SUPRASEGMENTAL INHIBITION AND FACILITATION
AFTER INJECTION OF TETANUS TOXIN INTO THE
MEDULLARY NUCLEI (THE SO-CALLED

DISPATCH STATION PHENOMENON)
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Changes in descending inhibition and facilitation evoked by stimulation of the nucleus fastigii
were studied after injection of tetanus toxin into the relay nuclei of the medulla in experi-
ments on cats under superficial pentobarbital-chloralose anesthesia. Injection of tetanus
toxin into these nuclei leads to an increase in their "functional dispatch." Descending in~
hibition (in response to injection of fetanus toxin into the gigantocellular nucleus) and de-
scending facilitation (injection of the toxin into Deiters' nucleus and the nucleus ambiguus)
were increased to many times their previous intensity, the latent periods of the descending
effects were considerably shortened, their intensity rose sharply to a maximum, and their
duration was greatly lengthened. To interpret these results it is postulated that powerful
excitation generators are formed in the relay nuclei following disturbance of their inhibitory
mechanisms. These results indicate that the "dispatch station" concept is applicable also
to supraspinal structures.

KEY WORDS: tetanus toxin; suprasegmental inhibition and facilitation; gigantocellular nu~
cleus; Deiters! nucleus; "dispatch station™ phenomenon; excitation generator.

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 [1, 3, 11, 17]. It was interesting to discover whether similar "dispatch stations® could
be formed in the nuclei of the medulla.

These problems were the subject of the present investigation.

EXPERIMENTAL METHOD

Experiments were carried out on 32 cats weighing 2-4 kg lightly anesthetized with pentobarbital and
chloralose (10 and 20 mg/kg, respectively). All the preliminary procedures were carried out under deep
ether anesthesia several hours before the main experiment. Purified tetanus toxin,T in doses of 10-300
MLD for mic€,was injected into the medullary nuclei in a minimal volume of fluid (1X 10™%-5 X 10™¢ m1)
with the aid of a special microinjector. Monosynaptic and polysynaptic reflexes from the veniral roots
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Fig. 1. Inhibition of polysynaptic reflexes induced by stimulation of nu-
cleus fastigii strengthened after injection of tetanus toxin into giganto-
cellular nucleus in medulla. A) Descending inhibition of polysynaptic re-
flexes before (1) and 3 (II) and 24 h (III) after injection of tetanus toxin
(90 MLD for mice) into gigantocellular nucleus (P7—L1-H3). Polysyn-
aptic reflexes recorded from nerve to gastrocnemius muscle., Results
of one experiment. B) General curves of suprasegmental inhibition of
polysynaptic reflexes plotted from averaged data of 8 experiments
(M= m): I) before, II) 2 h and III) 4 h or more after injection of tetanus
toxin (90 MLD for mice). Here and in Figs. 2 and 3: abscissa, time (in
msec) between stimulation of nucleus fastigii and stimulation of museular
nerve (logarithmic scale); ordinate, magnitude of polysynaptic reflexes
(in % of initial).

L5~S1 and from muscular nerves (nerve to gastrocnemius, deep peroneal nerve) in response to stimulation
of these nerves by special buried block electrodes were recorded in the usual way. By the use of this tech~
nique, monosynaptic and polysynaptic reflexes could be recorded for a long period of time (24 h) during
which the animal's condition remained good (trauma to the spinal cord and displacement and drying of the
nerves were avoided). The degree of inhibition or facilitation was estimated from the amplitude of the re-
flexes, expressed in percentages of their initial level. The gigantocellular nucleus and vestibular nucleus
of Deiters were stimulated indirectly by stimulating the nucleus fastigii. The descending effects of this
stimulation are known [18, 21, 26, 29, 30] to be mediated by the medullary reticular formation and nuclei
of the vestibular complex. The gigantocellular nucleus and Deiters? vestibular nucleus are relay struc-
tures 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 0.1 msec); single stimuli were applied in some
experiments. Steel microelectrodes (tip 5-10 g in diameter) were inserted by means of a stereotaxic ap-
paratus in accordance with Szenfagothai'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 [10].

EXPERIMENTAL RESULTS AND DISCUSSION

Descending Inhibition of Polysynaptic Reflexes affer Injection of Tetanus Toxin into the Gigantocel-
lular Nucleus. Normally (Fig. 1A and B, curve I),descending inhibition of polysynaptic reflexes evoked by
stimulation of the nucleus fastigii arises after a fairly long latent period; inhibition is often preceded by
very slight transient facilitation. In most cases two maxima of inhibition were observed after intervals of
30-40 and 100-160 msec. The inhibition gradually died away,and by 300 msec the reflexes had returned to
their initial value.

After injection of tetanus toxin into the gigantocellular nucleus the latent period of inhibition was
significantly (P<0.05) shortened and its depth and duration were increased (Fig. 1A and B, curves II, III).
With the course of time these effects increased. The inhibition curve retained its biphasic character only
for the first few hours after injection of the toxin; later, e.g., after 24 h, the course of the curve changed:
the inhibition began after an even shorter latent period, reached its maximum (95%) quickly, and remained
at the same level for a long time.

In five experiments in which inactivated tetanus toxin was injected into the gigantocellular nucleus
the depth and intensity of descending inhibition did not increase with time.

Descending Facilitation of Monosynaptic Extensor Reflexes after Injection of Tetanus Toxin into
Deiters! Nucleus (Fig. 2). Under normal conditions Fig. 2A and B, curve 1) two maxima of descending
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Fig. 2. Suprasegmental facilitation of extensor monosynaptic reflexes in-
duced by stimulation of the nucleus fastigii increased after injection of
tetanus toxin into the lateral vestibular nucleus of Deiters. A) Facilita-
tion of extensor monosynaptic reflexes before (I) and 6 (II) and 24 h (III)
after injection of tetanus toxin (90 MLD for mice) into Deiters' nucleus
(P6—~D4—H0). Monosynaptic reflexes recorded from nerve to gastro-
cnemius muscle. Results of one experiment. B) General curves of su-
prasegmental facilitation of extensor monosynaptic reflexes plotted from
averaged results of 7 experiments (M= m): I) before, II) 2h and IIT) 4 h
or more after injection of toxin (90 MLD for mice) into Deiters! nucleus.
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Fig. 3. Segmental facilitation of flexor monosynaptic reflexes produced
by stimulation of nucleus fastigii increased after injection of tetanus
toxin into nucleus ambiguus. A) Facilitation of flexor monosynaptic
reflexes before (I) and 4 (II) and 24 h (III) after injection of tetanus
toxin (100 MLD for mice) into nucleus ambiguus (P9—D3—~H3). Mono-
synaptic reflexes recorded from deep peroneal nerve. Results of one
experiment. B) General curves of suprasegmental facilitation of flexor
monosynaptic reflexes plotted from averaged results of 6 experiments
(M £ m): I) before, II) 2 h and IIT) 4 h or more after injection of teta~

nus toxin into nucleus ambiguus.

facilitation were observed within the interval 15-30 msec. This is in agreement with data in the literature
[25]. The facilitation then decreased and sometimes was replaced by slight inhibition and it terminated by

100-150 msec.

After injection of tetanus toxin into the lateral vestibular nucleus of Deiters (Fig. 2A and B, curves
II, III) the latent period of the reflex was shortened and facilitation very considerably (by 5-10 times) in-
creased (P<0.01); with the course of time these effects increased. Facilitation began almost immediately
after the end of stimulation and rose sharply to a maximum. This pattern of development of facilitation
became particularly marked 24 h after injection of the tetanus toxin (Fig. 24, curve IlI). In some experi-
ments the thresholds of the monosynaptic responses fell considerably after injection of the tetanus toxin
into Deiters' nucleus and their amplitude increased without any additional conditioning stimulation of the
cerebellum. Ifis an interesting fact that in some cases an increase in the flexor monosynaptic reflexes
could also be observed after injection of tetanus toxin into Deiters' nucleus. This fits in with data showing
that stimulation of Deiters' nucleus can cause facilitation of flexor as well as of extensor reflexes [20].

In the three experiments in which inactivated tetanus toxin was injected into Deiters! nucleus no

changes were found in facilitation.

25



Descending Facilitation of Flexor Monosynaptic 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 rostral 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 monosynaptic 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 II). Tt reached its maximum almost immediately and then declined
slowly over a long period of time. In 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 (gigantocellular 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 postsynaptic [3, 11, 17] and presynaptic inhibition [1, 9] are disturbed by the toxin at the
spinal level and that similar inhibition may 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 results of the present investigation illustrate 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 ("functional dispatches™)
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" 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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