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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. 

1 10 RUDOMIN and H. DUTTON, Nature 216, 292 (1967). 
2 M. Ku~o, 3- Physiol. 175, 100 (1964). 
3 p. D. WALL, in Physiology o] Spinal Neurons (Ed. J. C. ECCLES 

and J. P. SCHADE; Elsevier, Amsterdam 1964), p. 92. 
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Results .  A c o n s t a n t  s t i m u l a t i n g  p u l s e  ( 0 . 0 1 - 0 . 1  m s e c ,  
1 - 1 5  V) w a s  a p p l i e d  t h r o u g h  a t u n g s t e n  m i c r o e l e c t r o d e  
p l a c e d  w i t h i n  t h e  G L  or  G M  m o t o r  n u c l e u s  4. T h i s  p r o -  
d u c e d  2 d i s t i n c t  r e s p o n s e s  in  t h e  $1 a n d  L 7  v e n t r a l  r o o t s .  
T h e  e a r l y  r e s p o n s e  ( l abe l l ed  M D  in  F i g u r e  1A) a r i s e s  f r o m  
d i r e c t  a c t i v a t i o n  of  t h e  m o t o n e u r o n e s  o r  t h e i r  a x o n s  a n d  
t h e  d e l a y e d  r e s p o n s e  f r o m  t h e i r  m o n o s y n a p t i c  a c t i v a -  
t i o n  ~. T h e  I a  f i b r e s  t e r m i n a t i n g  o n  G L  a n d  G M  m o t o -  
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Fig. 1. (A) $1 ventral  root (upper traces) and GL antidromie re- 
sponses (lower traces) produced by single shock st imulation (0.1 
msec, 10 V) of the GL motor nucleus. (B), (C) and (D) show, from 
above downwards, the conditioning afferent volley recorded from the 
dorsal root entry zone, MD responses and their corresponding areas 
and GL responses with their areas. Rows (E) and iF) show, from 
above downwards, successive areas of MD responses and their base- 
line, areas of GL responses and corresponding baseline. Test s t imulus 
strength was of 4 V in (B), (C) and iF) and of 4.2 V in (D) and iE). 
In (C) and (F) 3 shocks 1.5 T to PL-FDHL preceded the test s t imulus 
by 35 msee. The GL fibres activated in (D) had a threshold ranging 
between 1.0 and 1.12 T. Maximal activation of group I fibres was 
achieved with stimuli 2.1 T. For a series of 355 successive responses, 
partly il lustrated in row {E), the mean and standard deviation of the 
MD and GL responses were 24.25 ± 0.89 and 49.10 ± 5.47 respec- 
tively. Similarly, for a run  of 444 conditioned responses (row F) the 
MD and GL responses gave 21.04 4- 0.89 and 46.48 ± 2.40. Tem- 
perature of exposed cord, 37 °C. 

n e u r o n e s  a r e  a l so  s t i m u l a t e d  a n d  t h e i r  a n t i d r o m i c  re -  
s p o n s e s  c a n  be  r e c o r d e d  f r o m  t h e  p e r i p h e r a l  n e r v e s  ~ 
( G L  in  F i g u r e  1A).  

S u c c e s s i v e  M D  r e s p o n s e s  e v o k e d  b y  p u l s e s  o f  c o n s t a n t  
s t r e n g t h  w e r e  r e m a r k a b l y  c o n s t a n t  w h i l e  t h e  a n t i d r o m i c  
G L  r e s p o n s e s  s h o w e d  c o n s i d e r a b l e  f l u c t u a t i o n s  ( F i g u r e s  
1B,  D a n d  E) .  T h e  r a p i d  f l u c t u a t i o n s  o f  a n t i d r o m i c  
r e s p o n s e s  o f  I a  f i b r e s  do  n o t  s e e m  to  r e s u l t  f r o m  v a r i a t i o n s  
in  t h e  s t i m u l a t i n g  p u l s e s .  T h e  s t i m u l a t i n g  c u r r e n t  w a s  
f a i r l y  c o n s t a n t  ( 4 - 3 - 5 %  c h a n g e  i n  10 rain)  a n d  i t s  
c o r r e l a t i o n  w i t h  t h e  a n t i d r o m i c  r e s p o n s e s  w a s  low (0 .009 
u p  t o  0.152).  

T h e  b e h a v i o u r  of  t h e  M D  a n d  G L  r e s p o n s e s  e l i c i t ed  b y  
g r a d e d  s t i m u l a t i o n  r e s e m b l e s  t h a t  o f  t h e  m o n o s y n a p t i c  
r e f l e x L  A s  t h e  m e a n  r e s p o n s e s  i n c r e a s e d ,  t h e  v a r i a n c e  o f  
t h e  M D  ( F i g u r e  2A, o p e n  t r i a n g l e s )  a n d  o f  t h e  a n t i d r o m i c  
G L  r e s p o n s e s  ( F i g u r e  2B,  o p e n  circles)  i n c r e a s e d  u p  t o  a 
m a x i m u m  a n d  t h e n  d e c l i n e d .  T h e  v a r i a t i o n  c o e f f i c i e n t  
( s t a n d a r d  d e v i a t i o n / m e a n  r e s p o n s e )  of  t h e  M D  r e s p o n s e s  
w a s  s m a l l e r  t h a n  t h a t  of  t h e  G L  r e s p o n s e s  t h r o u g h o u t  t h e  
w h o l e  r a n g e  e x p l o r e d  ( F i g u r e  2D) .  

S t i m u l a t i o n  of  g r o u p  I a f f e r e n t s  of  F L - F D H L  i n c r e a s e d  
t h e  G L  a n t i d r o m i c  r e s p o n s e s  ( F i g u r e s  1C a n d  2C, c i rc les ) .  
I t  is g e n e r a l l y  a c c e p t e d  t h a t  t h i s  e f f e c t  r e s u l t s  f r o m  P A D  6 
T h e  e x c i t a b i l i t y  i n c r e a s e  w a s  1 1 4 . 2 % ,  m e a s u r e d  a s  t h e  
r a t i o  of  n o n - c o n d i t i o n e d  ( F i g u r e  1D) to  c o n d i t i o n e d  t e s t  
s t i m u l u s  s t r e n g t h s  ( F i g u r e  1C) n e c e s s a r y  to  p r o d u c e  t h e  
s a m e  a n t i d r o m i e  r e s p o n s e .  A l t h o u g h  t h e  m e a n  r e s p o n s e s  
w e r e  t h e  s a m e  in  b o t h  c a s e s  ( w i t h i n  9 % ) ,  f l u c t u a t i o n s  o f  
t h e  G L  r e s p o n s e s  w e r e  s t r i k i n g l y  r e d u c e d  b y  t h e  c o n d i -  
t i o n i n g  a f f e r e n t  v o l l e y  ( F i g u r e s  1C a n d  F).  T h e  v a r i a t i o n  
c o e f f i c i e n t  w a s  r e d u c e d  f r o m  0.111 to  0 .051.  T h i s  e f f ec t  

4 j .  C. ECCLES, P. FATT, S. LANDGREIq and G. J. WINSBURY, 
J. Physiol. 125, 590 (1954). 

5 B. RE>~SHAW, J. Neurophysiol. 3, 373 (1940). 
6 j .  C. ECCLES, in Physiology o/Spinal Neurons (Ed. J. C. ECCLES 

and J. P. SCHAnE; Elsevier, Amsterdam 1964), p. 65. 
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Fig. 2. (A) and (B) Variance vs. mean area curves for 
the MD (triangles) and GL responses (circles) produced 
by stimuli of increasing strengths applied to the GL motor 
nucleus. (C) Mean area vs. test s t imulus s trength and (D) 
variation coefficient vs. mean area curves constructed 
from the data shown in (A) and (B). Each point is the 
average of the raw data obtained by point-plotting the 
computed values every 7.5 see during 5 min at a fixed 
st imulus strength.  Open symbols, control measurements .  
Closed symbols, during application of 3 shocks at 300/see 
1.5 T to PL/FDHL,  35 msee before test  stimulus. Control 
and conditioned points were obtained alternately. The 
vertical bars in (A) and (B) give 2 s tandard  deviations of 
the raw data. Temperature of the exposed cord, 36.5-37 °C. 
U, arbitrary area units for the mean;  U *, corresponding 
units for variance. 
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was observed th roughou t  mos t  of the  explored range of re- 
sponses (Figures 2B and D). The  t ime  course of var iab i l i ty  
reduc t ion  resembled t h a t  of the  exc i tab i l i ty  increase of Ia  
afferent  terminals~:  onset  4-10 msec, peak  30-40 msec 
and gradual  decay  up to 100 msec. Var iab i l i ty  reduc t ion  
was also induced by  s t imula t ion  of t he  P nerve  (with 
s t imulus  s t rengths  1.2-2 T, i.e. t imes  threshold of the  
mos t  exc i tab le  fibres in the  nerve).  

W i t h  s t imulus  s t rengths  to  P L - F D H L  smal ler  t h a n  
1.5 T there  was faci l i ta t ion of the  MD responses. Onse t  
was abou t  5 msec, peak  a t  10 msec and gradual  decay  up 
to  30-40 msec af ter  the  condi t ion ing  st imulus.  W i t h  
grea ter  condi t ioning s t imulus  s t rengths  ear ly  depression 
(between 2-5 msec) and fac i l i ta t ion  las t ing up  to  100 msec 
were f requen t ly  observed.  I n  the  condi t ions  under  which 
Figures  1 and 2 were obtained,  the  condi t ioning vol ley  
had  a negligible effect on the  mean  MD responses (Fig- 
ures 1B, C and 2C). The  var iance  (Figure 2A) and var ia-  
t ion coefficient  curves  (Figure 2D) also remained  un- 
affected. 

KATZ and THaSLEFF 7 have  shown t h a t  the  inpu t  re- 
sistance of muscle fibres is inversely  re la ted to  the i r  
d iameter .  This  s i tua t ion  seems to hold also for afferent  
fibres and nlo toneurones  s. Since presynapt ie  te rminals  
are p resumably  smaller  t han  motoneurones ,  one would  
expec t  f luc tuat ions  of m e m b r a n e  po ten t ia l  to  be grea ter  
in the  former.  However ,  f luc tua t ions  of individual  ele- 
ments  are  only  ref lected in popula t ion  responses if the i r  
corre la t ion is h igh 9. I t  is therefore  suggested t h a t  the  
in terneurones  ending on the  Ia  af ferent  t e rmina ls  ~ are  
h ighly  corre la ted  in their  spontaneous  act iv i t ies  and  are, 
p resumably ,  t he  main  source of va r i ab i l i ty  of the  mono-  
synap t ic  reflex. R e d u c t i o n  of exc i tab i l i ty  f luc tua t ions  of 
I a  t e rmina ls  by  afferent  vol leys  could be exp la ined :  
(a) Dur ing  the  P A D  produced  by  the  condi t ioning afferent  

vol leys  the  conduc tance  of the  Ia  afferent  te rminals  is 
p robab ly  increased% This  would  reduce thei r  i npu t  re- 
sistance and also the  m e m b r a n e  po ten t ia l  f luctuat ions.  
(b) The  long las t ing depression t h a t  follows ac t iva t ion  of 
the  pa ths  leading to P A D  6 would  t empora r i ly  exclude 
t h e m  as var iab i l i ty  sources. E x p e r i m e n t s  are  now in 
progress to eva lua t e  the  2 possibilities. 

Rdsumd. Sur la pr6para t ion  de c h a t  spinal algae,  Ies 
r6ponses an t id romiques  des fibres aff6rentes I a  darts un  
noyean  de motoneurones  montren ' t  des f luc tua t ions  con- 
sid6rabIes r6duites pa r  des vol6es aff4rentes qu i  pro-  
v o q u e n t  une d6polar isat ion des aff6rences primaires.  Les 
r6ponses provoqu6es  par  ac t iva t ion  directe des moto -  
neurones  sont  tr4s stables,  e t  Ieurs f luc tua t ions  non 
affect6es par  la  s t imula t ion  aff6rente.  Ces faits  sugg6rent  
que  la variabi l i t6  du r6flexe m o n o s y n a p t i q u e  est  princi-  
pa lement  due aux f luc tuat ions  du po ten t ie l  de m e m b r a n e  
des par t ies  t e rmina les  des fibres aff6rentes Is .  

P. RUDO/~IIN and H. DUTTON 

Departments o[ Physiology and Electrical Engineering, 
Centro de Investigacidn y de Estudios A vanzados del 
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B. KATZ and S. TH~SLEFF, J. Physiol. 737, 397 (1956). 
a E. HENNESIA~, G. SO~J~N and D. O. CARPENTER, J. Neuro- 

physiol. 27, 560 (1965). - D. O. CARPENTER and E. HENNEMAN, 
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Decreased Thyroid Radioiodine Uptake after Diazoxide in Rats 

Diazoxide  (7-chloro-3-methyl - l ,2 ,4-benzoth iad iaz ine ,  
1, 1-dioxide) is a compound  chemical ly  re la ted  to thiazide 
diuretics.  The  change in the  chemica l  s t ructure,  ma in ly  
the  absence of the  free su l famyl  group, resul ts  in consider-  
ab ly  di f ferent  biological effects:  a h igh and rapid  hypo-  
tensive  act ion wi th  a decrease of to ta l  per ipheral  vascular  
resistance,  a reversa l  of the  saluret ic act ion of chloro- 
th iaz ide  in Na- re ten t ion  and an increased diabetogenic  
effect. I n  this paper,  the  inh ib i to ry  influence of d iazoxide  
on the  up take  of radioiodine  1~1I in the  thyro id  gland of 
ra t s  is repor ted.  

iVIethod. The  radioiodine 181I (in the  form of KI)  in a 
dose of 0.2 #Ci in 1 ml  of physiological  saline is in jec ted  
i.p. to  male  \Vistar  ra ts  weighing 220-260 g and fed 
s t andard  l abo ra to ry  d ie t  (Larsen). F o u r  h a f te r  applica-  
t ion of t he  radioisotope,  the  animals  are  sacrificed by  
coal-gas. I m m e d i a t e l y  af ter  killing, the  thy ro id  glands 
are  t aken  out,  weighed on the  torsion balance,  p u t  in the  
tes t  tubes  wi th  10% N a O H  solut ion and homogenized  
by  boiling. The  r ad ioac t iv i t y  of these  prepara t ions  is 
measured  in the  wel l - type  sc int i l la t ion counte r  Tesla. One 
t e n t h  of the  dose of radio iodine  is measured  likewise as a 
s tandard .  The  results  are expressed in % of the  dose of 
t he  isotope in 1 mg  of the  thyroid .  F i v e  mg  of diazoxide 
(Hyper s t a t  Schering) in the  original  solut ion are  in jec ted  
in the  tai l  vein  of the  r a t  jus t  pr ior  to the  appl ica t ion  of 

the  radioiodine.  (We are gra teful  to Scher ing Comp.,  
Bloomfield,  New Je rsey  for k indly  supply ing  the  diaz- 
oxide.) 

Results. The  resul ts  are presented  in the  Table .  In  t he  
control  group of ra ts  the  average  up take  of radioiodine is 
0.65% of the  dose in 1 mg  of tissue, in 14 rats  af ter  the  
appl icat ion of diazoxide only 0.490/0 . The  var iance  of b o t h  
groups of the  values  is not  s ta t i s t ica l ly  di f ferent  as evalu-  
a ted  by  the  F tes t  (p > 0.05). The  compar ison  of the  
m e a n  values  of bo th  groups by  the  t tes t  shows a s tat is t ic-  
a l ly s ignif icant  difference (p < 0.01). In  a control  experi-  
ment ,  we were unable  to p rove  any  decrease of the  radio-  
iodine up t ake  af ter  i.v. in jec t ion  of i ml  of physiological  

The effect of diazoxide on thyroid radioiodine uptake in rats 

Group No. of rats lalI-uptake %d]mg 
(mean ± S.E.M.) 

Controls 11 0.65 -4- 0.04 

Diazoxide 14 0.49 z~ 0.04 
(p < 0.01) 


