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Motor effects evoked by stimulation of the red  nucleus through implanted electrodes  were  
studied in six cats with unres t r i c ted  behavior .  A single stimulus applied to the red  nucleus 
evoked local contraction of the flexor muscles  of the contra la tera l  limb. Two subcort ical  
stimuli applied to the red  nucleus at an interval  of 5-40 msec evoked a summation effect, 
expressed  as a motor  response of the corresponding limb. Depending on the location of 
the electrode,  local contract ions of the forel imb or of the hind limb only could be evoked. 
If two subthreshold st imuli  were applied simultaneously to the opposite nuclei,  a summa-  
tion effect was evoked but only if homologous a reas  of the nuclei were stimulated; this r e -  
sult is evidence of a somatotopic organization of rubrospinal  project ions.  Repetitive s t imu-  
lation lasting not more  than 1 sec did not evoke a response of attention to the flexing limb. 

The rubrospinal  sys tem plays an important  role  in the mechanisms of coordinated motor  activity. 
Electrophysiological  methods have been used to study the influence of the red nucleus on spinal moto-  
neuronal activity [2-4, 6, 7, 9, 10, 17]. 

The influence of the red nucleus on combined motor  responses  and on the animal ' s  behavior has r e -  
ceived much less study. Data on this problem in the l i terature  are contradictory.  Someworkers  [9] have ob- 
served local limb movements  in response to stimulation of the red nucleus in the cat without any change in 
behavior;  others [5] observed only shaking movements  of the animal in response to stimulation of the red 
nucleus.  Meanwhile Delgado [8] descr ibes  complex behavioral  acts evoked by stimulation of this s t ruc ture  
in monkeys.  

The object of the investigation descr ibed below was to study motor  responses  in cats to stimulation 
of the red nucleus and with no res t r ic t ion  on behavior.  

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

Chronic experiments  were ca r r i ed  out on six cats with bipolar electrodes implanted into the red 
nucleus.  In four animals the e lectrodes  were inser ted bi lateral ly,  so that the number of observations on 
responses  to stimulation of the red  nucleus could be increased and the charac te r  of interaction between the 
two s t ruc tures  could be investigated. 

Single pulses of cur ren t  (0.5-1 mA, 1 msec ) or a ser ies  of pulses of the same duration with a f r e -  
quency of 200 Hz, applied for 10-100 msec were used for stimulation. Besides visual observations and 
motion pictures ,  mechanographic recordings  of the movements were produced. The animal ' s  position dur -  
ing recording was not r e s t r i c t ed .  After  the end of the experiments the location of the electrodes was ve r i -  
fied histologically.  The experimental  technique was descr ibed in detail previously [1]. 
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Fig.  1. Mechanogram of fo re l imb during 
summat ion  of two subthreshold  s t imuli  
applied to the red  nucleus .  Top curve ,  
single subthreshold s t imulus .  Numbers  
on left denote in te rva l  between st imuli  
(in msec) .  
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Fig.  2. Effect  of summat ion  during s imul -  
taneous subthreshold s t imulat ion of hom-  
ologous points of the two red  nuclei:  a) 
evoked potential  in r ight  nucleus in r e -  
sponse to s t imulat ion of left  (calibration: 
5 msec ,  250 ~V); b,c) m e c h a n o g r a m s  of 
r ight  and left fo re l imbs  r e spec t ive ly  in r e -  
sponse to application of subthreshold 
s t imul i  at different  t i m es ;  d,e) mechano-  
g r a m s  of fo re l imbs  during s imultaneous 
s t imulat ion of both nucle i .  

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

In response  to application of a single s t imulus to the 
red  nucleus a weak contract ion of one or s eve ra l  f lexor 
musc les  took place.  These  r e sponses  developed on the co n t r a -  
l a te ra l  side only. Extension of con t r a l a t e ra l  or  ips i l a te ra l  
l imbs  was not observed  in any of these  an imals .  This fact 
conf i rms  data in the l i t e ra tu re  on the production of EPSPs  in 
f lexor  motoneurons  and IPSPs  in ex tensor  motoneurons  of the 
coff t ra la tera l  side in r e sponse  to s t imulat ion of the r u b r o -  
spinal  sy s t em [2, 6, 18]. Repet i t ive  s t imulat ion of the red  
nucleus evoked much s t ronge r  moto r  r e sponses .  The s t rength  
of contract ion of musc l e s  hi ther to responding to single s t imul i  
was increased  and other  f lexor  musc l e s  of that same l imb be-  
came  par t ic ipants  in the r e sponse .  For  example ,  if a single 
s t imulus evoked flexion of the hand only, the m o r e  p rox imal  
port ions became  evolved in the r e sponse  to repe t i t ive  s t imu la -  
tion, including musc l e s  of the shoulder  g i rd le .  Repet i t ive 
s t imulat ion evoked extension of both fo re l imbs  in one animal,  
accompanied  by liftIng of the head and an te r io r  par t s  of the 
t runk,  i .e . ,  a r esponse  ve ry  s i m i l a r  to that descr ibed  by Jung 
and H a s s l e r  [11] to s t imulat ion of the red  nucleus took place.  
However ,  as the his tological  control  showed, the s t imulat ing 
e lec t rode  in this animal  was in the r e t i cu la r  format ion  close 
to the red  nucleus.  It was the re fo re  excluded f rom the g e n e r -  
al observa t ions .  

Despite  the fact  that repe t i t ive  s t imulat ion evoked wel l -  
marked  motor  effects ,  as a rule  the exper imenta l  animals  paid 
no attention to the flexing limb, and af ter  the end of s t imu la -  
tion they r e sumed  the i r  or iginal  pose .  

Stronger  mo to r  r e sponses  were  obse rved  to the f i r s t  
few s t imul i ,  and s o m e t i m e s  they were  m o r e  genera l ized  in 
c h a r a c t e r .  Despite this ,  however ,  the shaking of the animal  
was not so we l l -marked  in r e sponse  to s t imulat ion of the red  
nucleus as it was to s t imulat ion of the s o m a t o s e n s o r y  a r e a s  
of the cor tex  [1]. If the s t imul i  were  repeated  at a f requency 
of not m o r e  than once every  3-5 sec ,  the movements  g radua l -  
ly became more  local  and they pe r s i s t ed  throughout the ex-  
pe r imen t  if the animal  did not a l te r  i ts  pos ture .  

The thresholds  for evoking moto r  act ivi ty var ied  with 
the position of the an ima l ' s  body. The highest  threshold  was 
observed  when the or iginal  tone of the f lexor  musc les  was 
lowered,  for  example ,  if the cat  was sitt ing in a usual  posit ion,  
suppor ted  on the fo re l imbs .  If two subthreshold s t i m u l i  were  
appl ied ,muscular  cont rac t ions  were  observed  only if the i n t e r -  
val between them did not exceed 40 msec  (Fig. 1). The m a x i -  
mal  summation effect  occur red ,  however ,  if the in terva l  b e -  
tween the subthreshold s t imul i  was 10-20 msec .  

Iso la ted  flexion of a single forel imb or hind l imb in r e sponse  to threshold  st imulat ion could not be ob-  
tained in e v e r y  case .  Neve r the l e s s ,  in two animals  flexion of the con t ra l a t e ra l  fo re l imb only, and in two 
others  local  contract ions  of the musc les  of the hind l imb only were  observed .  In one of the animals  a single 
threshold  s t imulat ion of both the right and the left red  nucleus evoked flexion of the hand on the c o r r e s p o n d -  
ing s ides .  In r e spons e  to application of subthreshold s t imuli  at di f ferent  t imes  no moto r  response  occur red  
(Fig. 2) with e i ther  the r ight  or  the left l imb, and only an evoked focal  potential  developed in one nucleus in 
response  to subthreshold (for muscu la r  contract ion) s t imulat ion of the other  nucleus .  In r e sponse  to s imu l -  
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taneous stimulation of both nuclei a summation phenomenon took place, manifested as flexion of one or the 
other limb. No such summation effect was observed in the other animals in which stimulation of one nucleus 
evoked flexion of the limb while stimulation Of the other nucleus evoked a motor  response of the hind limb. 
These facts are  in good agreement  with the resul ts  of anatomical [14, 17] and physiological [12, 15, 16, 19] 
investigations which showed a somatotopic organization of the rubrospinal  t rac t .  Evoked potentials arising 
in one red nucleus in response to stimulation of the other and with a short  latent period confirm the ana- 
tomical  evidence for the existence of direct  connections between the nuclei [13]. The presence  of these bi-  
lateral  r ub ro - rub ra l  connections suggests that the summation effect observed during subthreshold bi lateral  
stimulation of the nuclei may ar ise  through interaction between afferent and efferent impulses actually in 
these s t ruc tu res .  The possibility of interaction between rubro-fugal  volleys on spinal interneurons likewise 
cannot be ruled out. Afferent impulses t ravel ing along rub ro - rub ra l  connections can evoke focal responses  
to stimulation of the opposite nucleus.  However, activation of the red nucleus by means of an afferent volley 
never  evoked the motor  responses  which appeared to direct  stimulation of that nucleus.  
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