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In r a t s  with r e l a t i ve ly  local  tetanus poisoning of the ce rv ica l  and upper  thorac ic  segments  of 
the spinal  cord,  produced by migra t ion  of the toxin along the reg iona l  neura l  pathways of one 
of the fo re l imbs ,  appl icat ion of a s t imulus to the recep t ive  f ields of this l imb evokes a r e -  
sponse of the i p s i l a t e r a l  hind l imb,  in the fo rm of a pathological ly i nc reased  sc ra t ch  ref lex .  
I t  is pos tu la ted  that  this pathological  r e s p o n s e  is due to the act ion of te tanus  toxin on in te r -  
neurons  in the a r c  of the sc ra tch  re f lex  located in the ce rv ica l  and upper  thorac ic  segments  
of the spinal  cord.  

In an ima l s  with ascending tetanus produced by injection of te tanus  toxin into the musc l e s  of one of the 
hind l imbs  the appl icat ion of a s t imulus  to that  l imb is accompanied  by a genera l ized  p a r o x y s m a l  r e sponse  
of the ex tensor  type,  whe rea s  s t imulat ion of all  other  r ecep t ive  fields evokes  only a local  r e sponse  (nde- 
pa r t u r e  s tat ion n phenomenon) [1, 2]. 

I t  was in te res t ing  to invest igate  the c h a r a c t e r  of the moto r  r e s p o n s e  in an imals  in cases  in which the 
ndepar ture  s ta t ion  n of the tetanic pa roxysma l  act ivi ty  is c rea ted  in the b rach ia l  and not in the c r u r a l  po r -  
t ion of the spinal  co rd  [3, 4, 5]. 

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  were  c a r r i e d  out on 100 albino r a t s .  The "depar ture  s ta t ion" phenomenon was produced 
by inject ing te tanus  toxin in a dose of 3-4 MLD into the t r i c eps  b rach i i  musc le  and with s imul taneous  in jec-  
tion of ant i te tanus  s e rum (0.025 a.u.) With this method of poisoning the te tanus toxin t r ave l s  along the r e -  
g iona lneu ra lpa thway  [1] into the brachia l  segments  of the spinal cord.  

The r e s p o n s e s  of the r a t s  to natura l  s t imuli  (touch, p r e s s u r e ,  pinching) in var ious  recep t ive  f ields 
were  inves t igated.  Analys is  of the sequence and c h a r a c t e r  of the rap id  m o v e m e n t s  was made by taking 
mot ion p i c tu res  at  a speed of 48 f r ame  s / s e c  (the "Krasnogor sk"  mot ion-p ic tu re  camera ) .  In some an imals  
visual  a s s e s s m e n t  of the m o t o r  r e sponse  was supplemented by r eco rd ing  of the e l ec t r i ca l  act ivi ty  of the 
m u s c l e s  on an 8-channel  encephalomyograph  (SantEi). The e l e c t r o m y o g r a m  (EMG) was r e c o r d e d  in an imals  
with an intact  spinal  cord  and a f te r  cordo tomy at the level  C 2. Uninsulated s tee l  needles  were  used as the 
r e c o r d i n g  e l ec t rodes .  

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

On the 3rd-5 th  day the musc les  of the l imb into which the toxin was injected,  the musc l e s  of the neck 
and upper  pa r t  of  the ches t  on the side of injection of the toxin, and also some musc l e s  of the con t ra l a t e ra l  
f o r e l imb  were  r ig id .  The  digits  of the ntetanicn paw were  clenched into a f is t .  Rigidity of the hind l imbs  
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Fig. 1. Motor response  of r a t  with ~departure station" 
phenomenon evoked by stimulation of the forel imbs,  Re-  
sponse: A) to st imulation of forel imb on side opposite to 
injection of toxin; B) to stimulation of forel imb into which 
tetanus toxin was injected. 

was absent. The responses  of the hind l imbs to stimulation of the recept ive fields of these l imbs and their  
part icipation in the an imal s '  walking were undisturbed. 

The animal ' s  response  to stimulation of the recep to r s  of the ~tetanic ~ forel imb and of the forel imb 
on the side opposite to injection of the toxin was different. This is clear  f rom the f r ames  of the motion 
pictures  record ing  the an imal ' s  behavior during stimulation of the forel imbs.  Compress ion  of the forel imb 
with forceps  on the side opposite to injection of the toxin evoked only a smal l  change in the an imal ' s  posture 
(Fig. 1A). Stimulation of the same intensity applied to the "tetanic" forel imb was accompanied by an ene r -  
getic response  of many of the body muscles .  The trunk was flexed toward the ~tetanic W side, the cont ra-  
la teral  hind limb was extended, the ipsi lateral  hind limb was drawn towards the an ter ior  par t  of the body, 
and it pe r fo rmed  regu la r  scra tching movements.  The toes and foot of the ipsi la teral  hind limb per fo rmed  
par t icu lar ly  fast  and freqnent movements  (Fig. 1B). 

In the ea r ly  stage of poisoning movements  of the hind limb were well coordinated and aimed at r e -  
moving the stimulus applied to the ntetanic~ forelimb. If  the r igidity of the musc les  of the anter ior  par t  of 
the body was slight, the scraping movements  were directed prec i se ly  at the st imulated ~tetanic ~ limb in the 
late stage of poisoning also (Fig. 2D). 

The later  stage of poisoning differed from the ea r l i e r  by the following fea tures  of the scra tch  r e -  
sponse. The duration of the motor  activity was much longer than that of st imulation or,  in other words,  the 
response  was charac te r i zed  by a prolonged aftereffect  (Fig. 1B; Fig. 2A, D). It will be c lear  f rom Fig. 113 
(frames 4-17) that after the end of stimulation the scra tching movements  continued for a fur ther  1.5 sec. 

In ~ e  late stage of poisoning bursts  of paroxysmal  scra tching movements  began to appear ~spon- 
taneously."  Repeated scra tching caused damage to the skin (Fig. 1), and somet imes  of all the underlying 
t issues  down to the bone (Fig. 2D). If major  blood vesse ls  were damaged the animals  quickly died f rom 
mass ive  bleeding. 
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Fig. 2. Activity of hind limb muscles  in a r a t  with "de- 
par ture  station" phenomenon. Tetanus toxin injected into 
t r iceps  muscle of left forelimb. EMG of hind limb muscles  
r eco rded  on side of injection of toxin: 1) tibialis anter ior ,  
2) gas t rocnemius ;  and on side opposite to injection of toxin: 
3) tibialis anter ior ,  4) gas t rocnemius .  A) Strong c o m p r e s -  
sion of "tetanic" forel imb; B) the same,  but st imulus ap- 
plied to forel imb opposite to injection of toxin; C) as in A, 
but 1 h after  cordotomy at level C 2. Time intervals  during 
which forel imb is st imulated marked  by segments  of 
s t ra ight  line beneath r eco rds  of EMG, beginning and end of 
st imulation indicated by ar rows.  Calibration: signal 0.5 
mV, time 1 sec; D) motor  response  of r a t  evoked by st imu- 
lation of "tetanic" forelimb. 

P r o g r e s s i v e  r igidi ty  of the musc les  of the anter ior  par t  of the body made it impossible to oppose the 
hind limb to the st imulated "tetanic w forelimb. As a resu l t  the a reas  of injury ar i s ing  on account of the 
vigorous scra tch ing  movemelits  were found on the medial  or la tera l  surface of the arm,  on the neck, or on 
the head (Fig. 1). 

It was interest ing to study the level of c losure  of scra tch  ref lex studied. Exper iments  showed that 
precol l icu lar  decerebra t ion  did not abolishthe pathologically increased  scratch reflex. In animals with 
chronic (3 days before injection of the toxin) ips i la teral  hemisect ion at the level C 2 an increased  scra tch  
ref lex arose  at the same t imes as in the ra t s  with an intact spinal cord,  and the response  was just  a s in -  
tensiveo 

In the acute spinal r a t  ( t ransect ion at the level C2) stimulation of the r ecep to r s  of the ' t e tan ic"  fore-  
limb did not evoke a sc ra tch  response but by record ing  the EMG it was possible to detect some increase  in 
the activity of those flexor musc les  in which it had predominated before cordotomy (Fig. 2). 

The e lee t romyographic  data on predominant activation of flexor muscles  obtained in experiments  on 
animals  fixed to a f rame are  in agreement  with resu l t s  of the analysis  of movements  of the unfixed animal. 
It is c lear  f rom Fig. 1B (frame 2) that the f i r s t  response  of the ra t  to stimulation of the "tetanic" forel imb 
waE f leet ionof the ips i la tera l  hind limb. 
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I t  follows f rom the r e m a r k s  made above that  the moto r  r e sponse  a r i s ing  in r a t s  with a "depar tu re  
s tat ion" phenomenon to s t imulat ion of the " te tanic"  fo re l imb  is s im i l a r  to the s c ra t ch  re f lex  of the heal thy 
an imals .  Dif ferences  between the r e s p o n s e s  of the an imal  in the e a r l y  and late s tages  of poisoning (in the 
intensi ty  and number  of clonic movemen t s ,  the duration of the af teref fec t )  were  analogous to d i f fe rences  
between the s t rong and weak sc ra t ch  re f lex .  P redominan t  ac t ivat ion of the f lexors  and, in pa r t i cu l a r ,  the 
f lexors  of the ankle is cha r ac t e r i s t i c  of the s c r a t ch  re f l ex  under no rma l  conditions also [7]. 

The expe r imen t s  with t r ansec t ion  in the CNS demons t ra t e  the spinal  or igin  of this r e s p o n s e ,  in a g r e e -  
men t  with data in the l i t e r a tu re  on the spinal  or igin  of the no rma l  s c r a t ch  re f l ex  [7]. 

Special  e lec t rophys io logica l  invest igat ions  conf i rmed  the p r e s e r v a t i o n  of inhibition of the l umb a r  
motoneurons  and the uniform c h a r a c t e r  of r e f l ex  influences of the b rach ia l  division on lumbar  motoneurons  
in r a t s  whose s c r a t ch  re f lex  was tes ted  and also in heal thy an imals  [3-5]. 

Since inhibition of lumbar  motoneurons  in an imals  with a pathological ly  i nc reased  sc ra t ch  re f l ex  was 
not supp re s sed  by the toxin, the inc rease  in the r e sponse  can be explained only by the act ion of the toxin on 
nonmotor  e l emen t s  in the r e f l ex  a r c  of the s c r a t ch  re f l ex  located in the ce rv i ca l  and upper  thorac ic  seg -  
ments .  

Consequently,  the type of tetanus hype r r e f l ex i a  desc r ibed  above dif fers  in pr inciple  f r o m  the well  
known hype r r e f l ex i a  in local  te tanus,  which is  based  on the suppress ion  of motoneuronal  inhibition by the 
toxin [6, 7]. 

Some impor tan t  conclusions follow f r o m  this fact~ The action of tetanus toxin on nonmotor  e l emen t s  
of the re f lex  a rc  m a y  be an es sen t i a l  fac tor  in the intensif icat ion of r e f l exes  in tetanus.  The spec ia l  c h a r -  
a c t e r  of the r e f l exes  intensif ied by the toxin is de te rmined  by the morpho- func t iona l  p r o p e r t i e s  of the af-  
fected re f l ex  a r c s .  

I t  has  been postulated p rev ious ly  that  wide i r rad ia t ion  of exci ta t ion and other  f ea tu res  of the "un iver -  
sal  depar tu re  s ta t ion" phenomenon [1, 2] a re  a t t r ibutable  to the specif ic  type of sp read  of exci ta t ion in a 
sy s t em with diffuse, ye t  r e l a t ive ly  effect ive synaptic  connections [5]. The uni la tera l  c h a r a c t e r  and p r e c i s e  
exhibition of the pathological  s c ra t ch  re f lex  can be explained by the uni la te ra l  c h a r a c t e r  and high eff ic iency 
of the long-axon p ropr i e sp ina l  pathways respons ib le  for  the spinal s c r a t ch  re f lex .  
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