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Crossed  Ref lex  Ac t io ns  
b y  L o w  T h r e s h o l d  Musc le  Afferents  

A n u m b e r  of crossed  sp ina l  ref lex ac t ions  a re  k n o w n  to 
ex i s t  ~ b u t  t h e r e  h a v e  been  few a t t e m p t s  to  ana lyse  t h e m  
in  t e r m s  of t he  c o n t r i b u t i o n s  f rom va r ious  s o m a t i c  a f f e r en t  
sys tems .  C ros sed  effects  b y  vol leys  in  h i g h  t h r e s h o l d  
musc le  a f fe ren t s  h a v e  been  r e p o r t e d  ~ a n d  PERL h a s  de-  
sc r ibed  c e r t a i n  ac t ions  b y  single vol leys  in  t he  large muscle  
a f f e r en t s  (group I)3. H e  f o u n d  t h a t  a g roup  I vol ley  f rom 
knee  f lexors  or  ex t enso r s  evokes  i n h i b i t i o n  fol lowed b y  
f ac i l i t a t i on  in motoneuro iaes  of c o r r e s p o n d i n g  c o n t r a -  
l a t e ra l  muscles  and,  less cons i s t en t ly ,  a rec iproca l  p a t t e r n  
in m o t o n e u r o n e s  of t h e i r  a n t a g o n i s t s .  Crossed effects  on  
a d e q u a t e  a c t i v a t i o n s  of musc le  r ecep to r s  were  a s s um ed  to  
be  m e d i a t e d  b y  g roup  I a f f e ren t s  4. 

Ca ts  m a d e  sp ina l  b y  h i g h  l u m b a r  sec t ion  a b o u t  two 
weeks  before  t h e  f ina l  e x p e r i m e n t ,  were used in t he  
p r e s e n t  i nves t i ga t i on ,  because  i t  was  found  t h a t  crossed 
ac t ions  f rom low t h r e s h o l d  a f f e r en t s  were  eas ies t  e l ic i ted 
in t he se  p r e p a r a t i o n s .  E v e n  so, single cond i t i on ing  
m a x i m a l  g roup  I vol leys  h a r d l y  ever  inf luenced  con t r a -  
l a t e r a l  m o n o s y n a p t i c  t e s t  ref lexes  (whereas  vol leys  in  
h i g h  t h r e s h o l d  muscle  a f f e ren t s  h a d  p r o n o u n c e d  effects). 
On  t h e  o t h e r  h a n d ,  if a t r a i n  of cond i t i on i ng  vol leys  were 
given,  c o n s i d e r a b l e  c o n t r a l a t e r a l  g roup  I effects  were ob-  
served.  Th i s  is i l l u s t r a t e d  in t h e  F igure  whe re  t he  m o n o -  
s y n a p t i c  t e s t  ref lex  f rom t h e  D P  (deep p e r o n e a l  = tibialis 
anterior + extensor digitorum longus) ne rve  is c o n d i t i o n e d  
b y  a t r a i n  of g roup  I vo l leys  f rom t he  c o n t r a l a t e r a l  
q u a d r i c e p s  nerve .  E a c h  record  cons is t s  of m a n y  ( a b o u t  
150) s u p e r i m p o s e d  t r aces  of m o n o s y n a p t i c  ref lex d i scharges  
s c a t t e r e d  across  t h e  screen,  whi le  t h e  c o n d i t i o n i n g  
s t imu l i  are  g iven  a t  a f ixed i n t e r v a l  a f t e r  t he  sweep s t a r t .  
T h e  u n c o n d i t i o n e d  m o n o s y n a p t i c  t e s t  d i scha rge  is s h o w n  
a lone  in  record  C. A c l ea r cu t  crossed ac t ion  a p p e a r s  
a l r e ady  a t  a s t i m u l u s  s t r e n g t h  of 1.7 t i m e s  t h r e s h o l d  (A) 
a n d  t h e  ac t ion  increases  w h e n  t he  s t i m u l u s  s t r e n g t h  is 
ra ised  to 2.75 t imes  t h r e s h o l d  (B), wh ich  is j u s t  s u b m a x i m a l  
g roup  I. I n  exc i t ab le  p r e p a r a t i o n s ,  i t  was  o f t en  suf f ic ien t  
to  use  two  c o n d i t i o n i n g  vol leys  to  evoke  crossed ac t ions ,  
o the rwise  3 -6  were  needed.  B y  inc reas ing  t he  n u m b e r  of 
c o n d i t i o n i n g  s t imu l i  t h e  ef fec t  increased  m a r k e d l y .  On  
r e p e t i t i v e  s t i m u l a t i o n  a t  c o n s t a n t  s t r e n g t h  t he  successive 
vol leys  g r a d u a l l y  decreased.  W h e n  h i g h  r a n g e  g roup  I 
s t i m u l a t i o n  was used,  m o n o p h a s i e  r ecord ing  of t h e  in-  
coming  vo l ley  f rom d issec ted  dorsa l  r o o t - f i l a m e n t s  was  
o f t en  m a d e  a f t e r w a r d s ;  a n d  i t  was  p r o v e d  t h a t  t he  effects  
obse rved  were evoked  a t  s t i m u l u s  s t r e n g t h s  s u b l i m i n a l  to  
g roup  I I  fibres.  I n  special  con t ro l  e x p e r i m e n t s  i t  was  
e s t ab l i shed  t h a t  a t  f requenc ies  used  t he re  was  no  t e m p o r a l  
s u m m a t i o n  of s u b t h r e s h o l d  s t imul i  in  g roup  I I  fibres, in  
o t h e r  words  a t r a i n  of s t imu l i  d id  n o t  a c t i v a t e  f ibres  n o t  
a c t i v a t e d  b y  t h e  f i r s t  s t imulus .  

I n  t h e  F igu re  i t  s h o u l d  also be  n o t e d  t h a t  a s t i m u l u s  
a c t i v a t i n g  on ly  a b o u t  one  f i f th  of t h e  g roup  I f ibres  was  
suff ic ient  to  evoke  crossed ac t ions  (A). Such  low t h r e s h o l d  
a c t i v a t i o n  was  also f r e q u e n t l y  obse rved  b e t w e e n  ex- 
tensors .  T h e  s t i m u l u s  s t r e n g t h  was  r egu l a r l y  inc reased  
w i t h  fine g r a d a t i o n s  w h i c h  r e su l t ed  mere ly  in a n  increased  
effect.  T h e r e  was  n e v e r  a n y  ev idence  of dua l  crossed 
g roup  I a c t i ons  (cf. F igu re  whe re  records  A a n d  B are  
chosen  f r o m  a series w i t h  inc reas ing  s t i m u l u s  s t r e n g t h ) .  

The  m o s t  s t r i k i n g  a n d  c o n s t a n t  f e a t u r e  of t h e  crossed 
g roup  I p a t t e r n  is t h e  p r o m i n e n t  e x c i t a t o r y  a c t i o n  be-  
tween  ex t enso r s  (quadriceps, gastrocnemius-soleus, plan- 
taris a n d  flexor digitorum longus). There  was n e v e r  a n y  
i n h i b i t o r y  ac t ion  f rom ex t enso r s  to  a n y  c o n t r a l a t e r a l  
ex t enso r  nucleus .  F r o m  f lexors  i nves t iga t ed ,  f ac i l i t a t ion  
was f o u n d  f rom D P  to  c o n t r a l a t e r a l  e x t e n s o r  nuclei ,  whi le  

B S t  (posterior biceps-semitendinosus) se ldom evoked  a n y  
g r o u p  I effect,  b u t  i n h i b i t i o n  was obse rved  once  to  
quadr iceps .  

As r ega rds  t h e  r ecep t iveness  of f lexor  nuclei ,  t h e r e  were  
d i f fe rences  b e t w e e n  B S t  a n d  DP.  G r o u p  I vo l leys  f rom 
e x t e n s o r s  u sua l l y  f ac i l i t a t ed  D P ,  whe rea s  ac t ions  to  B S t  
were  less f r equen t .  B e t w e e n  f lexors  g roup  I, f ac i l i t a t i on  
f rom D P  to  D P  was obse rved  b u t  n e v e r  a n y  effect  f rom 
B S t  to  B S t .  
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Upper records consist of superimposed traces of many monosynaptic 
reflex discharges evoked from the nerve to the deep peroneal muscles 
(tibialis anterior + extensor digitorum longus) and recorded in the 
ventral root. At each sweep the reflex discharge is automatically 
delayed so as to traverse the screen and this procedure is repeated 
4 times. The distribution of reflex discharges is not uniform, the 
density decreases in the end of the record. The unconditioned test 
reflexes are shown in C, and in A and B the actions of a train of 
conditioning volleys from the contralateral quadriccps nerve evoked 
at a stimulus strength of 1.7 respectively 2.75 times threshold for the 
nerve. Lower traces show the conditioning volleys from the quadri- 

ceps nerve recorded in the dorsal root entry zone. 

To summarize. The  use of r epe t i t i ve  s t i m u l a t i o n  ha s  
p r o v e d  v a l u a b l e  for disclosing crossed g roup  I c o n n e c t i o n s  
a n d  a desc r ip t ion  of t h e i r  p a t t e r n  h a s  been  given.  On  t he  
o t h e r  h a n d ,  w i t h  r e p e t i t i v e  s t i m u l a t i o n  i t  is more  d i f f icul t  
to  s e p a r a t e  c o n t r i b u t i o n s  f rom t h e  f a s t  a n d  sl0w com-  
p o n e n t  of t he  g roup  [ vol ley ,  a n d  so fa r  i t  h a s  n o t  been  
possible  to  d i f f e r en t i a t e  conc lus ive ly  b e t w e e n  ac t ions  
evoked  f rom large musc le  sp indle  a f f e ren t s  a n d  Golgi  
t e n d o n  o rgan  af ferents .  

Zusammen/assung. Bei  ch ron i sch  sp ina len  K a t z e n  wurde  
m i t  Hilfe  t e t a n i s c h e r  R e i z u n g  festgestel l t ,  dass  grosse 
a f ferente ,  v o n  M u s k e l n  k o m m e n d e  F a s e r n  gek reuz te  Wir -  
k u n g e n  au f  m o n o s y n a p t i s c h e  Ref lexe  aus i iben .  Die Aus-  
d e h n u n g  de r  E f f ek t e  w i rd  besch r i eben .  
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On the M e c h a n i s m  of Increas ing  
the Tubercu los ta t i c  Act iv i ty  of I son iaz id  
in the Presence  of 4 - A m i n o b e n z o i c  Acid 

W e  h a v e  s h o w n  in p rev ious  c o m m u n i c a t i o n s  1,~ t h a t  
4 -aminobenzo ic  acid (PABA)  inc reased  in vitro t h e  
b a c t e r i o t r o p i c  a c t i v i t y  of i son iaz id  on  M. tuberculosis, 
whereas  2 -aminobenzo ic  acid exe r t ed  a n  e x a c t l y  oppos i t e  
in f luence  a. 
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