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Abstract. The distribution of peptide-containing
nerve fibers in the pharyngeal region of rabbits
was studied by immunocytochemistry. Neuropep-
tide Y (NPY)-containing fibers were numerous
around blood vessels and moderate in number
among bundles of striated muscle fibers. A few
NPY-containing fibers were seen around seromu-
cous glands and beneath the epithelium. Nerve
fibers containing vasoactive intestinal peptide
(VIP) were numerous around scromucous glands
and moderate in number around blood vessels,
bundles of muscle, and in the subepithelial layer.
A few nerve fibers containing substance P (SP)
were secen around blood vessels, seromucous
glands, among bundles of muscle, and in the sub-
epithelial layer. Nerve fibers containing calcitonin
gene-related peptide (CGRP) were numerous.
They were distributed close to blood vessels,
among bundles of muscle, in the subepithelial
layer, and within the epithelium. A conspicuous
finding was the occurrence of CGRP within motor
end plates of striated muscle.
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The pharynx has a wide variety of functions perti-
nent to swallowing, respiration, and perception 1,
2]. Basic knowledge about the nervous control of
the pharynx and cervical esophagus is not well doc-
umented. Vascular tone, exocrine secrction, and
other epithelial functions are thought to be regu-
lated by sympathetic, parasympathetic, and senso-
ry nerve fibers. The occurrence of nerve fibers con-
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taining ““classic™ neurotransmitters, such as nof-
adrenaline and acetylcholine, and neuropeptides 18
well established in the upper respiratory tract an

lower esophagus [3, 4]. Less attention has been giv-
en to a possible peptidergic nerve supply of the
pharyngeal region. We have recently found that
the nerve-mediated contractions of pharyng.ﬁ’c11
muscle are partially resistant to autonomic recep-
tor blocking agents, suggesting the presence of
other potential transmitters [5]. We therefore
thought it of interest to examine the occurrence
and distribution of peptide-containing nerve fibers
in the pharynx and cervical esophagus of rabbits.

Materials and Methods

Five rabbits weighing 1.7-3.0 kg were used. The animals wer¢
killed by an overdose of pentobarbitone. Specimens, including
the surface cpithelium, were dissected from four regions: the
middle pharyngeal constrictor muscle, the inferior pharynt,'eh_ll
constrictor musele, and the cricopharyngeal muscle. In addi-
tion, specimens from the cervical part of the csophagus werc
removed. )
The specimens were fixed by immersion in an ice-cold mix-
ture of 2% formaldehyde and 15% of a saturated aqueous
picric acid solution in 0.1 M phosphate buffer (pH 7.2) for 12 h-
They were then rinsed in a Tyrode solution containing 10%
sucrosc for 48 h, frozen on dry ice, and scctioncd at 10 pm
thickness in a cryostat. The specimens were processed for the
immunocytochemical demonstration of neuropeptide Y (NPY?~
vasouctive intestinal peptide (VIP), substance P (SP), and calcl-
tonin gene-related peptide (CGRP) using the indirect immuno-
fluorescence method [6]. Details on the antisera are given i
Table 1. The sections were exposed to the antisera for 24 h
at 4°C in a moist chamber. The site of the antigen-antibody
reaction was revealed by application of fluoresccin isothiocydn”
ate-labeled antibodics against immunoglobulin G (Milab.
Malmo, Sweden) in a dilution of 1:320 for 1 h at room tempera-
ture. Control sections were exposed to antiserum that had been
preabsorbed with an excess amount of the antigen (10-100 P&
of synthetic or pure natural peptide per ml diluted antiserum)-
The antisera did not cross-react with the other peptides exam-
ined. However, cross-reaction with other peptides or proteins
containing amino acid sequences recognized by the different
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Table 1. Details of the antisera used for immunocytochemistry

21

Code

Raiscd in Working

Antigen Raised against Directed Source
against dilution

NPys G 26 Protein-conjugated - Goat 1:640 T. Schwartz,

porcine NPY Copenhagen, Denmark
Vip® 8701 Unconjugated purc N-terminus Guinea pig  1:640 Milab, Malmo, Sweden
Spe N-Cl/34 Protein-conjugated SP C-terminus Monoclonal 1:80 Seralab,

Oxford, UK

CGRpP* 8513 Protein-conjugated Guinea pig  1:640 Milab, Malmd, Sweden

rat CGRP

® No cross-reaction with peptide YY or pancreatic polypeptide.
® No cross-reaction with PHI

“ The SP antiserum cross-reacts with physalaemin but not with any other known neuropeptide.
4 The CGRP antiserum does not cross-react with any other known neuropeptide.

daatiscra cannot bc excluded. The immunoreactive material
should therefore appropriatcly be referred to as NPY-like, VIP-
like, and so on. For brevity, however, the shorter terms (NPY,
VIP) are often used.

Results

On the whole, the supply of peptide-containing
nerve fibers in the pharynx was moderately dense.
Clear differences in the innervation density were,
however, noted both between different peptides
and different regions and tissue components (Ta-
ble 2).

Middle Constrictor

A rich supply of NPY-containing fibers sur-
rounded small blood wvessels and a moderate
number of NPY-containing fibers was seen among
bundles of striated muscle. Only a few NPY-con-
taining fibers were seen among the seromucous
glands. VIP-immunoreactive fibers were numerous
in the glandular area. In addition, such fibers were
seen in moderate numbers around blood vessels,
in between bundles of striated muscle, and in the
subepithelial layer. CGRP-containing fibers were
numerous in the striated muscle. They were seen
scattered among the muscle bundles and often ter-
minated in motor end plates. CGRP-containing
fibers also occurred around blood vessels and in
nerve bundles passing through the area. In the sub-
epithelial layer a rich supply of CGRP-containing
nerve fibers was encountered, and a few fibers were
seen to penetrate into the epithelium. A few SP-
containing fibers were seen in the supepithelial
layer and in between the muscle bundles (see
Fig. 4B). SP-containing fibers were not seen in as-
sociation with motor end plates.

Table 2. Relative frequency of peptide-containing nerve fibers
in the pharynx and cervical esophagus of the rabbit

CGRP SP

Area Cell type NPY VIP
Middle Epithelium 0 0 + +
pharyngeal Glands + +++ 0 0
constrictor Muscie ++ + +4++ +
Blood vessels +++ + + + 0
Inferior Epithehum 0 0 ++ +
pharyngeal Glands + +++ O 0
constrictor Muscle ++ + + + +
Blood vessels +++ + +4++ +
Crico- Epithelium 0 0 +++ +
pharyngeal Glands + + 4+ 4+ + 0
region Musclc + ++  ++ o+
Blood vessels + + ++ ++ 0
Cervical Epithelium 0 0 0 0
esophagus Glands 0 +++ + +
Muscle + ++ ++ 0
++ ++  ++ 0

Blood vessels

The relative frequency was graded arbitrarily: 0, no fibers; +,
few: + +, moderate number: + + 4, numerous.

Inferior Constrictor

NPY-containing fibers were numerous around
blood vessels. In addition, a moderate supply of
NPY-containing fibers was seen among bundles
of striated muscle (Fig. 1A). NPY-containing
fibers were sparse among the mucous glands and
in the subepithelial layer. VIP-containing fibers
were numerous among the seromucous glands in
the submucosa and in the subepithelial layer. A
few fibers were seen among the muscie bundles.
A moderate supply of CGRP-containing fibers was
seen among bundles of muscle and in small nerve
bundles passing through the area. The CGRP-con-
taining fibers often terminated on motor cnd plates
(Fig. 2B). A rich supply of CGRP-containing
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Fig. 1. A An NPY-immunorcactive nerve fiber hetween bundles of skeletal muscle in the inferior constrictor region. B NPY-
containing nerve fibers distributed among small scromucous glands in the cricopharyngeal region. ( x 225).

fibers was scen among blood vessels, in the subepi-
thelial layer, and within the epithclium. SP-con-
taining fibers were few and occurred around blood
vessels and in between bundles of muscle.

Cricopharyngeal Ared

A moderate supply ol NPY-containing fibers was
seen among blood vesscls, scromucous glands
(Fig. 1 B), and in the subepithelial layer. Only few
fibers were seen among bundles of muscle. VIP-
containing fibers were numerous among the sub-
mucous glands and in the subepithehal layer. They
were moderate in number around blood vessels
and among bundles of muscle. Numerous CGRP-
containing fibers were seen in the surface cpitheli-
um (Fig. 2A) and in the subepithelial layer.
CGRP-containing fibers also  occurred around
blood vessels and between bundles of muscle. A
proportion of these latier fibers was seen in associ-
ation with motor ¢nd plates. SP-containing fibers
were few in the subepithelial layer and among the
muscle bundles.

Cervical Esophagus

NPY-containing fibers were secn in moderat¢
numbers around blood vessels and in the subept-
thelial layer. A few fibers occurred between the
muscle bundles and in small plexus formations 10~
cated between the longitudinal and circular muscle
layers. VIP-containing fibers were particularly nu-
merous among the seromucous glands and in the
subcpithelial layer (Fig. 3A). A moderate supply
was scen around blood vesscls and between the
muscle layers. Occasionally, VIP-immunorcactive
nerve cell bodies and ncrve fibers could be scetl
in small plexus formations between the musclC
layers (Fig. 3B). Also CGRP-containing fibers
were numerous in such plexus formations. In addi-
tion, CGRP-storing libers were seen between bun-
dles of striated muscle. Some of the fibers termin-
ated on motor end plates. In addition, CGRP-con-
taining fibers were scen around blood vessels and
among scromucous glands. A rich supply of
CGRP-containing fibers was encountered in the
subepithelial layer. SP-containing fibers were few
in the subepithelial layer and among seromucous
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Fig. 2. A CGRP-immunorcactive nerve fibers in the surface epithelium of the ericopharyngeal arca. B Motor end plates containing
CGRP in the inferior constrictor area ( x 225).

glands. Numerous SP-containing fibers could be
scen in association with small plexus formations
(Fig. 4A).

Discussion

The anatomy of the pharynx differs markedly from
the esophagus: the intramural ganglia are incon-
spicuous in the pharynx while they are regularly
seen and more prominent in the wall of the esopha-
gus. Recent in vitro findings have shown that
nerve-mediated contractions of pharyngeal muscle
segments of the rabbit may be partially resistant
to blockade of the cholinergic (nicotinic) receptors,
and that these persisting contractions arc not af-
fected by autonomic receptor blocking agents [5].
It is interesting that the present study has shown
that motor cnd plates of the pharyngeal striated
muscle arc immunorcactive to CGRP. Thus,
CGRP is a potential transmitter involved in the

nerve-cvoked contractions of the rabbit pharynx
that were not blocked.

In the rabbit, the pharyngeal constrictors are
supplied with a nerve plexus formed on the surface
ol the middle constrictor by branches of the vagal
and glossopharyngeal nerves and the sympathcetic
trunk [7]. Noradrenaline-containing nerve fibers in
the esophagus are distributed in the lamina mus-
cularis mucosa, submucosa, muscle layers, and
around myenteric ganglion cells [8]. The present
study revealed that the distribution of peptide-con-
taining nerve fibers was similar in the constrictors
and the cricopharyngeal arca. In general, a rich
supply of NPY-containing tibers was secen around
blood vessels and a moderate number occurred
among the muscle bundles. Previous double immu-
nostaining experiments have revealed that a major
population of the NPY-containing nerve fibers
contains also noradrenaline (sympathetic nerve
{ibers). whereas a minor population of NPY-con-
taining {ibers stores VIP (nonadrenergic fibers) [9.
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Fig. 3. A A rich supply of VIP-containing nerve [ibers in the subepithelial layer of the cervical esophagus. B A small ganglionie
formation displaying VIP-immunorcactive nerve cell bodies and nerve fibers between the bundles of muscle in the cervical esophagus.
ep, epithelium (x 225).

10]. The physiological significance of this coex-
istence has been evaluated on isolated blood vessels
and an cnhancement ol the vascular responsc to
cleetrical stimulation and to exogenous adrenaline
has been reported in the presence of NPY [9]. A
possible consequence of this enhancement is 4 re-
duction of the noradrenaline demand, with an im-
provement ol the noradrenaline “cconomy ™ at the
ncuroeffector junction [11]. 1t is conceivable that
the majority of NPY-containing fibers in the rabbit
esophagus are sympathetic and emanate from cer-
vical sympathetic ganglia.

A particularly rich supply of VIP-containing
fibers was seen among the scromucous glands.
VIP-containing fibers were regularly scen also
around blood vessels and in the subepithelial layer.
This distribution fits well with the known actions
of VIP: stimulation of secretion from seromucous
glands and potent vasodilation [12].

CGRP-containing fibers were numerous in the

rabbit pharynx. They were seen close to blood ves-
sels, among bundles of muscle, in the subcpilhcliul
layer, and within the epithelium. A conspicuous
finding was the occurrence of CGRP within the
motor cnd plates. It has previously been shownd
that CGRP occurs with acetylcholine in motor-
neurons and that CGRP modulates the action of
acetylcholine on motor end plates [13). Tt has fur-
ther been suggested that CGRP may cause an in-
crease in the number of acetylcholine receptors
[14]. In the esophagus of rat, cat, and monkey @
rich supply of CGRP-containing nerve fibers h{'-‘-
been observed: also here CGRP can be seen I
the motor ¢nd plates of striated muscle [15]. D
a subpopulation of sensory neurons, CGRP is col-
ocalized with SP [16, 17]. Treatment with the sen-
sory neurotoxin capsaicin has been found to reduct
markedly the number of CGRP-containing fibers
in all layers of the esophageal wall, which suggests
that these fibers are of sensory origin. Howevcr.
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Fig. 4. A A ganglionic formation between the muscle layers in the cervical esophagus surrounded by SP-immunoreactive nerve
fibers. B A nerve bundle displaying SP-immunorcactivity in the skeletal muscle layer of the middle constrictor arca ( x 225).

no change was scen in the frequency of CGRP-
immunorcactive motor end plates [15]. A portion
of the CGRP-containing fibers originated in the

nodose ganglion, as shown by a marked loss of
intra- and subepithelial fibers after extirpation of

this ganglion. No effect could be detected in the
frequency of CGRP-immunoreactive motor end
plates. Also. no effect could be seen on the CGRP
fibers that were associated with the myenteric plex-
us [15].

In the present study, SP-containing libers were
mainly distributed close to blood vessels and sero-

mucous glands. In contrast to the rich supply of

CGRP in the subepithehial layer and in the epitheli-
um. only tew SP-containing fibers were present in
these arcas, and SP was not observed in association
with the motor end plates. Thus, the SP as well
as the CGRP fibers, besides having a nociceptive
role. may mediate antidromic vasodilatation and
enhance secretion from seromucous glands. In the
cervical part of esophagus, SP-containing nerve
cell bodies were found in the mycenleric plexus.
which indicates a local origin of such fibers.

On the whole. the distribution ol peptide-con-
taining fibers as studied here agrees with tindings
made n the rat [[8; unpublished observations).
The pharyngeal region and upper csophagus of the
rabbit contained a rich supply of peptide-contain-
ing nerve Nbers innervating blood vessels and sero-
mucous glands. In addition, such fibers were scen
among the muscle bundles and in small plexus for-
mations. Conspicuous findings were the numerous
CGRP-immunorcactive motor ¢nd plates and the
rich supply of CGRP-containing tibers in the sur-
face epithelium.

Acknowledgment. This work was supported by grants from the
Swedish Medical Rescarch Council, projects 6859, 05927 and
4499,

References

1. Bosma J1°: Physiology of the mouth, pharynx and csopha-
gus. In Paparella MA, Shumrik DA (cds): Otolarvagology
1980, pp 319345

2. Bosma JF. Donner MW, Tunaka k5, Robertson [D: Anato-
my of the pharynx pertinet to swallowing. Dysphagia 1:
23-33, 1986



226

10.

11.

. Uddman R, Sundler F: Neuropeptides in the airways: a

review. Am Rev Respir Dis 136: 3-8, 1987

. Aggestrup S, Uddman R, Jensen SL, Sundler F, Schaffa-

litzky de Muckadell O, Holst JJ, Hakanson R, Sorensen
HR: Regulatory peptides in the lower esophageal sphincter
of man. Regul Pept 10: 167-178, 1985

. Ekberg O, Malmberg L, Borgstrém PS, Ekstréom J: Neu-

ropharmacological in vitro studies on the pharynx and cer-
vical esophagus in the rabbit. To be published.

. Coons AH, Leduc EH, Connolly JM: Studies on antibody

production. I. A method for the histochemical demonstra-
tion of specific antibody and its application to a study of
the hyperimmune rabbit. J Exp Med 102: 49-60, 1955

. Dutta CR, Basmajian JV: Gross and histological structurc

of the pharyngeal constrictors in the rabbit. Anat Rec 137:
127-134, 1960

. Nishimura T, Takasu T: The adrenergic innervation in the

csophagus and respiratory tract of the rabbit. Acta Otolar-
yngol 67: 444-452, 1969

. Ekblad E, Edvinsson L, Wahlestedt C, Uddman R, Hakan-

son R, Sundler F: Neuropeptide Y co-exists and co-operates
with noradrenaline in perivascular nerve fibers. Regul Pept
8:225-235, 1984

Grunditz T, Ekman R, Hikanson R, Sundler F, Uddman
R: Neuropeptide Y and vasoactive intestinal peptide coexist
in thyroid nerve fibers emanating from the thyroid ganglion.
Regul Pept 23: 193-208, 1988

Hakanson R, Sundler F: The role of peptide messengers
in the neuroendocrine systcm: hormones, ncurotransmitters
or ncuromodulators. In Shou JS, Geisler A, Norn S (cds):

12.

13.

R. Uddman et al.: Neuropeptides in the pharyn*

Drug Receptors and Dynamic Processes in Cells. Copenha-
gen: Munksgaard, 1986, pp 62-89 )
Said S, Vasoactive Intestinal Peptide. Advances in Peptide
Hormone Research Series. New York: Raven Press, 1982
Ohhashi T, Jacobowitz DM: Effccts of calcitonin gene-r¢
lated peptide on neuromuscular transmission in the isolated
rat diaphragm. Peptides 9: 613-617, 1988

. Fontainc B, Klarsfeld A, Hékfelt T, Changeux J-P: Calcito-

nin gene-related peplide, a peptide present in spinal cord
motoneurons, increases the number of acetylcholinc recep-
tors in primary cultures of chick embryo myotubes. Neu-
rosci Lett 71 59-65, 1986

. Rodrigo J, Polak JM, Fernandez L, Ghatci MA, Mulderry

P, Bloom SR: Calcitonin gene-related peptide immunoreac-
tive sensory and motor nerves of the rat, cat, and monkey
esophagus. Gastroenterology 88: 444451, 1985

. Gibbins IL, Furness JB, Costa M, Mcintyre I Hillyard

CJ, Girgis S: Co-localization of calcitonin gene-related pep-
tide-like immunoreactivity with substance P in cutaneous
vascular and visceral sensory neurons of guinea-pigs. Neu-
rosci Lett 57:125-130, 1985

. Lee Y, Takani K, Kawai Y, Girgis S, Hillyard C, Maclntyr¢

I, Emson PC, Tohyama M : Distribution of calcitonin gene-
rclated peptide in the rat peripheral nervous system with
reference to its coexistence with substance P. Neuroscience
15:1227-1237, 1985

. Terenghi G, Polak JM, Rodrigo J, Mulderry PK, Bloom

SR: Calcitonin gene-related peptide-immunorcactive nerves
in the tongue, epiglottis and pharynx of the rat: occurrence,
distribution and origin. Brain Res 365: 1-14, 1986



