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Summary. Immunohistochemistry was used to investi-
gate the distribution pattern of calcitonin gene-related
peptide (CGRP) nerve fibers in the laryngeal mucosa,
glands and intrinsic muscles of the dog. CGRP immuno-
reactive nerve fibers were found more frequently than
substance P immunoreative nerve fibers in every region
of the larynx. In the epithelia, CGRP nerve fibers were
mainly found in the epiglottis, arytenoid region and sub-
glottis. Many taste buds were observed in the arytenoid
region and were densely innervated by the CGRP nerve
fibers. In the lamina propria, the plexus of CGRP nerve
fibers was present, with some of these fibers associated
with blood vessels. Laryngeal glands were also inner-
vated by a few CGRP nerve fibers. In the intrinsic laryn-
geal muscles, abundant immunoreactivity was observed
and many motor end-plate-like structures were found
with CGRP immunoreactivity. These findings strongly
suggest that CGRP plays an important role in all of the
sensory, motor and autonomic nervous systems of the
larynx.
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Introduction

The innervation of the larynx by several kinds of neuro-
peptides in addition to the classical neurotransmitters
has been shown in previous reports such as ours which
demonstrated the distribution of substance P (SP) nerve
fibers in the canine larynx [6]. It is well known that cal-
citonin gene-related peptide (CGRP), one of these neu-
ropeptides, is distributed throughout the central and
peripheral nervous systems as a neurotransmitter or a
neuromodulator [9, 18]. Although the existence of CGRP
nerve fibers in the larynx has also been documented [9],
the details concerning its laryngeal innervation are still
lacking.
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In the larynx, sensorimotor innervation has an impor-
tant function that coordinates the complex and delicate
vocal cord movements and reflexes that influence the ac-
tivity of laryngeal motoneurons [20]. Autonomic inner-
vation is also important in regulating laryngeal blood
flow and secretion [4, 5]. It is therefore important to in-
vestigate in detail and systematically the existence of
CGREP in the larynx to help understand its fine sensory,
motor and autonomic innervations, since CGRP is con-
sidered to exist in these three nervous systems in other
organs [3, 17]. In the present study, we used immunohis-
tochemistry to attempt to demonstrate the detailed dis-
tribution pattern of CGRP nerve fibers in the mucosa,
glands and intrinsic muscles of the canine larynx.

Materials and methods

Five young dogs of both sexes, weighing 1-2.5kg, were used in
this experiment. Under deep anesthesia with i.p. pentobarbital
(30 mg/kg), each animal was perfused through the left cardiac ven-
tricle with 0.1 M phosphate-buffered saline (PBS) followed by ice-
cold fixative containing 4% paraformaldehyde, 0.2% picric acid
and 0.35% glutaraldehyde in 0.1 M phosphate buffer (PB). After
perfusion fixation, the larynx was removed and postfixed with 4%
paraformaldehyde and 0.2% picric acid in 0.1 M PB for 1 day. The
extirpated larynx was next immersed in 0.1 M PBS containing 20%
sucrose for 1 day. It was then sectioned at 20 um on a freezing
microtome. These sections were processed for immunohistochem-
istry. Free-floating sections were treated with 1% bovine serum for
1h and incubated with anti-CGRP serum (Amersham, X 5000) for
4 days at 4°C. Sections were then incubated with biotinylated anti-
rabbit IgG (x 1000) for 1 day and with avidin-biotin complex
(x 1000) for 1 day. Sections were washed in 50mM TRIS butffer.
This was followed by incubation with 0.01% 3,3’ diamidinoben-
zidine and 0.3% nickel ammonium sulfate. The sections were next
mounted on chrome-coated glass slides, air-dried and washed with
tap water. Finally, tissues were dehydrated in a graded series of
ethanol, cleaned in xylene and covered with Entellan (Merck,
Darmstadt, FRG).

Results

CGRP immunoreactive nerve fibers were found in every
region of the larynx. In the epithelia of the laryngeal mu-



cosa. CGRP nerve fibers were especially found in the
epiglottis, posterior glottis and subglottis (Table 1). In
the glottis, abundant CGRP nerve fibers were observed
in the posterior glottic epithelium, although there were

Table 1. Distribution of calcitonin gene-related peptide (CGRP)
terminals in the canine laryngeal epithelium

Region Epi- False  Glottis Subglottis
glottis cord Ante-  Poste-
rior rior
CGRP ++ + * +++ ++
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very few in the anterior glottis. Most of these fibers with
varicosities reached the surface of the epithelium and ap-
peared to be free-ended (Fig. 1A). In the epithelium of
the laryngeal surface of the epiglottis and the posterior
glottis, taste buds were observed and were densely in-
nervated by CGRP nerve fibers (Fig. 1B). In the lamina
propria, the plexus of CGRP nerve fibers was commonly
found and some of the CGRP nerve fibers were clearly
associated with blood vessels (Fig. 1C). No CGRP im-
munoreactive epithelial cells were found.

Many CGRP nerve fibers were found in the region of
laryngeal glands (Fig. 1D). Some of these fibers appeared
to terminate in glandular cells, while most fibers were
observed to lie parallel to blood vessels.

Fig. 1. A Subglottic epithelium:
free-ended nerve fibers with var-
icosities reach the surface of the
epithelium (—), x 440. B In the
epithelium of the arytenoid region,
many taste buds are observed and
densely innervated by the calcitonin
gene-related peptide (CGRP) nerve
fibers (—), X 440. C In the lamina
propria of the laryngeal epithelium,
the plexus of CGRP nerve fibers is
commonly found and some of these
fibers (—) are clearly associated with
blood vessels, X 440. D Many CGRP
nerve fibers are observed in the
glandular region and some of these
fibers (—) appear to terminate in
glandular cells, X 220

Fig. 2. Thyroarytenoid muscle having
abundant CGRP immunoreactivity in
the middle of the muscle (—), x 44.
Inset: Under high magnification, motor
end-plate-like structures with CGRP
immunoreactivity can be observed,

x 440
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In the intrinsic laryngeal muscles abundant immuno-
reactivity was also observed, as well as motor end-plate-
like structures with CGRP immunoreactivity (Fig.2).
Some CGRP fibers were also associated with blood ves-
sels. These findings were consistent in all intrinsic laryn-
geal muscles.

Discussion

In the present study, we have meticulously clarified the
distribution pattern of the CGRP nerve fibers in the
canine larynx using immunohistochemistry.

The larynx has three principle sets of intrinsic affer-
ent neural systems, operated respectively from receptors
located in the laryngeal mucosa, the capsule of the inter-
cartilaginous joints of the larynx, and the laryngeal mus-
cles themselves [20]. The present study showed that many
CGRP nerve fibers with varicosities reached the surface
of the epithelium and appeared to be free-ended, al-
though we could not detect CGRP nerve fibers in the
capsules of the intercartilaginous joints. This finding ag-
rees with Koizumi’s [8] neurchistological report that free
sensory nerve endings extend into the epithelial layers of
the laryngeal mucosa of the dog. CGRP is also now well
known to act as a neurotransmitter in the sensory ner-
vous systems [15]. Our present findings and these re-
ports strongly suggest that CGRP must have some re-
lationship to the sensory innervation of the larynx.

It is noteworthy that the quantity of CGRP nerve fib-
ers in the epithelia is different in the various regions of
the larynx. In the laryngeal mucosa, the existence of
pain receptors, mechanoreceptors and chemoreceptors
has been indicated physiologically [7, 16, 19]. From the
anatomical point of view, CGRP nerve fibers distributed
densely in the epiglottis and subglottis could participate
in mechanoreception and chemoreception. It should be
noted that CGRP nerve fibers were distributed abun-
dantly in the cartilaginous part of the vocal cord, al-
though very few CGRP nerve fibers were observed in
the membranous part of the vocal cord. This membran-
ous part is considered to be the vibratory structure and
no delicate sensory innervation is necessary. On the
other hand, the cartilaginous part of the vocal cord could
play an important role in mechanoreception for vocal
cord movement. It is now known that the arytenoid re-
gion and epiglottis are richly supplied with taste buds
[11, 13]. Nakano and Muto [11] reported that the taste
buds in the arytenoid region are considered to mediate
reflex responses of apnea and swallowing during chemi-
cal stimulation of the larynx. Terenghi et al. [18] report-
ed that CGRP nerve fibers innervate the taste buds in
the posterior surface of the epiglottis of the rat, although
the taste buds in the arytenoid region were not men-
tioned at all. Our present study showed that the arytenoid
region of the dog is richly supplied with taste buds and
these structures are also densely innervated by CGRP
nerve fibers. This finding and the role of the taste buds
in the arytenoid region stated above also indicate that
CGRP plays an important role in the sensory nervous
system of the larynx.

Regarding the neurotransmitter of the laryngeal sen-
sory system, we have already reported on the participa-
tion of SP [6]. The overlapping distribution of SP and
CGRP in the central and peripheral nervous systems is
currently known [2, 10]. In the present study, CGRP
nerve fibers were more frequently observed in the laryn-
geal epithelia, as compared with the lesser distribution
pattern of SP nerve fibers in the same tissues [6]. This
finding suggests that CGRP plays a more important role
than SP in laryngeal sensory innervation.

CGRP is now also known to be a neurotransmitter or
a neuromodulator in the autonomic nervous system [3].
Our present findings that the laryngeal glands and ves-
sels are innervated by CGRP nerve fibers reconfirm that
CGRP could be a neurotransmitter or a neuromodulator
of the laryngeal autonomic nervous system.

CGRP has been found in the motor neurons of a var-
iety of mammals [1, 14]. Takami et al. [17] reported that
CGRP pharmacologically enhances the muscle contrac-
tion of the diaphragm in stimulating the phrenic nerve.
New and Mudge [12] have suggested that CGRP may be
a motor-neuron-derived trophic factor that increases
acetylcholine receptor synthesis at vertebrate neuromus-
cular junctions. That the intrinsic laryngeal muscles are
innervated by CGRP nerve fibers suggests that CGRP
also participates in the laryngeal motor system, although
the exact function of CGRP is still unknown.

Our findings indicate that CGRP plays an important
role in all of the sensory, motor and autonomic nervous
systems of the larynx. What this role actually is remains
to be defined.
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