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A n t i d r o m i c  Inh ib i t ion  of P r e s u m e d  F u s i m o t o r  N e u r o n e s  by  Repet i t i ve  S t i m u l a t i o n  of the Ventra l  
R o o t  in the D e c e r e b r a t e  C a t  

Inh ib i t i on  of a - m o t o n e u r o n e  d ischarge  by  an t id romic  
s t imu la t ion  ot  v e n t r a l  root  or muscle  ne rve  was f irs t  de- 
scr ibed ,by RENSHAW~,~. The  absence  of a s imilar  inhibi-  
t i on  ac t ing  on fus imo to r  neurones  has  been  no ted  on  
severa l  occasions 3-". However ,  ECCL~S e t  al.5 recorded  a 
small  a m o u n t  of  a n t i d r o m i c  inh ib i t ion  in a soleus mo to -  
neurone  in wh ich  the  axon  h a d  a h igh  th re sho ld  to  exci- 
t a t i o n  a n d  a conduc t ion  veloci ty  of 35 m/sec.  T h e y  con-  
s idered  th i s  a ' doub t fu l  ins t ance  of a y - m o t o n e u r o n e  
receiving r ecu r ren t  inh ib i t ion ' .  

V e r y  r ecen t ly  ELLAWAY 7 found  t h a t  an t i d romic  s t imu-  
la t ion  of t h e  v e n t r a l  roo t  p r o d u c e d  weak  inhib i t ion  in 
6 ou t  of 20 fus imoto r  f ibres  of measu red  conduc t ion  
veloci ty,  i so la ted  f rom muscle  nerve.  Single shocks,  sub-  
th reshold  for t he  fus imoto r  fibre, were  appl ied  to  t h e  
co r respond ing  ven t r a l  root .  The  effect  was seen as a pro-  
longa t ion  of t he  in te rsp ike  in te rva l  i m m e d i a t e l y  following 
the  arr ival  of t he  an t id romic  vol ley a t  the  spinal  cord.  

In  t he  course of e x p e r i m e n t s  u n d e r t a k e n  to  d e t e r m i n e  
the  reflex effects  of v ib r a t i on  of muscle  on the  e f fe ren t  
d ischarge  in v e n t r a l  roo t  f i l aments  8, we were  led to  re- 
examine  the  poss ib i l i ty  t h a t  the re  is an t i d romic  inh ib i t ion  
of fus imoto r  neurones .  Long i tud ina l  sma l l - ampl i tude  vi- 
b r a t i o n  of a muscle  select ively exci tes  t he  p r i m a r y  end ings  
of t he  muscle  spindles  9. V ib ra t ion  of t he  t r iceps  surae  
muscle  in dece reb ra t e  ca ts  was found  to  p roduce  con t r a s t -  
ing effects  on  2 t y p e s  of un i t  r ecorded  in ven t r a l  roo t  
f i laments .  1 t y p e  of un i t  was  exc i ted  to  d ischarge  b y  the  
v ibra t ion .  These  un i t s  h a d  large a m p l i t u d e  spikes  and  
were  n o t  s p o n t a n e o u s l y  act ive,  a l t hough  some of  t h e m  
could be  m a d e  to  d ischarge  by  m a i n t a i n e d  s t r e t c h  of t h e  
muscle .  These  were  p r e s u m e d  to  be a -motoneurones .  The  
o t h e r  t y p e  of un i t  was  spon t aneous ly  ac t ive  a n d  h a d  
smal l  a m p l i t u d e  spikes. None  of these  un i t s  could be  
exc i ted  to  d ischarge  b y  e i ther  s t r e t ch  or  v i b r a t i o n  of t h e  
muscle .  I n d e e d  some of t h e m  were  inh ib i t ed  b y  t h e  
v ibra t ion .  These  un i t s  were  p r e s u m e d  to  be  tu s imo to r  
neurones .  I t  was  found  t h a t  a n t i d r o m i c  s t imula t ion  of 
t he  ven t r a l  roo t  i nh ib i t ed  the  d ischarge  of some of these  
p r e s u m e d  fus imoto r  neurones .  

Materials and methods. The e x p e r i m e n t s  were pe r fo rmed  
on 3 unanaes the t i zed ,  dece reb ra te  cats  in which  the  r igh t  
h ind  l imb was  dene rva t ed ,  excep t  for t he  t r iceps  surae 
(Figure 1). The  t e n d o n s  of th i s  muscle  were a t t a c h e d  to  
an e lec t ro -magne t ic  s t r e t che r  1° b y  which,  in add i t ion  to  
s t r e t ch ing  the  muscle,  longi tudinal ,  sma l l - ampl i tude  vi-  
b ra t ion  could be del ivered  to  t he  musc leL  The dorsal  
roo ts  were  left  i n t a c t  b u t  t h e  L 7 a n d  S 1 v e n t r a l  roo ts  were  
cu t  close to  the i r  ex i t  f rom the  spinal  canal.  A po r t ion  of 
I of  t h e  v e n t r a l  roots  was  spl i t  in to  fine f i l aments  con- 
t a in ing  1-3 s p o n t a n e o us ly  a c t i v e u n i t s ;  t he  remainder ,  
a p p r o x i m a t e l y  2/3 of t he  s ame  root ,  was  p laced  on  s i lver  
wire  e lec t rodes  for s t imula t ion .  The  ampl i f ied  ac t ion  
po ten t i a l s  of t h e  s p o n t aneous ly  d i scharg ing  uni t s  were  
recorded  b y  ex te rna l  e lec t rodes  a n d  led t h r o u g h  a 'w indow  
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Fig. 1. Experimental arrangement. 
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circui t '  which  al lowed select ion of 1 of t h e  spikes. This  
spike t r iggered  a sho r t  pulse  which  was  used to  ac t iva te  
a rec iprocal  pulse  in te rva l  d i sp lay  n .  

Results and discussion. A to ta l  of 17 spon t aneous ly  
ac t ive  un i t s  were  t e s t ed  for t he  effect  of an t id romic  
s t imu la t ion  of t h e  v e n t r a l  root .  The  uni ts  h a d  a spon-  
t aneous  d ischarge  f r equency  of 10-70 imp. / sec ;  t h e y  were  
all se lec ted  for s t u d y  because  t h e y  were  ref lexly inh ib i t ed  
by  v ib ra t ion  of t h e  t r i ceps  surae.  I n  8 of  t he  units ,  
r epe t i t i ve  an t id romic  s t imu la t ion  (30-100/see) of t h e  
cen t ra l  end  of t he  cu t  v e n t r a l  roo t  caused  an  inh ib i t ion  
of  the i r  f ir ing ra te .  The  d rop  in f r equency  ranged  f rom 
5-35 imp./sec.  An  e x a mp l e  of t h e  effect  is shown  in  
F igure  2. The  un i t  was ini t ia l ly d i scharg ing  a t  55/see, b u t  
w i th  t he  onse t  of t he  an t id romic  s t imula t ion  the  fir ing 
ra te  fell to  30/see. On cessa t ion  of s t imu la t i on  t h e  dis- 
charge  r e t u r n e d  a p p r o x i m a t e l y  to  its p rev ious  level. 
F igure  3 shows the  effect  on the  same uni t  of va ry ing  the  
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Fig. 2. Frequency (reciprocal pulse interval) display of the response 
of a unit to antidromie stimulation of the ventral root at 100/see. 
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Fig. 3. The effect of increasing stimulus intensity at 100/see to the 
ventral root upon the discharge of the same unit as shown in Figure 1. 
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s t r e n g t h  of t h e  s t i m u l u s  app l ied  to  t h e  v e n t r a t  root .  As 
t h e  s t i m u l u s  was  inc reased  t h e  i n h i b i t i o n  a p p e a r e d  ab-  
r u p t l y  a t  a p p r o x i m a t e l y  0.1 V, a n d  inc reased  l i t t l e  f u r t h e r  
w i t h  f u r t h e r  increases  in  s t i m u l u s  s t r e n g t h .  T h e  t h r e s h o l d  
of e - m o t o r  f ibres  w i t h  t h e  p r e s e n t  s t i m u l a t i n g  a r r ange -  
m e n t s  is 50-150  m V  ~2 so t h a t  m o s t  if n o t  all  t h e  i n h i b i t i o n  
was  due  to  s t i m u l a t i o n  of ~ - m o t o r  f ibres  r a t h e r  t h a n  of 
f u s i m o t o r  f ibres,  w h i c h  h a v e  a h i g h e r  t h re sho ld .  All  5 
u n i t s  s t ud i ed  w i t h  g r a d e d  s t imu l i  were  i n h i b i t e d  b y  shocks  
a r o u n d  t h e  p r e s u m e d  a - t h r e s h o l d  a n d  no  de f in i t e  ev idence  
was o b t a i n e d  of inc reas ing  i n h i b i t i o n  on  f u r t h e r  inc reas ing  
t he  s t imu lus  in t ens i ty .  However ,  t he  v a r i a b i l i t y  of t h e  
responses  was such  t h a t  a s l ight ,  or  va r iab le ,  s u p e r a d d e d  
i n h i b i t i o n  on  exc i t i ng  f u s i m o t o r  f ibres  ha s  no t  been  ex- 
c luded.  I n  th i s  respect ,  i t  is i n t e r e s t i n g  t h a t  ECCL~S, 
FATT a n d  KOKETSU l:~ fai led to  f ind  a n y  a d d i t i o n a l  effect  
on  I~ENSttAW cells w i t h  s t imu l i  s t r o n g  e n o u g h  to exc i te  
' sma l l  m o t o r  axons ' .  T h u s  i t  m a y  be  conc luded ,  in  agree-  
m e n t  w i t h  ELLAWAY, t h a t  a n t i d r o m i c  i n h i b i t i o n  of fusi- 
m o t o r  n e u r o n e s  m a y  occur  on  occas ion  a n d  t h a t  i t  is 
p r i m a r i l y  due  to  s t i m u l a t i o n  of e - m o t o r  fibres.  

Rdsurnd. O n  a enreg i s t r6  des  d6charges  de 17 f ibres  
fus imot r i ces  d o n t  on  suppose  t ' ex i s t ence  d a n s  les fila- 
m e n t s  de  rac ines  v e n t r a l e s  des  c h a t s  d6c6r6br6s.  8 f ibres  
o n t  6t6 inh ib6es  p a r  s t i m u l a t i o n  r6p6tfie de la po r t i on  
c e n t r a l e  isol6e du  res te  de  la  rac ine  ven t r a l e .  Ces r6su l t a t s  
m o n t r e n t  qu ' i l  ex is te  une  i n h i b i t i o n  a n t i d r o m i q u e  d a n s  les 
n e u r o n e s  fus imoteurs .  
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Swell ing in Tissues of Nephrectomized Rats 

I t  is k n o w n  t h a t  t h e  w a t e r  c o n t e n t  of d i f f e ren t  t i ssues  
becomes  modi f ied  a f t e r  t he  i n h i b i t i o n  of t h e i r  m e t a b o -  
l i sm I, or  w h e n  d i s t u r b e d  b y  d i s t e m p e r  or  t h i r s t  2-4, t h e  
process  b e i n g  p a r t l y  g o v e r n e d  b y  t h e  o smot i c  c o n c e n t r a -  
t i o n  p r e s e n t  in  t h e  ceils in  v i v o  5. I n  a p r e v i o u s  s t u d y  in to  
t h e  e l ec t ro ly te  compos i t i on  of n e p h r e c t o m i z e d  r a t s '  t is-  
sues, we m a d e  some  ca l cu la t ions  o n  cel lular  o s m o l a r i t y  ~. 
I t  a p p e a r e d  t h a t ,  d e p e n d i n g  o n  va r i ous  t i ssues  a n d  
cond i t ions ,  t h e  cel lular  c o n c e n t r a t i o n  of pa r t i c l e s  w i t h  
r e s t r i c t ed  d i f fus ib i l i ty  was  increased .  Accord ing ly  i t  m a y  
b e  e x p e c t e d  t h a t  t h e  w a t e r  c o n t e n t  of ceils shou ld  increase  
if  (1) t h e  a b o v e - m e n t i o n e d  celt o s m o l a r i t y  h a s  a u g m e n t e d  
(as for  e x a m p l e  in case of a h i g h e r  u r e m i c  ca t abo l i sm) ,  
(2) m e m b r a n e  p e r m e a b i l i t y  h a s  n o t  e ssen t i a l ly  a l t e r ed  a n d  
(3) m e t a b o l i s m  h a s  b e e n  inh ib i t ed .  T o  check  t h i s  sugges-  
t i on  we e x a m i n e d  t h e  swel l ing  of musc les  of n e p h r e c t o -  
mized  a n d  con t ro l  ra ts .  

Material and melhod. Af te r  h a v i n g  n e p h r e c t o m i z e d  r a t s  
b i l a t e ra l ly ,  a g r o u p  of t h e m  was  w a t e r  d e p r i v e d  a n d  an-  
o t h e r  g roup  d r a n k  ad  l i b i t um.  Cube suga r  was  offered as 
food. S h a m - o p e r a t e d  a n d  u n t r e a t e d  a n i m a l s  k e p t  u n d e r  
s imi la r  c i r c u m s t a n c e s  se rved  as cont ro ls .  2 -3  days  la ter ,  
us ing  e t h y l  e t h e r  as narco t ic ,  r a t s  were  d e c a p i t a t e d  a n d  
b o t h  t h e  soleus a n d  t he  e x t e n s o r  dig. 1. musc les  were  care-  
ful ly  p r e p a r e d  off t he  bones  a n d  soaked  a t  5 °C for  d i f f e ren t  
pe r iods  in R i n g e r ' s  saline.  I n  t h e  following, a n  a c c o u n t  
will  b e  g iven  on  t he  c h a n g e s  in t h e  w a t e r  c o n t e n t  deduced  
f r o m  t h e  d i f fe rence  of musc le  w e i g h t s  before  a n d  a f t e r  
soaking .  

ResMts and discussion. Af te r  4.5 h soak ing  t he  w e i g h t  
increase  of  M. soleus of  t h e  n e p h r e c t o m i z e d  r a t s  was  
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Fig, 1. Left side, mg muscle weight before soaking. Right side, 
changes of muscle weight in % on soaking. White columns: Muscles 
of sham-operated and untreated rats. Stippled columns : Muscles of 
nephrectomized rats drinking ad libitum, Columns with oblique 
squares: Muscles of thirsting nephrectomized rats, 


