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such as pH or drug-induced sensitization to current effects
(it is possible that drugs alter the threshold of nerve
fibres to the excitatory or inhibitory effects of the ejecting
currents).

These results obtained with microiontophoretic drug
administration contrast with the paucity of axonal
effects induced by these drugs when added to the bathing
solution. This may be explained by the development of
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The Anterior Cranial Gustatory Pathway in Fish

It has long been known that the lips of fish are supplied
by cranial nerves V (trigeminal) and VII (facial), and that
taste buds on the lips or barbels are innervated by the
latter1- 2. Recent investigations on the peripheral neural
response of fish seem to support the innervation of taste
buds by the VIIth nerve®-5. Yet, investigations with
higher vertebrates suggest that the trigeminus is also
involved in the transmission of taste messages®: 7. Little
attention, however, seems to have been given to the
functional difference between the trigeminal and facial
nerves in fish®.

In this paper, an attempt was made to throw light on
the gustatory neural pathway of fish from the lips to the
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tachyphylaxis, as observed in the present experiments.
There are however scattered reports demonstrating in vitro
and in vivo axonal effects of acetylcholine-6:8-10 cate-
cholamines% 6,11, 12 histamine413: 14 and serotonin# 15,
The axonal receptors for neurcamines display specificity,
stereospecificity, and selective blockade by specific block-
ers?,

The functional significance of drug sensitive axonal
receptors is at present unclear. They may be devoid of
function, or they may serve as a target for the action of
diffusible neuromodulators (e.g. 2-phenylethylamine)
and of exogenous drugs.

Summary. The microiontophoretic administration of
putative neuromodulators (acetylcholine, norepinephrine,
dopamine, 2-phenylethylamine, tryptamine, histamine)
triggered firing or inhibited on-going activity in isolated
frog sciatic nerves.
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Fig. 1a) Lateral view of the brain
and cranial nerves of the puffer.
A, cerebellum; B, midbrain; C,
medulla oblongata; III, oculo-
motor nerve; IV, trochlear nerve;
V, trigeminal nerve; VII, facial
nerve; VIII, vestibular nerve; IX,
glossopharyngeal nerve; X, vagus
nerve.
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Fig. 1b) Major branches of the Vth and VIIth nerves as projected on
the right side of the puffer. V, trigeminal nerve; a, dorsal lateralis
root of VII; b, communis root of VII; ¢, ventral lateralis root of VII;
d, motor root of VII; 1, ramus opthalmicus superficialis (VII); 2,
ramus palatinus facialis; 3, ramus maxillaris (V + VII); 4, ramus
mandibularis (V 4 VII); 5, ramus buccalis facialis; 6, ramus hyo-
mandibularis (V-4 VII).
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Fig. 2. Neural activity of A) trigeminal and B) communis nerves in
response to stimulation of the upper lip of the puffer. Impulse dis-
charges (lower trace) and their integrated patterns (upper trace) are
shown. Bar under each recording indicates duration of stimulation.
Test solutions: from top to bottom, 5x10~% M uridine-5’-mono-
phosphate, 10~2 M proline, 2 M NaCl, 1 M NaSCN, sea water and
touch. Data were obtained from a single specimen.
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brain, using electrophysiological methods. The results
support the view that taste messages from the lips are
transmitted by the facial nerve only.

In fish, the Vth and VIIth nerve components are so
intimately wunited peripherally®:? that it is generally
difficult to discriminate one from the other. Therefore,
we attempted to record the neural activity from inside
the cranium.

Puffer, Fugu pardalis, were used. They were anesthe-
tized by placing them in 0.0029, MS 222 or 0.0019%, 4-
allyl-2-methoxyphenol for 5 min. The skull roof was
opened and mesenchymal tissues were removed under a
dissecting microscope to expose the Vth and VIIth nerves.
In this fish, shortly after the trigemino-facial complex
trunk enters the cranium, each of the two nerve com-
ponents runs separately toward a different center. At this
point, a complete identification of each component was
possible. The facial nerve comprises 4 groups of fibres,
each running separately into the brain (Figure 1a).
These 4 roots of the facialis are referred to as communis,
dorsal lateralis, ventral lateralis, and motor by HERRICK L.
Using a specimen weighing about 50 g, the electrical
activity of each of these bundles could be recorded by
inserting an electrode into the cranium, although technical-
ly this recording is more difficult than a peripheral one.
The topographical arrangement of the Vth and VIIth
nerves in the head region is illustrated in Figure 1b.
Both ramus maxillaris and ramus mandibularis, inner-
vating the upper and lower lip respectively, receive fibres
from the trigeminus and communis simultaneously. The
other components of the facial nerve do not innervate the
lips. :

To record from inside the cranium solely the activity
of the fibres innervating the upper lip, the ramus pala-
tinus, which receives fibres from the communis and
innervates the roof of the mouth, and the ramus mandib-
ularis were cut under the eye. The nerve bundle was
hooked on a platinum wire electrode, an indifferent
electrode being attached on the skull. The nerve activity
was amplified, displayed on a cathode-ray oscilloscope
and integrated with an electric integrator. NaCl, NaSCN,
HCIl, proline and UMP (uridine-5’-monophosphate)
which proved to be effective on the lip chemoreceptors of
the puiffer® 19, were employed as taste stimuli. The salts
were dissolved in distilled water and the other substances
were dissolved in artificial sea water. The taste solutions
were poured over the lip surface from a specially made
funnel with a cock. During experiments, the gills were
irrigated with sea water.

Afferent fibres of the communis were found to respond
to all of the taste solutions, while those of the trigeminus
did not respond to any of them, except for salts at
extraordinarily high concentrations. Figure 2 shows the
nerve discharges from the communis and trigeminus and
their integrated patterns upon application of various
taste solutions to the upper lip. Sea water elicited a posi-
tive response in both nerve preparations. However, this
response may be attributed to a mechanical stimulus
caused by the process of applying sea water. In the tri-
geminal nerve preparation, the magnitude and temporal
pattern of each of the integrated responses to test solu-
tions are quite similar to those for sea water or touch.
This suggests that these trigeminal responses are also
due to the mechanical stimuli. In the communis nerve
preparation, in contrast, the integrated response to each

9 1, Hipaka, S. Kivouara, M, Tapata and K. K. YoNEzawa, Bull.
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383 (1975).
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of HCl, UMP, proline, NaCl and NaSCN exceeds in
magnitude that to sea water. Also, the nerve discharges
elicited by these active taste solutions lasted for 1.5 sec
or more after beginning of stimulation while the reaction
to sea water ceased within 0.5 sec. The responses obtained
here with these taste solutions were similar in every
respect to those recorded more peripherally from the
ramus maxillaris of the puffer, as seen from Figure 3.
Detailed data dealing with the latter were reported
elsewhere® 1%, The results mentioned above suggest that
the taste message from the upper lip of the puffer to the
brain is transmitted by the communis fibres.
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Fig. 3. Neural activity of ramus maxillaris in response to stimulation

of the upper lip of the puffer. Impulse discharges (lower trace) and
their integrated patterns (upper trace) are shown. Bar under cach
recording indicates duration of stimulation.

Tendon Shortening in Striated Muscle

The adaptive response of oral striated muscle to a
maintained stretch has important implications to dental
practitioners. The length of oral muscles may changes as
a result of dental restorative or orthodontic treatment
procedures. Growth of bony parts also is accompanied
by an increase in the length of associated muscles. How-
ever, only a few studies have attempted to deal with the
adaptive response of skeletal muscle to maintained changes
in length. The functional properties of rabbit limb muscles
were shown by CRAWFORD?! to change directly with an
increase or decrease in range of motion of the limb.
GoLDsPINK? demonstrated a reversible change in the
number of serial sarcomeres in cat soleus muscle corre-
sponding to a maintained increase or decrease in passive
muscle tension. Shortening of the tendon of rat limb
muscle by SCHIAFFINO? resulted in only a temporary
change in muscle length and sarcomere length. The pre-
sent study describes changes in muscle belly length,
tendon length, and muscle sarcomere length resulting
from shortening of the tendon of an oral striated muscle.
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The trigeminus responded neither to 2 M NaCl nor to
1 M NaSCN, while the communis appeared to be respon-
sive to both the salts solutions (Figure 2). Still, the tri-
geminus was found to be responsive to NaSCN at high
concentrations such as 3 M or more. Similar responses to
salts have been recorded from the lingual nerve (trige-
minal) innervating the tongue of the rat?. In this case
also, the threshold concentration for NaCl is several times
higher than that of the chorda tympani (facial). In the
puffer, it was also noted that the response to NaSCN
developed more slowly than the responses of the communis
to other taste solutions, and the response to NaSCN
lasted for a long period after rinsing of the lip with sea
water, causing irreversible damage to the preparations.

From the fact that no responses could be obtained
inside the cranium from the trigeminus upon applying
taste solutions to the lower lip, while positive responses
were obtained from the mandibularis, it was concluded
that communis fibres (i.e. facial nerve) are involved also
in the transmission of taste messages from the lower lip.

Zusammenfassung. Mit Hilfe elektrophysiologischer Me-
thodik wurde an Fugu pardalis gepriift, ob Geschmacks-
sensationen von den Lippen iiber Trigeminus- oder
Facialisfasern dem Gehirn iibermittelt werden. Die Ergeb-
nisse unterstiitzen die Ansicht, dass ausschliesslich der
Facialisnerv bei diesem Vorgang beteiligt ist.
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Matervial and wmethods. The digastric (mandibular)
muscle of the mature male, New Zealand white rabbit
was the model of an oral muscle selected for this study.
The paired digastric muscle has a simple fibre arrange-
ment and a long, flat tendon. The tendon was shortened
by tying a portion of it into a loop with black silk suture.
Changes in muscle belly length and tendon length were
observed in this chronic study by measuring the distance
between metal markers that were implanted in the muscle
and tendon. The markers were visualized with radio-
graphs taken periodically. Details of the technique for
placing, radiographing, and measuring the distance be-
tween the metal markers have been reported elsewhere?,
Histologic slides were prepared of digastric muscles from
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