e r en t  
vol ley .  The possibi l i ty  of such a change in di f ferent  s ta tes  of the CNS will be c l e a r ,  in pr inc ip le ,  f r o m  Fig.  
2~ 

The suprabu tbar  s t r u c t u r e s  respons ib le  for  control l ing exci tabi l i ty  of spinal  Ltl  a r c s  [5, 7, 8] a re  ev i -  
dently capable  of changing the eff iciency of s ignal  t r a n s m i s s i o n  along in terneuronal  pathways with exc i ta tory  
and inhibi tory act ion on neurons of the spinal  common path --  pregangl ionic  neurons -- or even causing c o m -  
plete blockage of one or other  of these  pathways .  In this connection if is in teres t ing  that  it was in some of the 
pontine cats  that  only an inhibi tory component  of LR could appea r  (Fig. 1: 3), and its durat ion c o u l d b e p a r t i c -  
u l a r l y  long. It  s e e m s  likely that  these  phenomena re f l ec t  enhanced ac t iv i ty  of the spinal  pathway for  t r a n s -  
m i s s ion  of the inhibi tory component  of LIt [7, 8,18] and that  inhibition of the exc i t a to ry  component  of LB in 
pontine cats  is the r e su l t  of the enhanced effect  of this inhibi tory pathway on pregangl ionic  neurons .  

Although s e v e r a l  f ea tu res  pointing to re la t ive  enhancement  of the inhibi tory component  of the act ion of 
impulses  in A-a f fe ren t s  of TN could be found in the LIt of the pontine ca t s ,  they were  not sufficiently constant  
to explain why it is in these  an imals  that even s t rong te tanic  s t imula t ion  of A-a f fe ren t s  lowers  the a r t e r i a l  
blood p r e s s u r e  [1,3]. The decis ive  fac tor  for  this effect  is inhibition of the ve ry  late A - r e s p o n s e  in the pon-  
tine an imals ,  which may lead to predominance  of the inhibitory act ion of impulses  along A-a f fe ren t s  on the 
s y s t e m  of v a s o c o n s t r i c t o r  neurons and, cor responding ly ,  to the appearance  of d e p r e s s o r  re f lexes  instead of 
p r e s s e r .  
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F O R M A T I O N  OF C O M P L E X E S  OF E P I L E P T I C  A C T I V I T Y  

IN THE CEREBRAL CORTEX UNDER THE INFLUENCE 

OF A DETERMINANT FOCUS INDUCED 

BY ACETYLCHOLINE 

G.  N.  K r y z h a n o v s k i i , *  R .  F .  M a k u l ' k i n ,  
A.  A .  S h a n d r a ,  and  N.  E .  O k h t i s h k i n  
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Foci of enhanced excitability, with independent discharge patterns,  were created by means of 
weak solutions of strychnine and penicillin in cats.  The creation of a hyperactive focus by 
means of acetylchoiine {ACh) and neostigmine ted initial{y to an increase i~ the amplitude and 
frequency of the paroxysmal discharges in the nearest  foci of activity, and later in foci remote 
from the hyperactive focus. Qualitative changes subsequently developed in the pattern of activity 
of the strychnine and penicillin foci (with the appearance of ACh-activity in them) and a single 
functional complex of foci with the same discharge pattern as the ACh-focus was formed. The 
latter thus plays the role  of determinant s t ructure .  Inhibition of the activity of the determinant 
focus was followed by disappearance of ACh-activity in the other foci, restorat ion of original 
(penicillin or strychnine) activity in them, and destruction of the epileptic complex. 

KEY WORDS: determinant focus; epileptic complex; neocor.tex; strychnine; penicillin; 
acetylcholine. 

Previous investigations showed [3-6] that a focus of powerful excitation created in the orbital or temporal  
region of the cerebra l  cor tex can play the role of a determinant s tructure [1,2], i . e . ,  one which determines the 
character  of activity of other separate foe[ of paroxysmal activity, strengthens excitation in them, unites them 
into a single functional complex, and determines the behavior of the complex as a whole. Such a complex 
could be destroyed by inhibiting the action of the determinant focus, whereas disconnection of the other foci 
forming the complex had no significant effect on its behavior.  In the investigations cited above a focus created 
by means of strychnine and penicillin, which disturbed various types of inhibition [7-11 ], possessed de termi-  
nant propert ies .  

In the present  investigation acetyicholine (riCh) was used to create the determinant focus. 

The use of ACh is interesting from several  points of view. It is known to cause direct  depolarization of 
neurons [12,13]; the mechanisms of formation and the functional s tructure of the focus of activity arising 
under the influence of ACh differ from those produced by the action of strychnine and penicillin; the character  
of activity in an ACh-focus is also different in principle.  The question arose whether such a focus could play 
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