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Supraspinal influences associated with different states of sleep and waking have different 
(during the attention response) and somet imes  even opposite (during "desynchronized" 
sleep) actions on propriospinal  and spine-bulbo-spinal  ref lexes.  

Stimulation of the dorsa l  roots  or per ipheral  nerves  of unanesthetized decerebra te  cats causes a r e -  
flex discharge in the corresponding ventral  roots ,  af ter  the propriospinal  mono-  and polysynaptie reflexes,  
with a much longer latent period [16, 17]. This late d ischarge has been called the spino-bulbo-spinal  (SBS) 
reflex; its center  has been located at the level of the re t icu la r  format ion in the medulla [16]. 

Recent work has shown that the propriospinal  ref lexes va ry  considerably depending on the state of 
sleep or waking of the animal or  man [4, 8, 10, 11, 13, 14]. However, the behavior of SBS reflexes at this 
t ime has not yet been investigated and the present  study was car r ied  out for  this purpose.  

Changes in the SBS reflexes depending on the state of sleep or  waking of the animal were compared 
with changes in the simultaneously recorded  propriospinal  mono-  and polysynaptic ref lexes.  

E X P E R I M E N T A L  METHOD 

Experiments  were car r ied  out on seven unanesthetized and unimmobilized cats.  Elec t rodes  were 
implanted on the sciatic,  common peroneal,  and tibial nerves  of one or both hind limbs 1-2 days before the 
experiments began. Elect rodes  for  recording the EEG, the EMG of the neck muscles ,  and the e leetrooculo-  
g ram were implanted at the same t ime.  The method of implantation of all these e lectrodes  has been de-  
scr ibed previously [13]. Propr iospinal  and SBS reflexes were evoked by stimulating the sciat ic  nerve with 
single or paired square pulses,  0.05-0.1 msec  in duration, applied once every  5 or  10 sec.  The reflexes 
were recorded  by mono-  or biphasic techniques in the common peroneal  nerve  and in the tibial nerve of 
the same or the eon t ra la te ra lh ind  limb. 

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

In the waking cat in a rest ing state, and also in a state of superficial  ("synchronized") sleep, single 
stimulation of a muscu la r  nerve by a current  s trong enough to cause excitation of group II nerve  f ibers  
evoked propriospinal  mono-  and polysynaptic reflexes,  with latent periods of 3.5-4 and 7.5-11 msee  r e spec -  
tively, initially in this nerve immediately after  the artefact ,  and these were followed by a much la ter  d is -  
charge with a latent period of 21-27 msec  (Fig. 1A; Fig. 2A, B). The relat ively low threshold and longlatent 
period of this late discharge,  its appearance not only in the ipsi lateral ,  but also in the contra la tera l  nerves  
(Fig. 1B, C; Fig. 3A, B, D), and, finally, the extremely long r ecove ry  period when paired simuli were used 
(Fig. 1C) - all these features  of the late d ischarge indic-ate that it is an SBS reflex, s imi lar  to that investi-  
gated by other workers  [1, 3, 6, 7, 16, 17]. 
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Fig.  1. Monosynaptic (M), polysynaptic  (P), and spino-  
bulbo-spinal  (S) re f lex  d i scharges  in unanesthet ized 
cats .  A) Reflex d i scharges  in t ibial  ne rve  evoked by 
single s t imuli  applied to ips i l a t e ra l  sc ia t ic  nerve .  Cat 
in a s ta te  of superf ic ia l  ("synchronized")  sleep; B, C) 
another  cat,  waking s ta te  (lying quietly). Reflex d i s -  
charges  in peroneal  ne rve  of left (top beam) and r ight  
(bottom beam) l imbs evoked by single (B) or  pa i red  (C) 
s t imulat ion of left sc ia t ic  nerve .  When the in te rva l  b e -  
tween s t imuli  was 100 m s e c  (C) no SBS re f lexes  ap-  
peared  in r e sponse  to the second s t imulus .  All curves  
of this and l a t e r  f igures  (except curves  C in Fig.  1, where  
one sweep of the beam was recorded)  a re  fo rmed  by supe r -  
posit ion of five r e sponses .  T ime  cal ibrat ion:  A) 10 msec ;  
B) 20 msec ;  C) 40 m s e c .  Voltage ca l ibra t ion 100 #V. 

A B C 

M~' s 

D E 

Fig.  2. Inhibition of SBS re f lexes  during a t ten-  
t ion response .  A, B, C) Same cat as in Fig .  1A. 
Reflex d i scharges  in t ibial  ne rve  evoked by 
single s t imulat ion of iPs i la te ra l  sc ia t ic  nerve .  
Cat  in waking state,  l ies  quietly (A), in a s ta te  
of "synchronized" s leep (B), and during a t ten-  
tion r e sponse  evoked by gentle tapping on the 
table  (C). D,E) Another cat.  Reflex d i scharges  
in common peroneal  ne rve  (top beam) and in 
t ibial  ne rve  (bottom beam) evoked by single 
s t imulat ion of ips i l a te ra l  sc ia t ic  nerve .  Cat 
in waking state: D) lying quietly; E) walking 
about the room.  T ime  cal ibra t ion 10 m s e c .  
Voltage cal ibrat ion:  100 pV for  A, B, C; 150 
~V for  E.  Remainder  of legend as in Fig.  1. 

In acute exper iments ,  SBS re f lexes  can usually 
be r eco rded  only in ne rves  innervat ing the f lexors  [3, 
17]. In the p resen t  exper iments ,  however ,  SBS r e -  
f lexes were  found sufficiently c l ea r ly  not only in 
ne rves  supplying the f lexors  (Fig. 1B, C; Fig.  2D; 
Fig.  3A, B, D) but a lso  in ne rves  to the ex tensors  
(Fig. 1A; Fig.  2A, B, D). This d i f ference  between 
the r e su l t s  is evidently due to the fact  that in acute 
exper imen t s  SBS re f l exes  a r e  usual ly r eco rded  in 
an imals  with an exposed spinal  cord.  Laminec tomy,  
as has recen t ly  been shown [7], a lmos t  comple te ly  
inhibits SBS re f lexes  in ex tensors ,  so that they p e r -  
s i s t  only in f lexors .  

SBS re f lexes ,  like p ropr iosp ina l  mono-  and poly-  
synaptic re f lexes ,  were  mos t  m a r k e d  in cats  lying 
quietly, e i ther  in a waking s ta te  (Fig. ]B, C; Fig.  2A, 
D) or  in a s ta te  of super f ic ia l  ("synchronized")  s leep 
(Fig. 1A; Fig. 2B; Fig.  3A). Against  th is .background 
any s t imulus a t t rac t ing the an ima l ' s  attention, such as 
gentle tapping on the table ,  approaching the cat by the 
expe r imen te r ,  tac t i le  or,  in pa r t i cu la r ,  nocicept ive 
s t imulat ion of any pa r t  of the body sur face  led to 
s t rong inhibition of the SBS re f lexes  (Fig. 2C). SBS 
re f l exes  were  also inhibited "spontaneously,"  when 
the animal  began, for  example ,  to wash i tself  or  to 
walk about the room (Fig. 2E). The propr iosp ina l  
mono-  and polysynapt ic  re f lexes ,  on the other  hand, 
were  not apprec iab ly  changed during the attention r e s -  
ponse (Fig. 2C, E). 
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Changes in p ropr iosp ina l  and SBS 
re f lexes  during ~desynchronized" s leep.  
Reflex d i scharges  in peronea l  nerve  of left 
(top beam) and right (bottom beam) l imb 
evoked by single s t imulat ion of left sc ia t ic  
nerve .  Cat in a s ta te  of " synchron ized '  (A) 
and "desynchron ized '  (B, C, D) s leep.  Re -  
mainder  of legend as in Fig.  1. 

If the animal  r emained  quite, the phase  of "syn-  
chronized" s leep was frequent ly  followed by a phase  of 
deeper  s leep,  cha rac t e r i zed  by desynchronizat ion of the 
EEG, lowering of the tone of the ske le ta l  musc le s ,  and 
rapid movemen t s  of the eyes  [5, 12]. During this per iod 
t h e  p ropr iosp ina l  re f lexes  were  always s t rongly inhibited, 
notably the polysynapt ic  d i scharges ,  which f requent ly  d i s -  
appeared  comple te ly  (Fig. 3B, C, D), in ag reemen t  with 
observa t ions  made  by o ther  worke r s  [4, 8, 10, 13, 14]. 
The SBS re f lexes  also were  s t rongly  inhibited as a rule  
(Fig. 3B) and some t imes  they actual ly d i sappeared  com-  
pletely (Fig. 3C). However,  in some cases  during the de-  
synchronized phase  of sleep,  ve ry  s t rong inhibition of the 
p ropr iosp ina l  re f lexes  was not accompanied by a p e r c e p -  
t ible inhibition of the SBS re f lexes  (Fig. 3D). The d i f fe r -  
ence in the degree  of inhibition of the SBS re f lexes  was 
not connected with the p r e sence  or absence  of rapid eye 
movemen t s  at this t ime.  

Hence,  ne i ther  in the p resen t  exper iments  nor  in 
those  of other worke r s  [4] did the attention r e sponse  have 
any marked  effect  on the propr iosp ina l  mono-  and poly-  

synaptic re f lexes .  The SBS re f lexes ,  on the other  hand, a re  inhibited ex t r eme ly  strongly.  Since SBS r e -  
f lexes share  the s ame  p r i m a r y  af ferent  f ibe rs  and motoneurons  as the p ropr iosp ina l  polysynaptic  re f lexes  
[1, 6], it is unlikely that  inhibition of the SBS re f lexes  was due to a dec r ea se  in the ef fec t iveness  of the 
synaptic action of these  af ferent  f ibe r s  or  with a dec r ea se  in the exci tabi l i ty  of the motoneurons .  The pos-  
s ibi l i ty  is not ruled out that the SBS re f l exes  a r e  d e p r e s s e d  as the resu l t  of inhibition of synaptic t r a n s -  
m i s s ion  at the spinal  r e l ays  of the ascending or  descending pathway of this ref lex.  However,  a m o r e  l ikely 
explanation is that it is due to depress ion  of conduction through the bulbar  center  of the SPS reflex.  One 
of the causes  of this inhibition could be that the attention r e sponse  inhibits the cor t icofugal  ref lex  which 
fac i l i ta tes  SBS re f l exes  at the bulbar  or  spinal  level  [2]. 

The strong tonic inhibition of both propriospinal and SBS reflexes during deep ("desynchronized") 
sleep can be attributed to the fact that during this phase of sleep the motoneurons [9, 15] and, evidently, the 
interneurons [14] of the spina ! cord are exposed to tonic postsynaptic inhibition. On the other hand, cases 
in which inhibition of the propriospinal reflexes was not accompanied by marked inhibition of the SBS re- 
flexes evidently indicate that, simultaneously with inhibition of the motoneurons and interneurons of the 
spinal cord, facilitation of conduction through the other relays of the SBS reflex takes place. Exactly where 
this facilitation takes place to compensate for the effect of the inhibition is not yet certain. 
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