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Changes in descending inhibition and faci l i tat ion evoked by s t imulat ion of the nucleus fast igi i  
were  studied a f te r  inject ion of te tanus toxin into the r e l ay  nuclei  of the medul la  in e x p e r i -  
men t s  on ca ts  under superf ic ia l  pen toba rb i t a l - ch lo ra lo se  anes thes ia .  Injection of te tanus 
toxin into these  nuclei leads to an i n c r ea se  in t h e i r  ~functional d ispatch ."  Descending in -  
hibition (in r e s pons e  to injection of te tanus toxin into the g igantocel lu lar  nucleus) and de-  
scending faci l i tat ion (injection of the toxin into D e i t e r s '  nucleus and the nucleus ambiguus) 
we re  i n c r e a s e d  to many  t imes  the i r  p rev ious  intensi ty,  the la tent  per iods  of the descending 
ef fec ts  were  cons ide rab ly  shortened,  thei r  in tensi ty  ro se  sharp ly  to a max imum,  and the i r  
durat ion was g rea t ly  lengthened.  To i n t e r p r e t  these  r e su l t s  i t  is postula ted that  powerful  
exci ta t ion g e n e r a t o r s  a r e  f o rm ed  in the r e l a y  nuclei following d is turbance  of the i r  inhib i tory  
m e c h a n i s m s .  These  r e s u l t s  indicate  that  the ndispatch stat ion ~ concept  is  appl icable  also 
to suprasp ina l  s t r u c t u r e s .  
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Previous investigations showed [7-9, 12, 13] that local poisoning of the spinal cord with tetanus toxin 
modifies inhibitory and facilitatory descending effects after stimulation of the medullary nuclei. However, 
virtually no attempt has yet been made to study whether tetanus toxin acts in this way on structures of the 
brain stem [14, 15, 23]. It was shown previously [2-6] that a so-called dispatch station (DS) can be created 
in various parts of the spinal cord with the aid of tetanus toxin, which disturbs various types of inhibition 
in the spinal cord [i, 3, ii, 17]. It was interesting to discover whether similar ~dispatch stations" could 
be formed in the nuclei of the medulla. 

These  p r o b l e m s  were  the subjec t  of the p r e s e n t  invest igat ion.  

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

Expe r imen t s  were  c a r r i e d  out on 32 ca ts  weighing 2-4 kg l ightly anes the t ized  with pentobarb i ta l  and 
ch lo ra lose  (10 and 20 m g / kg ,  r e spec t ive ly ) .  All the p r e l i m i n a r y  p r o c e d u r e s  were  c a r r i e d  out under deep 
e ther  anes thes i a  s e v e r a l  hours  before  the main  exper iment .  Pur i f i ed  tetanus toxin,# in doses  of 10-300 
MLD for  m i c e , w a s  in jected into the m e d u l l a r y  nuclei in a min ima l  volume of fluid (1 x 10-4-5 x 10 -4 ml) 
with the aid of a spec ia l  m i c r o i n j e c t o r .  Monosynaptic  and polysynapt ic  r e f l exes  f rom the ven t ra l  roo ts  
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Fig.  i .  Inhibition of polysynaptic r e f l exes  induced by st imulation of nu-  
cleus iast igi i  s t rengthened af te r  inject ion of tetanus toxin into giganto- 
ce l lu lar  nucleus in medulla .  A) Descending inhibition of polysynaptic r e -  
f lexes before  (I) and 3 (II) and 24 h (III) a f te r  inject ion of tetanus toxin 
(90 MLD for  mice)  into gigantecel lu lar  nucleus ( P 7 - L 1 - H 3 ) .  Po lysyn-  
aptic r e f l exes  r e c o r d e d  f rom ne rve  to gas t rocnemius  muscle .  Resul ts  
of one exper iment .  B) Genera l  curves  of suprasegmenta l  inhibition of 
polysynaptic r e f l exes  plotted f rom averaged data of 8 exper iments  
(M+ m): I) before,  II) 2 h and IK) 4 h or m o re  af ter  inject ion of tetanus 
toxin (90 MLD for mice) .  Kere  and in Figs.  2 and 3: absc issa ,  t ime (in 
msec)  between st imulat ion of nucleus fastigii  and st imulat ion of muscu la r  
ne rve  ( logari thmic scale);  ordinate ,  magnitude of polysynaptic r e f l exes  
(in % of initiaD. 

L5-S1 and f rom muscu la r  ne rves  (nerve  to gas t rocnemius ,  deep peroneal  nerve) in response  to st imulation 
of these  ne rve s  by special  buried block e lec t rodes  were  r e c o r d e d  in the usual way. By the use of this t ech-  
nique, monosynaptic  and polysynaptic  r e f l exes  could be r e c o r d e d  for  a long per iod  of t ime (24 h) during 
which the animal ' s  condition remained  good ( t rauma to the spinal cord  and d isp lacement  and drying of the 
ne rve s  were  avoided). The degree  of inhibition or faci l i tat ion was es t imated  f rom the amplitude of the r e -  
f l exes ,  e xp r e s sed  in percen tages  of the i r  init ial  level .  The gigantocel lular  nucleus and ves t ibular  nucleus 
of De i te r s  were  s t imulated indi rec t ly  by st imulating the nucleus fastigii .  The descending effects  of this 
s t imulat ion a re  known [18, 21, 26, 29, 30] to be media ted  by the medul la ry  r e t i cu la r  format ion and nuclei 
of the vestibular complex. The gigantocellular nucleus and Deiters' vestibular nucleus are relay struc- 
~ttres for impulses from the cerebellum [16, 19, 22, 24]. To stimulate the nucleus fastigii a volley of five 
square pulses was applied (500/sec, 8 msec, esch stimulus 0.i msec); single stimuli were applied in some 
experiments. Steel microelectrodes (tip 5-10 # in diameter) were inserted by means of a stereotaxic ap- 
paratus in accordance with Szentagothai's atlas. The position of the electrodes in the brain was verified 
in sections stained by Nissl's method. In control experiments tetanus toxin inactivated with antitetanus 
serum was injected into the medullary nuclei. The results were subjected to statistical analysis [i0]. 

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  

Descending Inhibition of Potysynapt ic  Ref lexes  a f te r  Injection of Tetanus Toxin into the Gigantocel-  
lular  Nucleus.  Normal ly  (Fig. 1A and B, curve  I), descending inhibition of polysynaptic r e f l exes  evoked by 
s t imulat ion of the nucleus fastigii  a r i s e s  a f te r  a fa i r ly  long la tent  period;  inhibition is often p receded  by 
v e r y  sl ight  t r ans ien t  faci l i tat ion.  In mos t  ca ses  two maxima of inhibition were  observed  af te r  in tervals  of 
30-40 and 100-160 msec .  The inhibition gradual ly died away, and by 300 msec  the re f l exes  had re tu rned  to 
the i r  init ial  value. 

After  inject ion of tetanus toxin into the gigantecel lular  nucleus the la tent  per iod of inhibition was 
signif icantly (P < 0.05) shor tened  and i ts  depth and durat ion were  inc reased  (Fig. 1A and B, curves  II, III). 
With the course  of t ime these  effects  inc reased .  The inhibition curve  re ta ined  its biphasic cha rac t e r  only 
for  the f i r s t  few hours  a f t e r  in ject ion of the toxin; l a te r ,  e .g. ,  a f te r  24 h, the course  of the curve  changed: 
the inhibition began af te r  an even sho r t e r  la tent  per iod,  r eached  i ts  maximum (95%) quickly, and remained  
at  the same level  for  a long t ime.  

In five exper iments  in which inact ivated tetanus toxin was in jected into the gigantocel lular  nucleus 
the depth and in tens i ty  of descending inhibition did not i nc rease  with t ime. 

Descending Faci l i ta t ion of Monosynaptic Extensor  Ref lexes  a f te r  Injection of Tetanus Toxin into 
De i t e r s '  Nucleus (Fig. 2). Under normal  conditions Fig.  2A and B, curve  I) two maxima of descending 
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Fig. 2. Suprasegmental  facilitation of extensor monosynaptic  ref lexes in-  
duced by stimulation of the nucleus fastigii  inc reased  after injection of 
tetanus toxin into the la tera l  vest ibular  nucleus of Dei ters .  A) Fac i l i t a -  
tion of extensor  monosynaptic ref lexes before (I) and 6 (II) and 24 h (III) 
after  injection of tetanus toxin (90 MLD for mice) into De i t e r s '  nucIeus 
( P 6 - D 4 - H 0 ) .  l o n o s y n a p t i c  ref lexes  r ecorded  f rom nerve to g a s t r o -  
cnemius muscle .  Resul ts  of one experiment.  B) General  curves  of su-  
prasegmenta l  facilitation of extensor  monosynaptic  ref lexes plotted f rom 
averaged  resul t s  of 7 exper iments  ( l •  m): I) before,  II) 2 h and III) 4 h 
or more  after  injection of toxin (90 I L D  for mice) into De i t e r s '  nucleus.  
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Fig.  3. Segmental facili tation of flexor monosynaptic  ref lexes produced 
by stimulation of nucleus fastigii inc reased  after injection of tetanus 
toxin into nucleus ambiguus.  A) Faci l i ta t ion of flexor monosynaptic 
ref lexes before (I) and 4 (II) and 24 h (III) after  injection of tetanus 
toxin (100 I L D  for mice) into nucleus ambiguus ( P g - D 3 - H 3 ) .  Mono- 
synaptic ref lexes r eco rded  f rom deep peroneal  nerve.  Results  of one 
experiment .  B) General  curves  of suprasegmental  facilitation of flexor 
monosynaptie ref lexes plotted f rom averaged resul t s  of 6 exper iments  
(1  �9 m): I) before,  I-D 2 h and III) 4 h or m o r e  after  injection of te ta-  
nus toxin into nucleus ambiguus.  

facilitation were  observed within the interval  15-30 msec .  This is in agreement  with data in the l i te ra ture  
[25]. The faciIi tation then dec reased  and somet imes  was replaced by slight inhibition and it  te rminated by 
100-150 msec .  

After  injection of tetanus toxin into the lateral  vest ibular  nucleus of Dei ters  (Fig. 2A and B, curves  
II, IH) the latent period of the ref lex was shortened and facilitation very  considerably (by 5-10 times) in- 
c reased  (P < 0.01); with the course  of t ime these effects increased .  Facil i tat ion began a lmos t  immediately  
after  the end of stimulation and rose  sharply to a maximum. This pat tern of development of facilitation 
became par t icu la r ly  marked  24 h after  injection of the tetanus toxin (Fig. 2A, curve III). In some exper i -  
ments  the thresholds  of the monosynaptic  responses  fell considerably after  injection of the tetanus toxin 
into De i t e r s '  nucleus and their amplitude increased  without any additional conditioning stimulation of the 
cerebel lum.  It is an in teres t ing fact  that in some eases  an inc rease  in the flexor monosynaptic  ref lexes  
could also be observed  after  injection of tetanus toxin into De i t e r s '  nucleus. This fits in with data showing 
that st imulation of Deiters  r nucleus can cause facilitation of flexor as well as of extensor  ref lexes [20]. 

In the three exper iments  in which inactivated tetanus toxin was injected into De i t e r s '  nucleus no 
changes were found in facilitation. 
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Descending Facilitation of Flexor Monosynaptlc Reflexes after Injection of Tetanus Toxin into Nucleus 
Ambiguus (Fig. 3). Under normal conditions the curve of descending facilitation of flexor monosynaptic re -  
flexes to stimulation of the rostra l  and caudal parts of the nucleus fastigii is usually bimodal in character 
(Fig. 3A and B, curve I). In this respect  it  resembles the curve of facilitation of the monosynaptlc exten- 
sor reflexes: the only noticeable differences were a somewhat greater degree of facilitation and a shorter 
latent period. 

After injection of the tetanus toxin into the nucleus ambiguus the degree and duration of facilitation 
increased significantly (P < 0.01) and the latent period was shortened; facilitation continued for 500 msec 
or more (Fig. 3A and B, curves II and III). It reached its maximum almost immediately and then declined 
slowly over a long period of time. I n  three experiments no change in facilitation or in the latent periods 
of the response were found after injection of inactivated tetanus toxin into the nucleus ambiguus. 

The investigations show that after injection of tetanus toxin into the medullary nuclei,the descending 
inhibitory (gigantecellular nucleus) and facilitatory {nucleus of Deiters, nucleus ambiguus) were sharply 
intensified. This result  conflicts with the reported observations that tetanus toxin has no effect on the 
medullary reticular formation [23]. 

The changes produced by tetanus toxin in the descending effects were specific. Considering that 
some types of postsynaptie [3, 11, 17] and presynaptie inhibition [1, 9] are disturbed by the toxin at the 
spinal level and that similar inhibit ionmay take place also in the system of the medullary nuclei studied 
in the present experiment [27, 28], it  can be concluded that the effects of tetanus toxin are connected with 
a disturbance of inhibition in these nuclei. 

The resul ts  of the present investigation il lustrate the role of inhibitory processes in the determina- 
tion of the temporo-spatial pattern of excitation in the nuclei of the medullary reticular formation. 

The considerable increase in the intensity and duration of the discharges (Mfunctional dispatches n) 
arising from the medullary nuclei after injection of tetanus toxin into them is evidence of the formation of 
powerful excitation generators in these nuclei in connection with the disturbance of their inhibitory mech- 
anisms, as a result  of which these nuclei become pathologically augmented "dispatch stations." These 
unique features of operation of the generator, especially its prolonged activity, suggest that the reverber-  
ation of excitation is a mechanism concerned in the activity of the generator. 

This investigation thus showed that pathologically augmented "dispatch stations n can be formed in 
the suprasegmental apparatus. Its results also point to a very important feature of the DS phenomenon, 
namely that the functional role of its effects is determined by the system in which it is formed. 
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