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The tonic f lexor ref lex  to injury of the limb can be evoked in decort icated cats only when the 
animal is in a state of res t .  As soon as the animal s ta r t s  to walk, it cannot maintain flexion; 
the injured l imb is excluded f rom walking and the flexor attitude gives way to extensor .  The 
same resul t  is found in response  to e lectr ical  stimulation of a cutaneous nerve .  The authors 
consider  that descending influences of the central  nervous sys tem evoking locomotion inhibit 
spinal ref lexes f rom cutaneous afferent f ibers  to flexor motoneurons.  

Previous  investigations showed that injury to the limb evokes a tonic flexor reflex,  not only in ani-  
mals  with an intact nervous sys tem,  but also in decort icated and decerebra te  animals [2-4]. Until recent ly ,  
however,  one important  fac tor  was !ost  sight of. Injury to the limb in an animal with an intact nervous sys -  
tem evokes a tonic f lexor reflex which is of equal intensity when the animal is in a state of r e s t  or  is mov-  
ing. As the exper iments  descr ibed below show, such an injury to the limb in decort icated animals  evokes 
a tonic flexor ref lex only if the animal is in a state of res t .  During walking the flexor ref lex is replaced 
by an extensor  reflex.  The same resul t  was obtained in response to e lect r ical  stimulation of the cutaneous 
nerve (sural nerve) of one hind limb. Stimulation evoking a flexor reflex in an animal in a rest ing state 
evoked an extensor  reflex as soon as the animals s tar ted to walk. 

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

Cats were decort icated under e ther  anesthesia.  The carotid a r t e r i e s  were ligated. The dura was 
opened through a bur r -ho le  in the skull and decort icat ion ca r r i ed  out by Khananashvil i 's  method [5]. At 
the end of the operation the administrat ion of e ther  was stopped and the experiment began 2 h la ter .  

The an imal ' s  head and ver tebra l  column were fixed in a s tereotaxic  apparatus.  The main plane of 
the bench was s t r ic t ly  horizontal  so that the head was in a position in which influences f rom the labyrinth 
and neck on the l imb musc les  were minimal.  The animal ' s  lower l imbs res ted  on the belt of a t readmil l ;  
when the belt was set in motion, these prepara t ions  began to pe r fo rm spontaneous locomotion [6]. E lec-  
t r ica l  activity of the hind-l imb muscles  was recorded  by needle e lect rodes .  The l imb was injured by in- 
jection of 1 ml hypertonic sodium chloride solution subcutaneously into the foot. The sural  nerve was ex- 
posed under the tendo Achillis.  

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

In agreement  with the previous experiment,  injection of hypertonic sodium chloride solution sub- 
cutaneously into one hind limb of the decort icated animal in a state of r e s t  evoked a tonic f lexor reflex 
which lasted up to 10-15 min. 

However, as soon as the animal began to walk, it could not maintain a flexor attitude of the limb. Dur-  
ing active locomotion the f lexor attitude was replaced by extensor .  This extensor  attitude was so strongly 
marked that it was difficult to flex the limb passively.  
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Fig. i. Mechanograms and EMG of limb muscles of decorticated cat before (A, B) and after (C, D) subcut- 
aneous injection of hypertonic salt solution into the dorsal surface of the left hind limb: 1,4) EMG of ex- 
tensors (gastrocnemius, vastus lateralis muscles); 2,3) EMG Of flexors (gracilis, biceps femoris posterior 
muscles) ; 5,6) mechanograms of left and right hind limbs. Remainder of explanation in text. Calibration 
500 ~V, time 1 sec. 

Fig. 2. EMG of limb muscles during stepwise increase in strength of stimulation of sural nerve: 1,3) EMG 
of flexor (biceps femoris posterior); 2,4) EMG of extensor (vastus lateralis); 1,2) EMG in animal at rest; 
3,4) EMG in animal during locomotion; 5) marker of stimulation of sural nerve. Frequency of stimulation 
i00 Hz. Remainder of legend in text. Calibration 500 ~V, time 1 sec. 

The resul ts  of one experiment  of this se r ies  are demonstra ted in Fig. 1. When the t readmil l  belt 
was s ta t ionary and the animal in a state of r e s t  (Fig. 1A) the mechanograms  (A:5,6) showed absence of 
limb movements ,  while the e l ec t romyogram (EMG) of the f lexors (A:2,3) and extensors  (A:l,4) recorded  
muscu la r  activi ty which corresponded to that position of the limb. When the t readmil l  belt was set in mo-  
tion and the animal began to walk (Fig. 1B) cyclic movements  of the hind limb were recorded  on t he  mech-  
anograms (B:5,6), with corresponding volley activity in the f lexors  (B:2,3) and extensors  (B:l,4) 'on the 
EMG. The t readmil l  belt was then stopped and the animal was once again in a state of res t  (Fig. 1C). In-  
jection of 1 ml hypertonic sodium chloride solution subcutaneously into the dorsum of the foot evoked a 
f lexor reflex of the limb and corresponding e lec t r ica l  activity in the flexor musc les  (C:2,3), while e lec-  
t r ica l  activity in the extensor  musc les  was absent C : 1,4). The t readmil l  belt was then again set in mo-  
tion (Fig. 1D). Instead of the f lexor reflex, an extensor  reflex developed in the injured limb, with c o r r e s -  
ponding electr ical  activity in the extensors  (D:l,4). No elect r ical  activity was present  in the f lexors .  Cy- 
clic movements  were r ecorded  on the mechanogram of the uninjured limb (D:6). The injured limb did not 
take par t  in the walking movements  (D:5). 

The same pattern was observed in response to e lect r ical  stimulation of a cutaneous (sural) nerve.  
Stimulation which evoked a flexor reflex in an animal at res t  evoked an extensor  reflex in the same animal 
during movement  (Fig. 2). When the animal was at res t  (Fig. 2:1,2) the e lec t r ica l  stimulation of the sural  
nerve (of threshold strength and above, f requency 50-150 Hz) evoked a tonic flexor reflex. Strong e l ec t r i c -  
al activity was recorded  on the e l ee t romyogram of the flexor (Fig. 2:1), but activity was absent in the EMG 
of the extensor .  The t readmil l  belt was then set in motion and the animal began to walk (Fig. 2:3,4). Volley 
activity corresponding to walking was recorded  on the EMG of both flexor and extensor  (initial segments  of 
r eco rds  3 and 4). The sural  nerve was then stimulated,  using stimuli of the same p a r a m e t e r s  as those 
which evoked a f lexor reflex at res t .  When the strength of stimulation was 2-3 thresholds  for the flexor r e -  
flex an extensor  ref lex appeared.  Elect r ica l  activity was recorded  in the extensors ,  but was absent in the 
f lexors  (middle segments  of r eco rds  3 and 4). Only an increase  in the s trength of stimula~tion above four 
thresholds  again evoked a f lexor ref lex in the animal:  e lectr ical  activity was recorded  in the flexor,  no 
activity in the extensor  (final segments  of r eco rds  3 and 4). 

There are repor t s  in the l i terature  of the conditions under which stimulation of cutaneous afferent  
f ibers  can induce a f lexor or  extensor  reflex. 
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According to Sherr ington [7], digital p r e s s u r e  on the s t rongly  flexed l imb of a spinal animal  evokes  
an ex tensor  j e rk  instead of flexion. Ber i tashvi l i  [1] evoked an inc rease  or  dec r ea se  in the tone of the l imb 
m u s c l e s  by turning the head of a d e c e r e b r a t e  animal .  In the p r e s e n c e  of s t rong ex tensor  tone s t imulat ion 
of a s enso ry  n e r v e  induced a f lexor  re f lex ,  while weak st imulat ion induced an ex tensor  ref lex .  B e r i t a s h -  
vil i  explains the r e s u l t s  of these  expe r imen t s  on the bas is  of Yxkuel l ' s  ru le :  cen te r s  of s t re tched  m u s c l e s  
a re  act ivated in r e sponse  to r e f l ex  s t imulat ion.  

The r e sponse  to r e f l ex  s t imulat ion of an afferent  nerve  may  depend on the s t rength  of s t imulat ion.  
Fo r  instance,  weak e l ec t r i ca l  s t imulat ion of the radia l  nerve  evokes  an ex tensor  ref lex ,  but s t ronge r  s t imu-  
lation of the radia l  nerve  leads  to the appearance  of a f lexor  re f lex  [7]. The local izat ion of the s t imulus  is  
also significant.  During s t imulat ion of the skin over  the f lexors  main ly  flexion develops ,  while s t imulat ion 
of the skin over  the ex tenso r s  leads  main ly  to extension [8]. 

P redominance  of the f lexor  or  ex tensor  re f lex  may  also depend on the level  of dece reb ra t ion  or  
t r ansec t ion  of the spinal cord  [9, 10]. In the p re sen t  expe r imen t s  all  these  conditions were  ruled out. A 
f lexor  o r  ex tensor  r e f l ex  appeared  when the influence of r e f l exes  f r o m  the labyr inth  and neck on tone of 
the l imb m u s c l e s  was  prevented ,  when the p a r a m e t e r s  of s t imulat ion were  the s ame ,  when the local izat ion 
of s t imulat ion was  the same ,  and when the bra in  was divided at the same  level  (decort icat ion).  This  sug-  
ges t s  that  in these  expe r imen t s  a fundamental ly  novel fac tor  a rose  which would conver t  the f l exor  re f lex  
into ex tensor ,  namely ,  act ive locomotion.  

Analys is  of this phenomenon mus t  await  fu r ther  r e s e a r c h .  However ,  even at  this  stage it can be con-  
s idered that one cause  of the r ep l acemen t  of the f lexor  re f lex  by ex tensor  during walking is that  descend-  
ing influences f r o m  the bra in  evoking locomotion inhibit the r e f l ex  pathways f r o m  cutaneous af ferent  f ibe r s  
to f lexor  motoneurons .  
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