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Summary: The swallowing reflex can be reproduciblyelicited
by the stimulation of superior
laryngeal nerve (SLN).
Afferent projections of SLN were studied with the evoked potential
technique. Short latency responses were obtained mainly in the tractus solitarius and its nucleus,
in the dorsal motor nucleus of the vagus, in the trigeminal nucleus and its tract, and the underlying
reticular formation.
Long latency responses were obtained in the ipsilateral and contralateral reticular formation.
Characteristics of the long latency responses suggest an intensive activity of internuncial neurones
whenever sensory input from SLN arrives in this area. It is possible therefore that this area of
reticular formation which extends from obex to 4 mm anterior to it, upto 2.5·3 mm beneath the
vagal nuclei, and between 1·3 mm lateral to the midline~
an integrative role in bringing about
the reflexes elicited on SLN stimulation.
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TRODUCfJO

Since the early investigations of German Physiologists (2,8,11,12) it has been customary
to assume that the act of swallowing is controlled by some vaguely defined centre in the
medullaoblongata. The general location of this centre, however, has only recently been established by making serial surgical sections in the reticular substance of the medulla oblongata
(5). Swallowing is a complex reflex whose performance requires an integrative activity of the
motoneuronesdistributed along the brain stem from mesencephalon to posterior medullary
areasand the activity extends over a period of about half a second. Also this is probably a
uniqueexample in which a complex phenomenon can be reproducibly obtained by the stimulationof a peripheral nerve-the superior laryngeal nerve (SLN) (4,6). One of us has earlier
demonstratedthat the reflex swallowing induced by SLN stimulation or by applying water to
theback of tongue can be facilitated or inhibited from a large number of points in the diencephalon(10). In this study we report the mapping of various types of potentials evoked in the
medullaoblongata on SLN stimulation. Recording of these potentials has permitted us to
demarcatethe medullary regions which receive direct sensory input of the SL from those
whichreceive multisynaptic indirect projections from the SLN, and therefore may be involved
incoordinating and integrating the mechanisms employed in the act of swallowing.
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METHODS

In encephale isole cats which were artificially ventilated with a positive pressure respi
tory pump, SLN was stimulated with single or repeated shocks of 2-6 volts and 0.1 - 0.5 ms
duration as obtained from a Grass model S4 stimulator. Evoked potentials were recorded
a Tektronix 502 oscilloscope with the help of a conventional preamplifier. Recording electr
was 34 S.W.G. insulated steel electrode ground at the tip so as to give a bare end of 0.4-0
mm. It was stereotaxically introduced into the medulla oblongata after partial cerebellectom
and records were taken at every 0.5 mm as the electrode was lowered into the medullary su:
tance. At the end of each experiment brain stem was removed and processed histologically
as to give 50 u thick serial sections. Electrode tracks were identified by studying eight tim
magnified images of these sections.

RESULTS

Evoked responses could be classified into two main types:- The type I or prima,
were of short latency (0.& to 2 msec), short duration (2----10. 4 msec), a
small amplitude (50 to 100 iL volts), and were localizable in tractus solitarius and i
nucleus from a level of 2 mm posterior to obex to 5 mm anterior to it, in the dor
motor nucleus of vagus from 1 mm anterior to obex to 4 mm rostralwards, in the trigemi
nucleus and its tract 2mm posterior to obex to 3 mm rostralwards and in the ipsilate
reticular formation in an area extending from obex to 5 mm anterior to it. Respon
located in tractus solitarius and its nucleus, dorsal motor nucleus of the vagus andI
trigeminal nucleus consisted of a small positive wave followed by a negative wave '~i
usually had two peaks signifying the projection of two different sets of fibres. . Calculatio
based on the latencies of individual peaks and the distance between the recording a
stimulating electrodes established the conduction velocities to be between 24-36 meters;
for one group and 16-28 meters/sec. for the other group, (conduction distance in the nen
was approximately 4-5 cm). In contrast, the primary evoked responses in the reticular for
ation were variable in shape, but in general consisted of a single positive peak of 60-240 /lyol
These responses, however, were always followed by long duration, high amplitude type 1I
secondary evoked potentials. Characteristics of secondary responces were i=- latencies betwe
4.5-40 msec, durations between 5-60 msec, and amplitudes between 80-500 iL volts.
responses

Figure 1 demonstrates that all the above responses, can be obtained when an electrode
lowered from the dorsal surface of medulla oblongata into its substance. As the electr
touches the inferior fovea I surface and goes deeper in the tractus solitarius, a typical dou
peaked type I response is recorded (upper 3 tracings). On further lowering the recording el
trode to successively deeper points in the reticular formation, a double response is recordedi
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Fig. 1: iPotentials

evoked in the medulla oblongata on SLN stimulation.
The electrode track went through a
coronal section 1 mm anterior to obex. Electrode negativity recorded upwards,
Only short latency type I responses were recorded from the upper two points. On lowering the electrode
to point 3 and 4 type I responses were followed by long latency type n responses.
Speed of the sweep
was then reduced to obtain the whole of type U response. Positive-negative complexes of type IT responses were successively recordable at points 4, 5 and 6 till at point 7 only the positive potential change is
demonstrable.
In this and the next figure:-A=nucleus
ambigus, AC=ala cineus, CS=cortico-spinal
tract, DM=dorsal
motor nucleus of vagus, H=hypoglossal
nucleus, 10 and OC=inferior
olivary
nucleus, LN = lateral nucleus of reticular formation, ML= menial
lemniscus,
NC= nucleus
cuneatus,
NG=nucleus gracilis, NS=V nerve nucleus, NT=nucleus
of tractus solitarius, RF=reticular
formation,
TS=tractus solitarius.
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In figure 2, the data obtained from 30 cats is plotted in four serial sections of medulla
oblongata. It may be mentioned that the primary responses were obtainable from a region lar-

70

Manchanda

January 1972
Ind. J. Physiol. Pharmac.

and Aneja

Volume 16
umber 1

4MM
100·

3MM

w

0

2MM

:J
~

80·

a.::;

:;

1M M

d:
w
l!l
d:
tZ

60·

40·

w
U

a:
a.w

20·

Fig. 3: Effect of increasing the

Amplitude obtained with
that while the primary res
are markedly diminished
the open squares represe
Oscillographic records In
cted on the right side. •
evoked response. Bottot
of the lower two records

Fig. 2: Positive points of evoked responses

plotted on s rial ections of medulla oblongata
at
1 mm anteriorto obex to 4 mm rost ralwards. Filled triangles indicate the type I responses,
and the filled circles indicate double response composed both of type I and type n.

ger than what is depicted in this figure by about 2 mm both anteriorly and posteriorly,
secondary responses were essentially restricted to the area as shown in the figure.

but the

On exploring the contralateral side, the type I responses were never obtained, but type II
re ponses were elicitable on SL stimulation from the reticular formation
at almo t the same
restrocaudallevel
as from the ipsilateral reticular formation.
These responses had long latencies (7-50 msec) and were not preceded by the primary

re ponses.

A study of the refractory
characteristics of these responses showed that in all cases,
the primary responses could follow undistortedly an SL
timulation
frequency of 80-100 per
second signifying that these are the direct projections of SL ,probably
without
any interveoing synapse.
On the other hand, the secondary responses disappeared when the SLN stimuation frequency was increased to 10-30 per second (Fig. 3). This characteristic
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the long latencies, long durations, and high amplitudes of the secondary
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Fig. 3: Effect of increasing

the stimulation frequency on the amplitude of primary and secondary responses.
Amplitude obtained with a stimulation frequency of one every 5 seconds was considered 1.00%. Note
that while the primary responses can follow a stimulation frequency of SO-150/sec, the secondary responses
are markedly diminished at frequences of ID-20/sec. The closed squares represent the first peak and
the open squares represent the second peak of primary response.
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Oscillographic records from a point in the reticular formation just below the tractus solitarius are depicted on the right side. Top tracing indicates control sweep. The middle tracing indicates a complete
evoked response. Bottom tracing is a record when stimulation frequency was increased to 20/sec. Each
of the lower two records represents five successively superimposed tracings.

andin the nucleus ambiguus. Lam and Ogura (9) similarly reported direct and multisynaptic
responsesonly in the dorsal reticular formation beneath the hypoglossal nucleus. These authors
had used nembutal-anaesthetised preparations. More recently, Biscoe and Sampson (5) who
usedunanaesthetised decerebrate cats demonstrated negative field potentials by micro electrode
recordingin the solitary tract nucleus and the lateral reticular formation on SLN, aortic, corotid
and glossopharyngeal nerve stimulation. The observations of this study indicate that in cats
withthe cord sectioned at the level of C-2, SLN stimulation produces short latency primary
responsesnot only in the solitary tract and its nucleus but also in the dorsal motor nucleus of
vagus,trigeminal nucleus and the underlying reticular formation. Stimulation of SLN besides
evokingreflex deglutition, produces a large number of other reflexes involving the cardiovascular (12, 14), respiratory (2,7, 11 ,17) and gastrointestinal system (1). The findings of this study
willbe important in interpreting the nervous pathways employed by these reflexes. It may be
noted that histological studies employing degeneration techniques have already documented the
projection of vagal fibers into the nuclei of other cranial nerves (15,18).
The internal branch of the SLN which was stimulated in this study is essentially a sensorynerve (6). We have therefore not considered the possibility of any antidromicjcomponent
involved in the constitution of these responses. Although the type of recording employed in
thisstudy does not permit to differentiate whether the responses were presynaptic or postsynaptic, the fact that the primary responses continued to be obtained withoutl[decrease in ampli-
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tude even when stimulation frequency was increased to 150-200jsec. signifies that the respone
were obtained probably at the site of first order connections of the SLN. Later studies (un·
published) have shown that the stimulation of the solitary nucleus and its tract, and the dor
reticular formation which were the sites of SLN induced primary responses did evoke antidr
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The type II or secondary responses which had longer latencies and durations and we
0f high amplitude rapidly decayed when the stimulation frequency was increased to 15-25jsec
These characteristics suggest the field potentials due to intensive activity of the internunci
neurones involving multiple synapses. Lam and Ogura (9) reported such a response from ant
point in the dorsal reticular formation beneath the hypoglossal nucleus. Biscoe and Sampso
(3) also reported the change in the unit activity of reticular neurones on SLN stimulation. I
this study, the whole of medullary reticular formation was explored for various types of evok
potentials on SLN stimulation, and it was observed that the area of reticular formation whi
gets activated extends from obex to 4 mm anterior to it, and is situated upto 2.5-3 mm ventra
to the vagal nuclei and between 1-3 mm lateral to the midline. It is possible therefore that tb
area of reticular formation which receives both direct as well as muitisynaptic projections from
the SLN has a role to play in integrating the neuronal mechanisms employed in the swallowin,
and other reflexes elicited on SLN stimulation. Doty et al (5) studied the effect of medullan
lesions on the coordination of deglutition and suggested that an area within the medullary reti·
cular formation about 1.5 111m from midline, 1-3 mm dorsal to the inferior olive and at a le\
between the inferior olive and facial nucleus can be designated as the swallowing centre, Figure
2 of this paper depicts that the SLN evoked secondary responses were localized in approii
mately the same medullary zone as delimited of Doty et al (5) for the swallowing centre.
In the contralateral reticular formation, only secondary responses were obtained whir
indicates that the coordination between the two halves of the deglutition apparatus under a
ipsilateral sensory input as is given by SLN stimulation of one side occurs through the inte.
connections between the medullary reticular formation of the two sides. It is worth mention
ing here that Doty et al (5) were able to produce unilateral swallows on SL
stimulation b.
making longitudinal slits in the medulla to divide it into two unconnected halves.
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