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It was  shown by r e c o r d i n g  focal  and root  r e s p o n s e s  ~o s t imula t ion  of the ne rve  to the g a s t r o c n e m i u s  
musc l e  that s t imula t ion  of d i f fe ren t  b ra in  s t e m  s t r u c t u r e s  c a u s e s  descending  exc i t a to ry ,  inhibi tory,  and 
mixed  e f fec t s ,  and that all  these  types  of r e s p o n s e s  can  be obtained f rom the s a m e  cen te r .  

The objec t  of this invest igat ion was to s tudy descending  inf luences  a r i s i n g  dur ing s t imula t ion  of v a r i -  
ous s t r u c t u r e s  of the medu l l a .  

The c h a r a c t e r  of s u p r a s c g m e n t a i  influences on r e f l ex  act.ivity of a group of ex t enso r  motoncurons  was 
a s s e s s e d  f r o m  changes  in the monos:y~aptic potent ial  of the v e n t r a l  root  and in the focal  potent ial  of the ven-  
t r a l  horn .  It has  been  sugges ted  [2, 3] that  by combined  r e c o r d i n g s  of these  potent ia ls ,  changes  a r i s i n g  dur -  
ing ac t iva t ion  of sup ra seg lnen t a l  s t r u c t u r e s  can  be s tudied not m e r e l y  in d i scha rg ing  motoneurons ,  but a lso  
in s u b t h r e s h o l d - a c t i v a t e d  mo toneu rons .  

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

E x p e r i m e n t s  were  c a r r i e d  out on uaanes the t i zcd ,  c u r a r i z e d  c a t s .  Ref lex  monos)-aapt ic  r e s p o n s e s  of a 
group of ex tenso r  motoneurons  were  produced by  s ingle  ( 1 / s e e )  th resho ld  s t imula t ion  of the n e r v e s  to the 
g a s t r o c n e m i u s  m u s c l e .  Foca l  potent ia ls  of the mo toneu ron  nucleus  were  r e c o r d e d  by meta l l i c  e l ec t rodes  
with a tip 30-40 p in d i a m e t e r .  Ref lex  potcnt ia ls  we re  r e c o r d e d  f r o m  Che 7th ven t ra l  roo t  bY means  of s i l ve r  
e l e c t r o d e s .  Stepwise (0.5-6 V) s t imula t ion  (150-200 / see )  of the m e d u l l a r y  s t r u c t u r e s  was appl ied through 
me ta l l i c  e l e c t r o d e s  s i m i l a r  to those  used  for  r e c o r d i n g .  The pos i t ion  of the e l ec t rodes  was ve r i f i ed  by  
m i c r o e l e c t r o l y s i s  [4], fol lowed by p r e p a r a t i o n  of s e r i a l  b r a i n  sec t ions  and identif icat ion f r o m  the a t l a s e s  
of Gran tyn '  [1] and Rexed [i0] .  

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

Act iva t ion  of va r i ous  a r e a s  within the lower  two- th i rds  of the rhomboid  fossa  on both i p s i l a t e r a l  and 
e o n t r a l a t e r a l  s ides  was accompan ied  by  a v a r i e t y  of changes  in. the r e f l e x  r e s p o n s e s  of the motoneuron  cen-  
t e r  for  the g a s t r o c n e m i u s  m u s c l e .  O11 this b a s i s ,  four  funct ional ly  d i f fe ren t  s t r u c t u r e s  were  dis t inguished 
(Table I ) .  It will be c l e a r  f r o m  Table  1 and Fig .  1 that within the l imi t s  of this a r e a  of the rhomboid  fo s sa  
topographic  ove r l app ing  of funct ional ly  he te rogeneous  s t r u c t u r e s  t akes  p lace .  F o r  this  r e a s o n  it is i m p o s -  
s ib le  to d raw a s h a r p  line he tween a r e a s  g iv ing  r e s p o n s e s  of d i f fe ren t  c h a r a c t e r  [7, 8]. At the s a m e  t ime,  
however ,  in con t r a s t  to in format ion  given by or ! ta r .au thors  [ l l ] , ' o u r  r e s u l t s  do not suppor t  a c o m p l e t e l y  d i f -  
fuse  d i s t r ibu t ion .  

S u p r a s e g m e n t a l  r e s p o n s e s  a r i s i n g  f r o m  the d i f fe ren t  s t r u c t u r e s  va r i ed  in th reshold ,  magni tude ,  and 
deve lopmen t  with t ime .  

Fac i l i t a t ion  f r o m  the r u b r o -  and vcs t ibu losp ina l  t r a c t s ,  the ve s t i bu l a r  complex ,  and g igantoce l lu lar  
nucleus  developed as  an immed ia t e  r e s p o n s e  to s t imula t ion  even  of low intensi ty .  Faci l i ta t ion f r o m  the 
p a r v o c e l l u l a r  and ven t ra l  nuclei  appea red  in r e s p o n s e  to s t imu la t ion  of lower  intznsi ty  and was l e s s  m a r k e d .  

D e p a r t m e n t  of P h a r m a c o l o g y ,  I. P.  Pavlov  F i r s t  Len ingrad  Medical  Insti tute (Presen ted  by Act ive  
M e m b e r  of the A c a d e m y  of Medical  Sc iences  of the USSR D. A. Bi ryukov) .  T r a n s l a t e d  f r o m  B)~alleten' 
l~ksper imenta l 'no i  Biologii  i Medi ts iny,  Vol.  65, No. 5, pp.  3 -7 ,  May, 1968. Or ig inal  a r t i c l e  submi t t ed  
Sep tember  30, 1966. 
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TABLE 1. Descending Responses Arising during Stimulation of Various ,,icdulla[) Structures 

I Character of descending response 

Morphological s t ructure 

Ventral nucleus (Rv) 
Parvoeellular (Rpc) 
Paramedian (Pro) 
Gigantocellular 0XGc) 
Rubrospinal tract  (TRS) 
Vestibulospinal tract  (TVS) 
Nucleus of trig-eminal nerve (NtspV) 
Predorsal  fasciculus (Fprd) 
Vestibular spinal nucleus (VIIIsp) 
Fasciculus solitarius Oafs) 
Vestibular nucleus of Schwalbe (VI_IIm 
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Fig. 1. Diagram showing localization of stimulation and nature of 
descending responses.  8-13) Diagrams representing frontal sec- 
tions through brain stem; points are  shov~m, stimulation of which 
was accompanied by increased ref lex responses Slack circle),  by 
inhibition {black triangle), by absence of changes (unshaded circle),  
by a mixed effect {black square), and by short- latency facilitation 
(unshaded triangle). Numbers denote ser ia l  numbers of sections 
according to Grant~l 's  atlas [1]. S}xl~bols denoting morphological 
s t ructures  in medulla identical with flmse in Table 1. 

Amplitude of the response reached its maximum at the end of stimulation, and this was followed byan  af ter-  
effect persist ing for between 10 and 30 sec. 

In most cases (42 points) descending facilitation was manifested by an increase in the focal potential 
and monos~maptic spike ('Fig. 2B). Sometimes (12 points) an increase of 3-4 times in the monos}maptic po- 
tential corresponded to a decrease of 1.2-2 times in the amplitude of tile focal potential (Fig. 2C). Less f r e -  
quently (5 points) a small increase in the monos),naptic discharge in the ventral root took place with no 
change in the  focal potential (Fig. 2A). 
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Fig. 2. Different variants of manifestation of 
descending facilitation. A) Facilitation mani- 
fested by increase in monosynapt[c spike only; 
B) facilitation manLfested by an increase in 
monosynaptic spike and focal potential; C) facili- 
tation manifested by increase in monosynapt~c 
spike and decrease  in focal potential. 1) Poten- 
tials of ventral root (top beam) and ventral horn 
(bottom beam) under normal conditions; 2-4) at 
3rd, 7th, and 10th second of suprasegmental 
stimulation; 5) after stinmlation. 
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Fig. 3. Descending Lnfluences of mixed type m~d their 
changes with an increase in intensiLy of suprascgmen- 
tal stimulation. A, C) Responses of mixed type to 
stimulation by a current of 1 V; B, D) responses of 
mixed t:y~pe to stimulation by a current of 5 V. Ordi- 
nate: changes in monos}~aptie spike (top part of 
graph) and focal potent;,al (bottom part of graph) in per- 
cent of normal during suprasegmental stimulation: ini- 
tial value of potentials taken as 100%; abscissa: time 
(in see). 

Depression of the reflex responses during stimulation of the ventral and gigantocetlular nuclei took 
place immediately after stimulation began. The period of after-inhibition was ill defined or absent. Inhibi- 
tion from the parvocellular and ros t ra l  part of the gigantocellular nucleus was maximal when stimulation of 
grea ter  intensity was used a~.d was found at the end of the stimulation which was followed by an inhibitory 
aftereffect .  

Suprasegmental inhibition, like facilitation, was manifested by changes of varied character  in the focal 
and monosynaptic potential. It has been suggested [3] that divergent changes [n these potentials may be a t -  
tributed to diss imilar  changes in the zone of discharging and subthreshold-activated mononeu~'ons associated 
with descending responses of different magnitudes. 

The appearance of mixed responses from the parvocellular m,cleus was evidently due to the fact that 
its activation effect is brought about through inhibitory and facili tatory structures in other brain formations. 
Mixed responses  from the gigantpcellular nucleus probably arose when the electrode was located in the 
boundary region be~.~veen inhibitory and facili tatory s t ructures .  This is confirmed by the fact that when the 
intensity of stimulation was increased, one type of descending response began to predominate (Fig. 3). Mixed 
descending responses have also been described by other authors [9]. 

Descending responses manifested by short- latency (6-9 msec) responses in the ventral horn and ven- 
tral  root  as a rule aPpeared during stimulation (200/sec) of the vestibulo- and rubrospinal t rac ts .  The 
short  latent period between each suprasegmental stimulus and the potentials in the ventral horn and root 
suggests that the descending impulses are  conducted along disynaptic, or even monosynaptic, pathways [5,6]. 
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This type of supraseEnncntal response should evidently bc regarded as a variant of descending facilitation [31. 

Suprasegmental responses of uniform character thus possess several dist[ngmishing features which 
may bedue to differences in the connections between the suprasegmcntal structures and the spinal cord 
neurons. It may be postulated that structures giving rise to well dcfincd responses arising during weak 
stimulation play a fundamental role in regulation of the activity of the segmental apparatus and exert direct 
control over the spinal cord neurons. Structures giving only slight responses and only when strong stimula- 
tion is applied, followed by an aftereffect, evidently play the role of specialized "triggering" devices and 
have no regulatory significance of their own. Descending influences from these structures are probably 
mediated through other elements in the same, or even in different ret icular  formations. 
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