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The m e c h a n i s m s  of the pathologica! ly inc reased  sc ra t ch  re f l ex  f r o m  the recep t ive  f ie lds  
of the fo re l imb  into which te tanus toxin had prev ious ly  been injected (the mechan i sm of the 
"depar tu re  s tat ion" phenomenoa) were  invest igated.  In r a t s  with a pathological ly inc reased  
sc ra t ch  re f l ex  d i scha rges  of high ampli tude occu r r ed  in the ips i l a te ra l  peroneal  nerve  dur-  
ing s t imulat ion of the rad ia l  ne rve  on the side of injection of the toxin. In an imals  w i thhemi -  
sect ion of the spinal  cord  at the level  C 2 s t imula t ion  of the ip s i l a t e ra l  nerve  to the " te tanus"  
fo re l imb in a s t rength of 4 threshold  units (4T) induced inhibition followed by faci l i tat ion of 
the lumbar  f lexor  motoneurons  on the ips i l a t e ra l  side; the inhibition was  deeper  in r a t s  
with a pathological ly inc reased  sc ra t ch  re f lex  than in healthy r a t s .  The state of segmenta l  
inhibition of the lumbar  ex tensor  motoneurons  and the abil i ty of monosynapt ic  ex tensor  r e -  
f lexes  to reproduce  the f requency of af ferent  s t imulat ion were  the same in the r a t s  with a 
pathological ly  inc reased  sc ra t ch  re f lex  as in healthy animals .  It is concluded that the in- 
c r e a s e  in s t rength of the long spinal r e f l exes  f rom the r ecep t ive  f ie lds  of the " te tanus"  fo re -  
l imb is connected with de- inhib i tory  action of te tanus  toxin on in terneurons  in the b rach ia l  
segments  of the spinal  cord .  

P rev ious  invest igat ions [8-11] showed that  in an imals  with re la t ive ly  local  toxic damage to the  r o s t r a l  
por t ions  of the spinal  cord  following the a r r i v a l  of te tanus  toxin along the regional  neural  pathway [2] f r o m  
one of the fo re l imbs ,  s t imulat ion of the r e c e p t o r s  of that  l imb induces a pathological ly increased  sc ra tch  
re f l ex  of the ips i l a t e ra l  hind l imb.  This is a manifes ta t ion  of the "depar tu re  station" phenomenon [2, 3], 
in which the "s ta t ion"  is located in the r o s t r a l  por t ions  of the spinal cord.  It has  been postulated that the 
pathological ly inc reased  sc ra t ch  re f l ex  is a specia l  f o r m  of te tanus  hyper re f lex ia ,  the production of which 
is unconnected with the suppress ion  of motoneuronal  inhibition [7-11]. 

The invest igat ion desc r ibed  below was  c a r r i e d  out to t e s t  this  hypothes is  exper imenta l ly .  

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  w e r e  c a r r i e d  out on 47 albino r a t s .  A pathological ly increased  sc ra tch  re f l ex  of the 
hind l imb was  induced by injecting te tanus  toxin in a dose of 3-4 MLD into the t r i c eps  musc le  of the ipsi-  
l a t e r a l  fo re l imb.  To block the sp read  of the toxin by the blood, antitoxin was injected in a dose of 0.025 
a.u.  The r a t s  were  used in the expe r imen t s  3-4 days l a t e r .  T racheo tomy was p e r f o r m e d  under  e the r  an- 
es thes ia ,  the ce rv i ca l  and lumbar  en l a rgemen t s  of the spinal cord  were  exposed,  and the spinal roots  and 
pe r iphe ra l  ne rves  we re  d i ssec ted .  For  the e lec t rophys io logica l  invest igat ions the an imals  were  immobi l -  
ized with D- tubocura r ine  (0.3-0.4 mg/kg) or Remyolan  (5-7 mg/kg) and maintained on ar t i f ic ia l  r e sp i ra t ion .  
Genera l  anes thes ia  was not used during the expe r imen t s .  
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Fig. 1. Reflex activity in nerves  of hind l imbs evoked in rat  with path- 
ologically increased sc ra tch  ref lex by a single st imulus applied to the 
radial  nerves  of the forel imbs.  A and t3) Responses  in peroneal  nerves  
on both sides to stimulation of radial  nerve of "tetanus" forelimb at 
s trengths of 4 and 40T; E and F) the same,  but to st imulation of nerve 
on side opposite to injection of toxin; C and I3) responses  in tibial nerves  
on both sides to stimulation of nerve to "tetanus" forel imb in strengths 
of 4 and 40T; G and I-l) responses  in nerves  to medial  heads of gas t roc -  
nemius  muscles  to, st imulation of radial  nerve to "tetanus" forelimb in 
s trengths of 4 and 40T. On all r eco rds  responses  in nerves  on "tetanus" 
side are shown above, and responses  in nerves  on opposite side below. 
Calibrat ion:  signal 500 t~V, t ime 6 msee .  

TABLE 1. Amplitudes of Reflex Discharges  in Peroneal  Nerves Evoked 
in Rats with a Pathologically Increased Scratch Reflex by Stimulation of 
Ipsi la teral  and Contra la tera l  Radial Nerves  in a Strength of 4T 

Side of recording 

Amplitude (in pV) 
stimulation of ipsilateral stimulation of contralateral 
radial nerves radial nerves 

p n ~ S~ p 

"Tetanus" 6 ] 198+49 

Opposite 5 ] 42 -4- 26 

Legend__. Here and in Table 2" 
mean; S K) standard e r r o r ;  
significance taken as 0.05. 

<0,05 
64~38  

180 ~ 52 
>0,05 

n) number of observat ions;  x) ar i thmetic  
P) probabili ty of null hypothesis .  Level of 

Differehces significant when P -< 0.05. 

In the experiments  on animals with an intact spinal cord  ref lex responses  were recorded  inthe nerves 
of both hind l imbs to stimulation of the common trunk of the radial  nerve on the "tetanus" and cont ra la tera l  
sides at a strength of 4 and 40 threshold units (4 and 40T). 

The segmental  inhibition of lumbar  motoneurons was investigated in spinal ra ts .  Chordotomy was 
pe r fo rmed  at the level T 7 2 h before the beginning of the experiment .  Inhibition of extensor  monosynaptic 
ref lexes evoked by stimulation of the tibial nerve in the ventral  root  L 5 and L 6 in response  to conditioning 
stimulation of the afferent f ibers  of the peroneal  nerve was studied. The strength of conditioning st imula- 
tion was 3T, and the strength of test ing stimulation a little more  than that required to induce a monosyn-  
aptic ref lex of maximal amplitude. In the same exper iments  the ability of the monosynaptic ref lexes to re -  
produce the rhythm of stimulation (100, 150, and 200/sec) of the tibial nerve with a strength of 3T was stud- 
ied. The procedures  of p re l iminary  preparat ion,  stimulation of the nerves ,  and recording  the responses  
were  s imi lar  to those descr ibed previously [5, 6, 9]. 

The effect of conditioning stimulation of the common trunk of the radial  nerve in s trengths of 4 and 
40T on the amplitude of the ipsi la teral  lumbar  flexor monosynaptic ref lexes evoked in the ventral  roots L 5 
and L 6 by stimulation of the peroneal  nerve was studied in animals with ipMlateral hemisect ion of the spi- 
nal cord (at the level C2) o Hemisect ion was ca r r i ed  out to abolish the spino-bulbospinal component of the 
l imb- to- l imb reflex [1, 13]. 
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Fig.  2. Inhibition of l umbar  ex tensor  
monosynapt ic  r e f l exes  in r a t s  with a 
pathological ly  inc reased  sc ra t ch  r e -  
f lex.  I. Changes in spinal r e f l exes  in 
the course  of repe t i t ive  s t imulat ion of 
a f fe ren t  ne rve s .  A, ]3, and C) Mono- 
polysynapt ic  r e f l exes  (above) and dor -  
sal  sur face  potent ia ls  (DSPs) of spinal 
cord(be low)  in a heal thy r a t  during 
s t imulat ion of t ibial  nerve  in a s t rength  
of 3T and f requenc ies  of 100,150, and 
200/sec; D, E, and F) analogous cu rves  
obtained with a ra t  with pathological ly 
i nc rea sed  sc ra t ch  ref lex .  Cal ibrat ion 
of signal for  DSP and t ime  the same  for  
all  r e c o r d s  (2 mV and 10 msec) ,  shown 
in F. Cal ibrat ion of s ignal  for  e f ferent  
d i scha rges  for  r e c o r d s  A, ]3, and C 
(0.25 mV) given in C, for  r e c o r d s  D , E ,  
and F (0.10 mV) given in F. II. Inhibi- 
t ion of lumbar  ex tensor  r e f l exes .  In- 
hibit ion evoked by s t imulat ion of t ibial  
ne rve  in a s t rength of 3T. A) Inhibition 
of monosynapt ic  r e f l ex  in root  Ls; 13)in 
root  L~. Curve  of inhibition of monosyn-  
aptic r e f l ex  in heal thy an imals  (circles)  
plotted f r o m  mean  data  obtained in 11 
expe r imen t s ,  curve  of inhibition in ani-  
ma l s  with pathological ly  inc reased  
sc ra t ch  re f lex  (filled squares)  plotted 
f r o m  mean  data obtained in expe r imen t s  
on 15 an imals .  Cal ibra t ion  of signal in 
A: top curve  500 pV, bot tom curve  250 
uV; t ime  10 m s e c .  

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

In the r a t s  with a pathological ly increased  sc ra t ch  r e -  
f lex s t imulat ion of the rad ia l  nerve  on the " te tanus"  side in a 
s t rength  of 4T evoked e f fe ren t  d i scha rges ,  a f te r  a delay of 
12-13 m s e c ,  in the peronea l  ne rve s  on both sides (Fig. la ) .  In 
r e sponse  to s t imulat ion of the radia l  nerve  to the con t r a l a t e ra l  
fo re l imb at the same  s t rength or  m o r e  (40T), r e sponses  of 
lower  ampli tude and sho r t e r  durat ion were  recorded  in these  
same  n e r v e s  of the hind l imbs  (Fig.  1E, F). The difference in 
ampl i tudes  of the r e s p o n s e s  evoked by s t imulat ion of the r a -  
dial ne rve s  on the " te tanus"  and opposite s ides ,  in the pe ro -  
neal ne rve s  ips i l a t e ra l  r e la t ive  to s t imulat ion,  is s ta t i s t ica l ly  
significant (Table 1). A study of the e l e c t r i c a l  r e sponses  in 
the ne rve s  to the f lexor  and ex tensor  musc l e s  of the ankle 
showed that  e f ferent  act ivi ty evoked by s t imulat ion of the r a -  
dial ne rve  to the " te tanus"  fo re l imb is d i rec ted  chiefly toward 
the f lexor  m u s c l e s :  it was  r eco rded  regu la r ly  only in the 
peronea l  ne rve s  (Fig.  1). 

To invest igate  the causes  of the inc rease  in efferent  ac-  
t ivi ty of the c r u r a l  por t ion of the spinal cord  in r a t s  with a 
pathological ly  inc reased  sc ra t ch  ref lex,  inhibition of the ex-  
t enso r  and f lexor  l umbar  motoneurons  was  studied on the 
" te tanus"  side.  Curves  showing inhibition of motoneurons  of 
the ankle ex t enso r s  evoked by s t imulat ion of the peronea l  ne rve  
in a s t rength  of 3T are  shown in Fig. 2, II. It is c l ea r  f r o m  
graphs  showing inhibition of the monosynaptic  r e f l exes  in root  
L G and f r o m  the r e c o r d s  showing inhibition of the monosynapt ic  
r e f l ex  in the m o r e  r o s t r a l  root  L s that inhibition of motoneu-  
rons  in the l u m b o - s a c r a l  por t ion of the spinal cord  in an imals  
with a pathological ly  inc reased  sc ra t ch  re f l ex  was  not signifi-  
cantly changed. 

Bes ides  inhibition, in these  expe r imen t s  the abili ty of 
the monosynapt ic  r e f l exes  to reproduce  the f requency of af-  
f e ren t  ne rve  s t imulat ion (the ca r ry ing  capaci ty  of the ef ferent  
output) was  invest igated in these  expe r imen t s  [4, 10]. During 
suppres s ion  of motoneuronal  inhibition by the toxin the mono- 
synaptic  r e f l exes  reproduced  higher  f requencies  of af ferent  
s t imulat ion if the afferent  volley evoked a mixed mono-poly-  
synaptic r e sponse  in the vent ra l  root [4, 10]. It follows f r o m  
Fig. 2, I that  the ability of the monosynapt ic  r e f l exes  at the 
lumbar  level  to reproduce  the rhy thm of repet i t ive  afferent  
s t imulat ion was  at the same  low level  in the an imals  with a 
pathological ly  inc reased  sc ra t ch  re f lex  as in the healthy ra t .  

Stimulation of the common  t runk of the rad ia l  ne rve  in 
a healthy,  unanesthet ized animal  with hemisec t ion  of the spi-  
nal cord  at the level  C 2 was  accompanied by biphasic  changes 
in exci tabi l i ty  of the nuclei of the ips i l a te ra l  f lexor  motoneu-  
tons  (Fig. 3, cu rve  1). The f i r s t  changes in e x c i t a b i l i t y -  a 
d e c r e a s e  in ampli tude of the tes t ing  monosynapt ic  r e f l e x -  
w e r e  observed  as ea r ly  as 4 msec  af ter  application of the con- 
ditioning s t imulus .  With an inc rease  in the in terval  between 
the conditioning and tes t ing  s t imulat ion,  inhibition of the t e s t -  
ing monosynapt ic  re f lex  was increased ,  the m a x i m u m  c o r r e -  
sponding to an in terva l  of 10-15 m sec,  a f te r  which it dec re  ased 

890 



TABLE 2. Intensi ty of Inhibition of Lumbar  F lexor  Motoneurons 
during Stimulation of Radial  Nerve of Ips i l a t e ra l  Fo re l imb  in a 
Strength of 4 T 

Animals investigated 

Healthy ra t s  . . . .  
Rats with a pathologi- 

cally ioc,ease  set.arch ! 
reflex ! 

Amplitude of testing monosynaptic reflex (in % of control) 
for a time interval between conditioning and testing 

7 m s e c  s m s e c  

-;+s T 

79=~5 

5 9 = 9  

<(),05 
7 { ; : q  

5 2  : ', ~! 

<0,05 

% 

o 

200 ! 

1501 2 

~oo ~,~o/ .~  "-'<"-~" "-"~ 
50 

ZO 20 30 m . ~ e c  

Fig.  3. Changes in exci tabi l i ty  in 
l umba r  f lexor  motoneurons  induced 
by s t imulat ion of rad ia l  ne rve  to 
ip s i l a t e ra l  fo re l imb in a s t rength  of 
4T in heal thy r a t s  (1) and in r a t s w i t h  
a pathological ly  inc reased  sc ra t ch  
r e f l ex  (2). Animals  with ip s i l a t e ra l  
chordotomy at the level  C 2. Curves  
plotted f r o m  mean  data of 7 expe r i -  
m e n t s  on heal thy and 8 expe r imen t s  
on " te tanus"  animals .  Test ing s t im-  
ulat ion applied to peronea l  nerve ,  
monosynapt ic  tes t ing  re f l ex  r eco rded  
in ips i l a te ra l  root  L G. Absc i s sa ,  
t ime  in terval  between conditioning 
and tes t ing  s t imulat ion (in msec)  ; 
ordinate ,  ampli tude of tes t ing  
monosynapt ic  re f lex  (in percen t  
of control) .  

s teadi ly .  Inhibition was  rep laced  by a very  slight i nc rease  in the 
exci tabi l i ty  of the f lexor  motoneurons .  An inc rease  in the 
s t rength  of the conditioning s t imulat ion to 40T did not lead to 
any fur ther  inc rease  in the changes in exci tabi l i ty  of the lumbar  
motoneurons .  

In the an imals  with a pathological ly increased  sc ra t ch  r e -  
f lex the inhibi tory ef fec ts  of the r o s t r a l  por t ions  of the spinal 
cord  on the lumbar  motoneurons  remained  intact.  Moreover ,  
descending inhibition of the tes t ing  monosynapt ic  re f lex  in the 
r a t s  with a pathological ly inc reased  sc ra t ch  re f l ex  was deeper  
than in the heal thy r a t s  (Fig. 3). Stat is t ical  analys is  of the m e a -  
s u r e m e n t s  of the depth of inhibition in .the animals  with a patho- 
logical ly  inc reased  sc ra t ch  re f l ex  and in the healthy r a t s  for  an 
in terva l  of 7-8 msec  (the m a x i m u m  distance apar t  of curves  1 
and 2 in Fig. 3) led to a significant inc rease  in inhibition in the 
an imals  with the phenomenon under invest igat ion (Table 2). De- 
scending faci l i ta t ion of f lexor  r e f l exes  in the animals  with a 
pathological ly inc reased  sc ra t ch  re f lex  also grew in intensity,  
w h e r e a s  the latent  per iod of appearance  of the fac i l i t a to ry  ef-  
fec t s  was  shor tened (Fig. 3). 

The facts  descr ibed  above c l ea r ly  prove  that inhibition of 
the ex tensor  and f lexor  l umbar  motoneurons  in an imals  with a 
pathological ly  inc reased  sc ra t ch  re f lex  is not suppressed  by 
te tanus toxin. Consequently,  the s t rengthening of inhibitory and 
exc i ta to ry  influences of the r o s t r a l  por t ions  of the spinal cord 
on the lumbar  motoneurons  can only be explained by the de- in-  
hibit ing action of te tanus toxin on in terneurons  of the co r r e spond-  
ing re f l ex  a r c s  in the ce rv i ca l  and upper  thorac ic  segments  of 
the spinal cord.  The r o s t r a l  por t ions  of the spinal cord  thus ex-  
e r t  qual i tat ively s i m i l a r  ef fec ts  on re f l ex  act ivi ty of the lumbar  
motoneurons  in an imals  with a pathological ly inc reased  sc ra t ch  
r e f l ex  and in heal thy r a t s ,  and the d i f fe rences  in cu rves  1 and 2 
in Fig. 3 r e s e m b l e  the d i f fe rences  in c h a r a c t e r  and shape of the 
cu rves  obtained in expe r imen t s  with p repa ra t ions  of the spinal cord,  
with low and high exci tabi l i ty ,  r e spec t ive ly ,  of the heal thy spinal 
cat  [Z2]. 
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