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Abstract : Reflex discharges of the hypoglossal nerve elicited by electrical stimulation of the palatal nerve
(PNS) were compared with those of the same nerve elicited by glossopharyngeal nerve stimulation (GNS)
in frogs. The results were as follows : 1. threshold of the stimulation for eliciting discharges was higher in
PNS than in GNS, 2. frequency and latency of the PNS-elicited discharges were lower and longer than those
of GNS, respectively, 3. the PNS-elicited discharges consisted of one component with short latency, while
those of GNS consisted of two components with short and long latencies, respectively, 4. the GNS-elicited
discharges were facilitated by conditioning PNS, 5. PNS elicited discharges only in the hyoglossal branch
of hypoglossal nerve controlling the tongue as a retractor, while GNS elicited discharges in the hyoglossal
branch that functions as a retractor, and in the intrinsic and genioglossal branches as protractors, 6. the PNS-
and GNS-elicited discharges were similar in characteristics to those elicited by tactile stimulation of the
palate and tongue, respectively.

These findings suggest that the sensory input from the palatal nerve polysynaptically elicits retraction of
the tongue for transport of bolus from the oral cavity into the pharynx, while that of the glossopharyngeal
nerve mono- and/or poly-synaptically elicits retraction and protraction of the tongue for bolus transport
and rejection, respectively.
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input from the oral cavity. Electrical stimulation of

Introduction the glossopharyngeal nerve elicits massive reflex
discharges in the hypoglossal nerve innervating the
The movement of the tongue during mastication tongue in frogs'~®. This indicates that the glossophar-

and swallowing is controlled by the reflex sensory yngeal nerve controls the reflex movement of the
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tongue for food intake.

Electrical and mechanical stimulation of the palate
elicit the reflex movement of the jaw in the rat and
cat*~®. The movement is occasionally accompanied by
movements of the tongue®~". Reflex EMG activity of
the extrinsic tongue muscle is elicited by electrical
and mechanical stimulation of the palate in the cat®!?.
These findings suggest that the sensory input from the
palate through the palatal nerve is an important fac-
tor in reflex jaw and tongue movements. However,
little is known about the reflex pathway from the
palatal nerve to the hypoglossal nerve in reflex tongue
movement.

The purpose of the present study was to determine
whether the reflex pathway for tongue movement is
mono- or poly-synaptic and how the reflex relates to
protraction and retraction of the tongue. Therefore,
reflex discharges of the hypoglossal nerve were inves-
tigated in the frog. First, the characteristics of the
discharges elicited by palatal nerve stimulation
(PNS) were compared with those elicited by glosso-
pharyngeal nerve stimulation (GNS) under various
experimental conditions. Secondly, the effects of con-
ditioning PNS on the reflex discharges were
examined. Thirdly, peripheral innervation of the
tongue was determined by recording the discharges in
some branches of the hypoglossal nerve controlling
tongue retraction and protraction. On the basis of the
results, the possible role of the sensory input from the
palatal and glossopharyngeal nerves is discussed in
relation to the reflex control of tongue movement.

Materials and Methods

Bullfrogs (Rana catesbeiana) were used throughout
the experiment. Frogs were anesthetized with MS-222
(ethyl m-aminobenzoate methansulfonate, 100 mg/kg
intraperitoneally) after slight ether anesthesia and
laid on their backs on a board. The frogs were
maintained under light anesthesia by additional
administrations of one tenth of the first dose to pre-
vent spontaneous movement. The hypoglossal nerve
after being dissected from surrounding tissues was cut
proximally, and attached to a pair of recording elec-
trodes in a small paraffin bath. The palatal and
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Fig.1 Schematic arrangement of the nerves, the stimulus
(S, and S,) and recording (R) electrodes in the
mouth of the frog. The genioglossal, intrinsic,
hyoglossal and styloglossal branches of the hypo-
glossal nerve, and their recording electrodes are
omitted to avoid a complication of the figure.

glossopharyngeal nerves were also freed and their
distal ends were mounted on the stimulus electrodes.
In some experiments, four branches of the hypoglossal
nerve (genioglossal, intrinsic, hyoglossal and stylog-
lossal branches) were separated and their discharges
were recorded. The arrangement of the stimulus and
recording electrodes on the nerve is shown in Figure 1.
The length of each nerve between the stimulus or
recording electrode and the proximal end emerging
from the brain stem was fixed at 13 mm.

For PNS and GNS, rectangular pulses of 0.1 msec
duration were used with changes in their number,
interval and intensity, and reflex discharges were
recorded from the ipsilateral hypoglossal nerve. The
discharges were monitored on an oscilloscope (Nihon
Kohden, VC-10) and stored on data recorder (TEAC,
R-61). The number of discharges was counted using a
histogram analyzer (Nihon Kohden, DAB-1100). Stu-
dent’s t-test was used to determine statistical signifi-
cance.

Latency of the reflex discharges was determined by
measuring the time between the onsets of the stimulus
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and discharges. However, the latency included time
required for conduction of both afferent and efferent
nerves of the pathway. Hence, the latency was
obtained by subtracting the conduction time of the
two nerves from the overall reflex latency. The con-
duction time was obtained in parallel experiments by
measuring the interval between a single pulse and its
elicited compound action potential in the nerve of 13
mm.

In the experiments on the effects of conditioning
stimulation on the reflex discharges, a conditioning
stimulus was applied to the palatal nerve, and then a
test stimulus was applied to the glossopharyngeal
nerve with successive change in time between the two
stimuli. For mechanical stimulation, the tongue and
palate were scratched with a glass rod.

Results

Stimulation for eliciting discharges

No significant spontaneous discharge was observed
in the hypoglossal nerve in the resting state. PNS with
a single pulse at intensity of 1.0 V elicited no reflex
discharge in the nerve even though the pulse intensity
was increased to 5.0 V. However, two or more train

PNS

pulses with intensity of 1.0 V at an interval of 10 msec
elicited discharges with a relatively long latency
(upper records in Fig. 2). In contrast, GNS with both
single and two-train pulses elicited massive dis-
charges. Both discharges were similar in pattern and
latency (lower records in Fig. 2).

These results show that the discharges elicited by
PNS are closely related to the number of stimulus
pulses in contrast to those elicited by GNS. Therefore,
the relationship between the pulse number of PNS
with change in pulse interval and the discharge num-
ber of the hypoglossal nerve was examined. As sum-
marized in Figure 3, the discharges increased and then
decreased in number depending on the stimulus pulse
number regardless of difference in pulse interval.
However, the rates of increasing and decreasing dis-
charges became higher, and the attaining time to a
maximum became shorter in reverse proportion to the
pulse interval of stimulation. Although the stimulus
pulse number and interval were different with each
stimulation, the maximum of discharge number with
all stimulus conditions almost showed a constant
value. From these finidngs, two-train pulses with 10
msec interval were most effective for eliciting dis-
charges.

Fig.2 Reflex discharges of the hypoglossal nerve elicited by
PNS and GNS with single pulse (A) and two-train
pulses with interval of 10 msec (B) at intensity of 1.0 V.
The dot in each record indicates a stimulus artifact.
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Relationship between the pulse number of PNS
with change in pulse interval and number of dis-
charges in the hypoglossal nerve. The pulse inter-
val is represented by 10 (@), 20 (O), 50 (M) and
100 msec ([J). Each point in the figure shows mean
value obtained from seven frogs, and its SD is
omitted to avoid a complication of the figure.

A pns GNS

The discharges elicited by GNS with a single and
two-train pulses of 1.0 V were very similar in fre-
quency, amplitude and latency. Therefore, in the fol-
lowing comparison between the discharges elicited by
PNS and GNS, single pulse was used for GNS and two
-train pulses were used for PNS.

Comparison between discharges elicited by PNS and

GNS

The reflex discharges of the hypoglossal nerve
elicited by PNS and GNS at different stimulus inten-
sities were compared (Fig.4-A). PNS with intensity
of 0.3V elicited no reflex discharge. Increasing the
intensity up to 0.5V or more elicited discharges. The
discharges increased in frequency and duration, and
were saturated depending on the intensity. In contrast,
the GNS with intensity of 0.3V elicited reflex dis-
charges. They increased in frequency and duration in
the same way as those of PNS with increasing the
stimulus intensity. However, the discharges elicited by
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Fig.4 A : Reflex discharges of the hypoglossal nerve elicited by PNS and GNS with change in stimulus
intensity. B : Relationship between the stimulus intensity and discharge number. C : Relation-
ship between the stimulus intensity and discharge latency. The latency was significantly longer

in PNS than in GNS (P<0.01)
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PNS was lower in frequency than that of GNS, as
summarized in the relationship between the stimulus
intensity and discharge number (Fig.4-B). The
threshold for PNS-elicited discharges was 0.5V, and
the discharge number increased with stimulus inten-
sity up to 1.0 V where the number reached a plateau.
There was a similar relationship with GNS, but the
discharge number was higher than PNS over a whole
range of stimulus intensity.

The relationship between the stimulus intensity of
PNS and GNS, and the latency of discharges is shown
in Figure 4-C. The latency was revised by subtraction
of conduction time in the peripheral afferent and
efferent nerves. The conduction time was 0.76+0.16
msec (n=14) in the palatal nerve, 0.74+0.13 msec
(n=14) in the glossopharyngeal nerve and 0.67+0.10
msec (n=10) in the hypoglossal nerve (each nerve 13
mm). The latency of the discharges elicited by PNS
was at its maximum with stimulus intensity of 0.5V ;
the latency decreased with increase of stimulus inten-
sity and attained a steady minimum (18.4+2.5 msec,
n=12) at 1.0 V. In contrast, the much shorter latency
of the discharge elicited by GNS was nearly constant
(2.2+1.3 msec, n=12) regardless of the change in
stimulus intensity. The latency was longer in PNS
than in GNS (P<0.01).

Discharge pattern with change in stimulus intensity

To elucidate the difference in pattern between the
reflex discharges of the hypoglossal nerve elicited by
PNS and GNS, the discharge number was counted at
2 msec intervals by a histogram analyzer. Figure 5
shows the discharge count sequences of the reflex
discharges with change in stimulus intensity, which
were the sum data of 30 experiments. The discharges
elicited by PNS increased in frequency with increas-
ing stimulus intensity up to 2.0 V and remained un-
changed thereafter, and the pattern consisted of one
component with a relatively long latency (18.4+2.5
msec) and constant duration (60 msec on average)
regardless of change in stimulus intensity.

Conversely, the discharges elicited by GNS at low
intensity showed a component with a short latency
(2.2+1.3 msec), which was followed by a subsequent
component with a long latency (12.9+2.8 msec) de-

pending on the stimulus intensity. Both initial and
subsequent components of the discharges were finally
incorporated into one component at the intensity of
1.0 V. Therefore, the discharge duration became lon-
ger with increasing intensity, and the final duration
was 60 msec on average. From both series of the
discharge patterns, the maximal intensity of stimula-
tion was estimated as 1.0 V for PNS and GNS.

Effects of conditioning PNS on veflex discharges

The data described above clearly indicate that both
the palatal and glossopharyngeal nerves synaptically
connect to the hypoglossal motoneuron in the brain
stem, and suggest that the number of connecting
fibers is smaller in the former than in the latter.
Therefore, to determine the input of the palatal nerve
in relation to that of the glossopharyngeal nerve on
the activity of the hypoglossal motoneuron, effects of
conditioning PNS on the GNS-elicited discharges of
the hypoglossal nerve were examined with changes in
interval between PNS and GNS as shown in Figure 6
-A. For conditioning PNS and test GNS, two-train
pulses with 10 msec interval and a single pulse at a
supramaximal intensity of 2.0 V were used, respective-
ly. As shown in Figure 6-B, at first, discharges elicited
by test GNS without application of conditioning PNS
were recorded as the control. Successive application
of conditioning PNS and test GNS with interval of
1,000 msec elicited discharges, respectively, but the
GNS-elicited discharges remained unchanged in num-
ber, duration and pattern compared with those of the
control (PNS-elicited discharges not shown). When
the interval between conditioning PNS and test GNS
(C-T interval) was successively shortened from 1,000
msec, the discharges were increased, and then de-
creased in frequency and duration depending on the
shortness of the interval.

Figure 6-C shows the relationship of the C-T inter-
val to the number of GNS-elicited discharges. In the
figure, the ordinate shows the relative number of
discharges compared with that of the control. The
conditioning PNS increased the number of discharges
at the interval range from 10 to 100 msec. The interval
to elicit a maximum discharge was 33 msec on aver-
age. Thus, the conditioning PNS facilitated GNS-



252 Jon. J. Oral Biol., 39 : 247-256, 1997.

PNS GNS
0 60
03v “
10 20
[} T T T — o T T T
0 30 ) % 0 30 60 20
r )
- 40
o5V
10} 20
(1] )
(/] 30 60 90 ] 30 60 90
30 60
20 40
1.0V
10
1]
0 330 60
30 )
20 )
20V
10 20
0 (1]
0 30 60 90 msec 0 30 60 90 msec
Fig.5 Discharge count sequences of the reflex discharges in the

hypoglossal nerve elicited by PNS and GNS at various
stimulus intensities. Each sequence represents the sum of
discharge number at 2 msec intervals obtained from 30

experiments.

elicited discharges at the appropriate period of the
interval.

Discharges of branches in hypoglossal nerve

To understand the tongue movement elicited by
PNS and GNS, reflex discharges were recorded from
the genioglossal, intrinsic, hyoglossal and styloglossal
branches of the hypoglossal nerve (Fig.7). For PNS
and GNS, two-train pulses with interval of 10 msec
and intensity of 1.0V, and a single pulse with in
intensity of 1.0 V were used, respectively. PNS elicited
discharges only in the hyoglossal branch innervating
the tongue as a retractor. In the other three branches,
no discharge was elicited when the intensity was
increased up to 5.0 V. In contrast, GNS elicited dis-

charges in three branches : the hyoglossal branch
innervating the tongue as a retractor, and the genio-
glossal and the intrinsic branches that function as
protractors. Neither PNS nor GNS elicited discharge
in the styloglossal branch.

Discharges elicited by mechanical stimulation

When the palate and tongue of the frog were
stimulated mechanically with movement of a glass
rod, reflex discharges were recorded from the hypo-
glossal nerve (Fig.8). The discharges elicited by
palatal stimulation were low in frequency and long in
latency compared with those of tongue stimulation.
These characteristics were similar to those elicited by
electrical PNS and GNS. The latency of discharges
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Fig. 6 Effects of conditioning stimulation on the reflex discharges. A : Arrangement of the electrodes

placed on the nerve. B : Record a shows the reflex discharges of the hypoglossal nerve elicited
by test GNS without application of conditioning PNS as control. Records b to d show the
discharges elicited by test GNS 100, 33 and 10 msec after application of conditioning PNS,
respectively. Each record does not show the discharges elicited by the conditioning PNS.
C : Relationship of the interval between conditioning PNS and test GNS (C-T interval) to the
relative number of discharges in contrast to that of control (100%). The data were obtained
from seven frogs, and the symbol of * shows significant increase in discharge number compared
with that of control (P<0.05).
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Fig. 7 Reflex discharges elicited by PN S and GNS of 1.0V in four branches of the hypoglossal nerve, which
innervate the tongue for its protraction and retraction.
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Fig. 8 Reflex discharges of the hypoglossal nerve elicited
by tactile stimulation of the palate and tongue with
movement of a glass rod. The horizontal bar
beneath each record indicates the stimulus dura-
tion.

was estimated at 30 msec for the palatal stimulation
and 10 msec for the tongue stimulation, respectively.
These latencies of mechanical stimulation were much
longer than those of electrical stimulation as
mentioned above.

Discussion

It is known that the GNS elicits reflex discharges in
the hypoglossal nerve innervating the tongue in
frogs'~®. The present study has confirmed this, and
has shown that PNS also elicited reflex discharges in
the hypoglossal nerve. However, the discharges elicit-
ed by PNS are in many respects different from those
of GNS. These findings suggest that the tongue is
regulated by the sensory input from the palatal nerve
in parallel with that from the glossopharyngeal nerve,
although the regulation by the two nerve inputs dif-
fers.

The reflex discharges of the hypoglossal nerve
elicited by electrical PNS were similar to those elicit-
ed by mechanical stimulation of the palate, but the
latency of discharges was much shorter in the electri-

cal stimulation than in the mechanical stimulation.
Results similar to that of PNS and palatal stimulation
were observed by electrical GNS and mechanical
stimulation of the tongue. These findings were in
agreement with the work of Hellstrand in experi-
ments using cats'®. The latency of EMG activity in
the extrinsic tongue muscle elicited by mechanical
stimulation of the palate in 30-35 msec, which is much
longer than by electrical stimulation of the palate
(about 10 msec). The retardation of the discharge
latency elicited by mechanical stimulation may be due
to converting the mechanical stimulus into the dis-
charges of the nerve.

The conduction times of the palatal and glossophar-
yngeal nerves at 13 mm were 0.76+0.16 and 0.74+0.13
msec, respectively. From the conduction time, the
conduction velocity of the palatal nerve calculated
(17.1 m/sec) was almost the same as that of the
glossopharyngeal nerve (17.6 m/sec), and the value of
the glossopharyngeal nerve was in approximate agree-
ment with that of mechanosensory fibers in the frog
tongue®'. Although the conduction velocities of the
two nerves were identical, the pattern of the reflex
discharges elicited by PNS in the hypoglossal nerve
consisted of one component with long latency (18.4+
2.5 msec), while that of GNS was consisted of two
components with short and long latencies, respectively
(22+1.3 and 12.9+2.8 msec). These findings suggest
that the palatal nerve contains mechanosensory
fibers, but that its synaptic connection to the hypog-
lossal nerve differs from that of the glossopharyngeal
nerve fibers. According to Lowe et al.®, EMG activity
in the extrinsic muscle of the tongue elicited by elec-
trical stimulation of the palate had a long latency in
cats®. Araki and Otani'? reported that the synaptic
latency of the monosynaptic reflex in the frog spinal
cord is 1.3-2.7 msec. Therefore, one component of the
discharges with 18.4 msec in latency elicited by PNS
indicates that the palatal nerve fiber is polysynaptical-
ly connected to the hypoglossal motoneuron in frogs.

In contract GNS elicited discharges consisting of
two components with short and long latencies, respec-
tively. The discharges are consistent in pattern with
the glossopharyngeal-hypoglossal nerve reflex as has
been reported for the frog and toad“?'*'9, Matsu-
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shima et al.'® reported that the glossopharyngeal
nerve connects with the hypoglossal motoneuron
through mono- and poly-synaptic pathways in the
toad, and the latencies of mono- and poly-synaptic
pathways are 1-4 and 3-11 msec, respectively. There-
fore, the two components of the discharges in the
hypoglossal nerve elicited by GNS may be ascribed to
mono- and poly-synaptic pathways of the reflex,
respectively.

The tongue is innervated by branches of the hypo-
glossal nerve for complicated movement. In the frog,
the hypoglossal nerve is classified into two branch
types, one innervates protractor muscles and the other
innervates retractor muscles!®. The genioglossal and
intrinsic branches belong to the former, and the hyo-
glossal and styloglossal branches belong to the latter.
PNS elicited discharges only in the hyoglossal branch,
while GNS elicited discharges in the hyoglossal, intrin-
sic and genioglossal branches. These findings indicate
that the sensory input from the palatal nerve mainly
controls the retraction of the tongue, while that from
the glossopharyngeal nerve controls both protraction
and retraction.

The reflex discharges of the hypoglossal nerve
elicited by the GNS were facilitated by the condition-
ing stimulation of the palatal nerve. The discharges
increased in number and duration in a range from 10
to 100 msec of intervals between conditioning and test
stimuli. Facilitation similar to the present findings has
been observed in EPSP of the hypoglossal motoneuron
by application of the conditioning stimulation of glos-
sopharyngeal nerve in the frog'® and cat'®!”. It is
suggested, therefore, that the conditioning stimulation
temporally and spatially facilitates the activity of
hypoglossal motoneurons, resulting in the enhance-
ment of discharge number. In addition, the tongue
retraction elicited by sensory input from the glosso-
pharyngeal nerve may be enhanced by a preceding
input from the palatal nerves.

There have been many studies concerning EPSP
and IPSP of the hypoglossal motoneuron in a variety
of animals'®~?". However, little literature is available
concerning those of PNS. Morimoto ef «/.'® and
Lowe?® demonstrated that stimulation of the cat lin-
gual nerve produces EPSP, or EPSP followed by IPSP

in the retractor hypoglossal motoneuron, and IPSP in
the protractor hypoglossal motoneuron. According to
electromyography, the latency and prolonged duration
of the activity in the extrinsic muscles of the tongue
elicited by the lingual stimulation are similar to those
of PNS in cats'®. These findings suggest that PNS
evokes EPSP in the retractor motoneuron and IPSP in
the protractor motoneuron. In the present experiment,
PNS elicited the reflex discharges only in the hyglos-
sal branch innervating retractor motoneurons. There-
fore, the discharges may be caused by EPSP in the
retractor hypoglossal motoneuron. In contrast, GNS
elicited discharges in the retractive and protractive
branches. The discharges correspond to GNS-elicited
EPSP in the retractor and protractor motoneurons of
various animals'*'*?®, Therefore, the GNS-elicited
discharges of the retractive and protractive branches
may be caused by EPSP in each motoneuron.

There is a regional difference in stimulus effect of
the jaw-opening reflex elicited by electric stimulation
of the oral mucosa in the cat and rat®*=". In the cat,
mechanical stimulation of the posterior palate elicits
a jaw-closing reflex, while stimulation of the anterior
palate elicits jaw-opening reflex??. According to
Tomomune and Takata?", electrical stimulation of
the superior laryngeal nerve with train pulses elicits
EPSP in the retractor hypoglossal motoneurons and
IPSP or EPSP followed by IPSP in protractor hypo-
glossal motoneurons in the cat. These findings suggest
that the retractor motoneuron is activated and the
protractor motoneuron is inhibited during the bucco-
pharyngeal stage of swallowing. Therefore, the PNS-
elicited discharges obtained in the present study may
elicit retraction of the tongue together with jaw-clos-
ing for the transport of bolus, from the oral cavity to
the pharynx in the swallowing process in the same
manner as those of the superior laryngeal nerve.

In contrast, the GNS-elicited discharges differ in
function from PNS-elicited discharges, because the
discharges cause the tongue to retract and protract.
The discharges may ascribe to different function of
transport and rejection in food intake. Thus, the
sensory inputs from both the palatal and glossophar-
yngeal nerves may alternatively enhance bolus trans-
port because the conditioning stimulation of the pala-
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tal nerve facilitated the GNS-elicited discharges of
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the hypoglossal nerve.
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