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C y c l i c  V a r i a t i o n  i n  t h e  A m p l i t u d e  o f  a B r a i n  S t e m  R e f l e x  d u r i n g  S l e e p  a n d  W a k e f u l n e s s  

I n  r ecen t  years ,  a t t e n t i o n  ha s  been  d r a w n  to v a r i a t i o n s  
in  t he  a m p l i t u d e  of sp ina l  ref lexes wh ich  occur  d u r i n g  t h e  
d i f f e ren t  s tages  of sleep a n d  wakefu lness  1 e. W e  were  
i n t e r e s t e d  in d e t e r m i n i n g  if s imi la r  v a r i a t i o n s  t a k e  p lace  
in ref lex a c t i v i t y  a t  a b r a i n - s t e m  level.  Fo r  th i s  pu r pose  
we chose  as  a t e s t  ref lex t h e  masse te r i c  m o n o s y n a p t i c  
ref lex  :,s. I t  is ou r  i n t e n t  to  d e t e r m i n e  t h e  f l u c t u a t i o n s  in  
b r a i n - s t e m  ref lex t r a n s m i s s i o n  d u r i n g  va r ious  b e h a v i o r a l  
s t a t e s ;  t h e  in i t i a l  ones  s tud ied  were  sleep a n d  wakefulness .  
A second ob j ec t i ve  of these  s tud ies  arose  as t he  r e su l t  of 
e x p e r i m e n t s  in  acu t e  p r e p a r a t i o n s  in  wh ich  we obse rved  
comple t e  i n h i b i t i o n  of th i s  ref lex a n d  o the r s  fol lowing 
o rb i t a l - co r t i ca l  9-1° or  ba sa l  fo reb ra in  s t i m u l a t i o n L  W e  
are  p r e s e n t l y  i n v e s t i g a t i n g  t h e  b e h a v i o r a l  cond i t ions  
d u r i n g  w h i c h  t h e  o rb i t a l  co r t ex  a n d  basa l  fo reb ra in  m a y  
induce  t h i s  ref lex inh ib i t ion .  O u r  f i rs t  s tep,  however ,  was 
t h e  d o c u m e n t a t i o n  of t he  n o r m a t i v e  v a r i a t i o n s  in the  a m p -  
l i tude  of t he  masse te r i c  m o n o s y n a p t i c  ref lex d u r i n g  sleep 
a n d  w a k i n g  s t a t e s  in u n a n e s t h e t i z e d ,  u n r e s t r a i n e d  cats .  

E a c h  of t h e  8 a d u l t  ca t s  w h i c h  were  s tud ied  was pre-  
p a r e d  in t h e  fol lowing m a n n e r .  W h i l e  t h e  a n i m a l  was  
u n d e r  s o d i u m  m e t h o h e x i t M  (Brevi ta l )  anes thes ia ,  elec- 
t rodes  to  i n d u c e  a n d  record  t h e  ref lex response,  as well as 
o the r s  to  m o n i t o r  t he  E E G ,  eye  m o v e m e n t s ,  a n d  pos te r io r  
neck  muscle  EMG,  were p e r m a n e n t l y  f ixed in place for 
chron ic  r ecord ing  a n d  s t i m u l a t i o n .  A n e s t h e s i a  was t h e n  
d i scon t inued ,  t h e  incis ions  closed, a n d  t he  a n i m a l  a l lowed 
to  recover  for  a pe r iod  of 1 week.  

D a t a  were  col lected whi le  t h e  a n i m a l  was  w i t h i n  a n  
e n v i r o n m e n t a l  c h a m b e r  to  wh ich  he  h a d  been  h a b i t u a t e d  
(see re ference  11 for de ta i l s  of c h a m b e r  a n d  record ing  
a p p a r a t u s ) .  The  l e n g t h  of each  record ing  session was 
a p p r o x i m a t e l y  5 h. D u r i n g  these  sessions a l imina l ly -  
i nduced  ref lex was evoked  c o n t i n u o u s l y  a t  t he  r a t e  of 
2/sec. I n  a d d i t i o n  to  oscil loscopic records  of t h e  ref lex 
po ten t i a l s ,  we were  able  to  ob ta in ,  w i t h  t h e  a id  of a peak-  
r e a d i n g  a m p l i f y i n g  circui t ,  s i m u l t a n e o u s  p o l y g r a p h i c  
records  of t h e  a m p l i t u d e  of t h e  ref lex m o t o r  p o t e n t i a l  
a long  w i t h  t he  a c t i v i t y  of t he  E E G ,  eyes, a n d  neck  
muscles .  Th i s  m e t h o d  of d a t a  col lec t ion a l lowed us to  
co r re l a t e  closely v a r i a t i o n s  in  ref lex a m p l i t u d e  w i t h  t h e  
specific s t a t e  of t he  an imal .  Sleep a n d  wakefu lness  were 
d iv ided  i n to  t h e  fol lowing 4 s t a t e s :  (1) a l e r t ;  (2) d rowsy ;  
(3) q u i e t  s leep;  (4) a c t i v e  sleep (see references  " a n d  1= for  
de ta i l s  of t h i s  c lass i f icat ion) .  

T h e  a m p l i t u d e s  of t h e  ref lex m o t o r  responses  are  
p l o t t e d  in h i s t o g r a p h i c  fo rm in F igu re  1 for  t h e  4 s t a t e s  
of sleep a n d  wakefulness .  D u r i n g  t h e  a l e r t  s t a t e  a large 
n u m b e r  of m o d e r a t e  a n d  h i g h - a m p l i t u d e  ref lex p o t e n t i a l s  
was  o b s e r v e d  (Figure  1A). T he  d rowsy  s t a t e  was  charac-  
te r ized  b y  a decrease  in t h e  f r e q u e n c y  of t h e  h igher -  
a m p l i t u d e  p o t e n t i a l s  (F igure  IB) ,  as  c o m p a r e d  w i t h  t he  
a l e r t  s t a te .  D u r i n g  q u i e t  s leep t h e  m e a n  a m p l i t u d e  of t h e  
ref lex response  decreased  w h e n  c o m p a r e d  w i t h  t h e  d rowsy  
s t a t e  (Figure  1C). A t  t imes  d u r i n g  qu i e t  sleep ref lex re- 
sponses  fai led to  occur  fo l lowing s t i m u l a t i o n  of t he  
mesencepha l i c  nucleus .  These  e v e n t s  are i nd i ca t ed  b y  t he  
f r e q u e n c y  of zero a m p l i t u d e  p o t e n t i a l s  (ar row a t  zero in 
F i g u r e  1). The  m a j o r i t y  of t h e  ref lex responses  was  com- 
p le t e ly  suppres sed  d u r i n g  ac t ive  sleep (F igure  1D). 

A s t a t i s t i ca l  ana lys i s  of t h e  c h a n g e  in m e a n  a m p l i t u d e  
of t h e  ref lex d u r i n g  t he  successive s t a t e s  in t he  sleep 
cycle u t i l ized p l a n n e d  c o m p a r i s o n  t e s t s  based  on  a n  
ana lys i s  of va r i ance .  T he  changes  in s t a t e  - wak ing  com- 
p a r e d  w i t h  drowsy,  d rowsy  w i t h  qu ie t  sleep, a n d  qu ie t  
s leep w i t h  ac t ive  sleep - were  each  m a r k e d  b y  a signifi- 
c a n t  r e d u c t i o n  in  t h e  a m p l i t u d e  of t he  ref lex response  
(p < 0.05). 
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Fig. 1. Frequency histograms of the amplitudes of 80 consecutive 
masseteric reflex responses. These potentials were obtained during 
tile (A) alert, (B) drowsy, (C) quiet sleep, and (D) active sleep states. 
The amplitudes of the motor responses are plotted on an arbitrary 
scale as a function of the frequency of their occurrence. High ampli- 
tude potentials arc reduced and then almost totally abolished as the 
animal progresses from wakefulness, through drowsiness and quiet 
sleep, and into active sleep. 
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Vv'e were  able to  follow the  phenomenon  of comple te  
ref lex suppression which  was observed  dur ing qu ie t  and  
ac t ive  sleep more  closely by  p lo t t ing  the  % occurrence  of 
the reflex, minu te  by  minute ,  dur ing  consecut ive  cycles 
of sleep and wakefulness  (-Figure 2). I n  this aspect  of our  
analysis no marked  var ia t ions  were no ted  dur ing  short  
episodes, of t he  a ler t  or drowsy states.  I n  qu ie t  sleep, 
however ,  and especial ly dur ing  those  episodes which  
t e rm i na t ed  in ac t ive  sleep, a gradual  reduc t ion  in t he  % 
occurrence of the  ref lex response was observed.  As clear ly  
indica ted  in bo th  Figures  1 and  2, there  was a lmos t  
comple te  suppression of the  masseter ic  ref lex dur ing  
ac t ive  sleep. W i t h  supra threshold  s t imul i  dur ing  ac t ive  
sleep, we f requent ly  observed an addi t ional  phasic reduc-  
t ion in the  reflex ampl i tude  concomi t an t  wi th  burs ts  of 
rap id  eye movemen t s .  

I n  summary ,  as an  ini t ial  s tep in the  analysis  of the  
func t iona l  s ignificance of cent ra l  inh ib i tory  sys tems  
dur ing  behav iora l  states,  we inves t iga ted  the  spontaneous  
f luc tua t ions  of a b ra in -s tem reflex dur ing  sleep and wake-  
fulness. W e  observed a gradual ,  b u t  s ta t i s t ica l ly  signifi- 
cant ,  decrease in the  ampl i tude  of t he  reflex response as 
the  an imal  passed f rom the  aler t  s ta te  th rough  the  drowsy 
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Fig. 2. This figure shows the % occurrence of the masseteric reflex 
(B) during consecutive sleep cycles (A). In this analysis the reflex 
responses were counted as either present or absent. Note the gradual 
decrease in the % response during the periods of quiet sleep pre- 
ceding active sleep. 

and  quie t  sleep states ,  and  into  ac t ive  sleep. Dur ing  ac t ive  
sleep the  reflex response was a lmos t  comple te ly  abolished.  
The  studies on spinal reflexes s imilar ly  repor t  reflex de- 
pression dur ing ac t ive  sleep and dur ing burs ts  of rapid  eye 
nmvements ,  b u t  note  only sl ight  or  no change dur ing 
qu ie t  sleep when compared  with  wakefulness ~-8, There  
are a n u m b e r  of possible explana t ions  for this discrep- 
ancy :  (1) the  techniques  of reflex exc i ta t ion  and recording 
h a v e  differed slightly,  (2) in t he  present  s t udy  a t iminat ly-  
induced  tes t  ref lex was used, (3) we analyzed and t rea ted  
s ta t i s t ica l ly  a large popula t ion  of reflex ampli tudes ,  and 
(4) previous  studies on spinal  reflexes did not  di f ferent ia te  
be tween  the  drowsy and quie t  sleep s tates  z3,a4 

Zusammen]assung. In  frei beweglichen Ka tzen  wurden  
Ver~Lnderungen des Reflexes  zum Musculus masseter icus  
w~ihrend des Schlafes und im W a c h z u s t a n d  untersucht .  
E i n e  graduel le  A b n a h m e  der  Ampl i tude  des Ref lexes  
wurde  beobachte t ,  wenn die Tiere  v o m  ~Vachzustand 
fiber eine ,schli ifr ige Phase~ (drowsy state) in die soge- 
nann te  , ruh ige  Schlafphase~ (quiet  sleep) gelangten.  
~V~ihrend des pa radoxa len  Schlafes (active sleep) waren  
die Ampl i tuden  der Ref lexpoten t ia le  hochgradig  herab-  
gesetzt .  
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T h e  Effects  of P r i m a r y  Afferent  D e p o l a r i z a t i o n  o n  

the  M o t o r  N u c l e u s  

We have recent ly  repor ted  1 that stimulation of group I 
muscle and of low-threshold cutaneous afferent~s can 
reduce the fluctuations of successive monosynaptic re- 
flexes elicited by constant afferent volleys. The time 
course of this effect and its sens i t iv i ty  to p ic ro tox in  
suggested t h a t  the  pa ths  leading to p r ima ry  afferent  
depolar iza t ion  (PAD) were invo lved  in va r i ab i l i ty  reduc-  
t ion.  I t  was then  proposed t h a t  va r iab i l i ty  of t he  mono-  
synap t ic  ref lex resul ted  ma in ly  f rom m e m b r a n e  po ten t ia l  
f luc tua t ions  of t he  Ia  afferent  terminals .  This  would  
affect  the  a m o u n t  of t r a n s m i t t e r  subs tance  released b y  
each presynap t ic  knob ~ and /or  the  n u m b e r  of afferent  
te rminals  invaded  by  the  p resynap t ic  impulse ~. To tes t  
this possibi l i ty  fur ther  we s tudied the effects of condi-  
t ioning afferent  vol leys  on the  exc i tab i l i ty  f luc tua t ions  of 
I a  afferent  te rminals  wi th in  the  motoneurona l  nucleus. 

Methods. The  exper iments  were per fo rmed  in 10 cats  
m a d e  spinal  (at the  first  cervical  level) under  e ther  
anaes thes ia  and  wi th  head  c i rcula t ion occluded.  All ani- 

E x c i t a b i l i t y  F l u c t u a t i o n s  of Ia T e r m i n a l s  w i t h i n  

mals  were immobi l ized  wi th  gal lamine  t r ie th iodide  
(Flaxedil)  and ma in ta ined  on art i f icial  respirat ion.  The  
lumbosacra l  spinal  cord was exposed and the  r ight  S1 
and L7 ven t ra l  roots sectioned. The  la tera l  (GL) and 
media l  (GM) gastrocnemius,  as well as the p lantar is  f lexor  
d ig i to rum and hallucis longus ( P L - F D H L )  and c o m m o n  
peroneal  (P) nerves on the  r igh t  side were sect ioned and 
the i r  central  ends prepared  e i ther  for s t imula t ion  or  re- 
cording.  Neura l  responses as welt  as s t imula t ing  cur ren t  
pulses were e lect ronical ly  in tegra ted  and thei r  mean  
areas (A) and corresponding  var iances  (a ~) cont inuous ly  
calculated wi th  an  analogue  compu te r  1. 
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