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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 seromucous 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 seen 'a round blood vessels, seromucous 

glands, among bundles of  muscle, and in the sub- 

epithelial layer. Nerve fibers containing caicitonin 

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  C G R P  within motor 
end plates of  striated muscle. 

Key words: Pharynx, neuropeptides - lmmunocy- 

tochemistry, pharynx. 

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 secretion, 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 nor- 

adrenaline and acetylcholine, and neuropeptides is 

well established in the upper respiratory tract and 

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 pharyngeal 

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 were 

killed by an overdose of pentobarbitone.  Specimens+ including 

the surface epithelium, were dissected from four regions: the 

middle pharyngeal constrictor muscle, the inferior pharyngeal 

constrictor muscle, and the cricopharyngeal muscle. In addi- 
tion, specimens from the cervical part of the esophagus were 

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% 

sucrose for 48 h, frozen on dry ice, and sectioned at 10 pna 
thickness in a cryostat. The specimens were processed for the 

immunocytochemical demonstrat ion of neuropeptide Y (NPY), 

vasoactive intestinal peptide (VIP), substance P (SP), and calci- 

tonin gene-related peptide (CGRP) using the indirect immuno" 

fluorescence method [6]. Details on the antisera are given in 

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 fluorescein isothiocyan" 

ate-labeled antibodies against immunoglobulin (] (Milab, 

Maim6, Sweden) in a dilution of 1 : 320 for I h at room tempera- 

ture. Control  sections were exposed to antiserum that had been 

preabsorbed with an excess amount  of the antigen (1(~ 100 ~tg 

of synthetic or pure natural peptidc per ml diluted antiserum)- 

The antisera did not cross-react with the other pcptides exam- 
ined. However, cross-reaction with other peptides or proteins 

containing amino acid sequences recognized by the different 
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Table I. Details of the antisera used for immunocytochemistry 

Antigen Code Raised against Directed Raised in Working 
against dilution 

N PY" G 26 Protein-conjugated - Goat 1 : 640 
porcine NPY 

VIP h 8 7 0 1  Unconjugated pure N-terminus Guinea pig 1:640 

SP ~ N-CI/34 Protein-conjugated SP C-terminus Monoclonal 1:80 

CGRP ~ 8513 Protein-conjugated Guinea pig ! :640 
rat CGRP 

Sourc~J 

T. Schwartz, 
Copenhagen, Denmark 

Milab, Malta6, Sweden 

Seralab, 
Oxford, UK 

Milab, Malta6, Sweden 

No cross-reaction with peptide YY or pancreatic polypeptide. 
No cross-reaction with Pill .  
The SP antiserum cross-reacts with physalaemin but not with any other known neuropeptide. 

d The CGRP antiserum does not cross-react with any other known neuropeptide. 

antisera cannot bc excluded, The immunoreactive material 
should therefore appropriately be referred to as NPY-like, VIP- 
like, and so on. For brevity, howcver, the shorter tcrms (NPY, 
VIP) are often used, 

Results 

O n  the  w h o l e ,  the  s u p p l y  o f  p e p t i d e - c o n t a i n i n g  

ne rve  f ibers  in the  p h a r y n x  was  m o d e r a t e l y  dense .  

C l e a r  d i f f e r e n c e s  in the  i n n e r v a t i o n  d e n s i t y  were ,  

h o w e v e r ,  n o t e d  b o t h  b e t w e e n  d i f f e r en t  p e p t i d e s  

a n d  d i f f e r e n t  r e g i o n s  a n d  t i ssue  c o m p o n e n t s  ( T a -  

ble  2). 

Middle Constrictor 

A r ich  s u p p l y  o f  N P Y - c o n t a i n i n g  f ibers  sur -  

r o u n d e d  sma l l  b l o o d  vessels  a n d  a m o d e r a t e  

n u m b e r  o f  N P Y - c o n t a i n i n g  f ibe r s  was  seen  a m o n g  

b u n d l e s  o f  s t r i a t e d  musc le .  O n l y  a few N P Y - c o n -  

t a i n i n g  f ibers  were  seen a m o n g  the  s e r o m u c o u s  

g l a nds .  V I P - i m m u n o r e a c t i v e  f ibe r s  we re  n u m e r o u s  

in the  g l a n d u l a r  a r ea .  In  a d d i t i o n ,  such  f ibe r s  were  

seen  in m o d e r a t e  n u m b e r s  a r o u n d  b l o o d  vessels ,  

in b e t w e e n  b u n d l e s  o f  s t r i a t e d  musc l e ,  a n d  in the  

s u b e p i t h e l i a l  l ayer .  C G R P - c o n t a i n i n g  f ibers  we re  

n u m e r o u s  in the  s t r i a t e d  musc l e .  T h e y  were  seen  

s c a t t e r e d  a m o n g  the  m u s c l e  b u n d l e s  a n d  o f t en  t e r -  

m i n a t e d  in m o t o r  e n d  p la tes .  C G R P - c o n t a i n i n g  

f ibers  a l so  o c c u r r e d  a r o u n d  b l o o d  vessels  a n d  in 

ne rve  b u n d l e s  p a s s i n g  t h r o u g h  the  a rea .  In  the  sub -  

ep i t he l i a l  l aye r  a r ich s u p p l y  o f  C G R P - c o n t a i n i n g  

ne rve  f ibers  w a s  e n c o u n t e r e d ,  a n d  a few f ibers  we re  

seen to  p e n e t r a t e  i n to  the  e p i t h e l i u m .  A few SP-  

c o n t a i n i n g  f ibers  were  seen  in the  s u p e p i t h e l i a l  

l a y e r  a n d  in b e t w e e n  the  m u s c l e  b u n d l e s  (see 

Fig .  4 B). S P - c o n t a i n i n g  f ibers  were  n o t  seen in as-  

Soc i a t i on  wi th  m o t o r  end  p la t e s .  

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

Area Cell type NPY VIP CGRP SP 

Middle Epithelium 0 0 + + 
pharyngeal Glands + + + + 0 0 
constrictor Muscle + + + + + + + 

Blood vessels + + + + + + 0 

Inferior Epithelium 0 0 + + + 
pharyngeal Glands + + + + 0 0 
constrictor Muscle + + + + + + 

Blood vessels + + +  + + + +  + 

Crico- Epithelium 0 0 + + + + 
pharyngeal Glands + + + + + 0 
region Muscle + + + + + + 

Blood vessels + + + + + + 0 

Cervical Epithelium 0 0 0 0 
esophagus Glands 0 + + + + + 

Muscle + + + + + 0 
Blood vessels + + + + + + 0 

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

Inferior Constrictor 

N P Y - c o n t a i n i n g  f ibers  were  n u m e r o u s  a r o u n d  

b l o o d  vessels .  In  a d d i t i o n ,  a m o d e r a t e  s u p p l y  o f  

N P Y - c o n t a i n i n g  f ibe r s  was  seen  a m o n g  b u n d l e s  

o f  s t r i a t e d  m u s c l e  (F ig ,  I A) .  N P Y - c o n t a i n i n g  

f ibers  were  s p a r s e  a m o n g  the  m u c o u s  g l a n d s  a n d  

in t he  s u b e p i t h e l i a l  l ayer .  V I P - c o n t a i n i n g  f ibers  

were  n u m e r o u s  a m o n g  the  s e r o m u c o u s  g l a n d s  in 

the  s u b m u c o s a  a n d  in the  s u b e p i t h e l i a l  l aye r ,  A 

few f ibers  we re  seen  a m o n g  the  m u s c l e  b u n d l e s .  

A m o d e r a t e  s u p p l y  o f  C G R P - c o n t a i n ] n g  f ibers  was  

seen a m o n g  b u n d l e s  o f  m u s c l e  a n d  in s m a l l  n e r v e  

b u n d l e s  p a s s i n g  t h r o u g h  the  a r ea .  T h e  C G R P - c o n -  

t a i n i n g  f ibers  o f t e n  t e r m i n a t e d  o n  m o t o r  e n d  p l a t e s  

(F ig .  2B) .  A r ich  s u p p l y  o f  C G R P - c o n t a i n i n g  
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Fig. I. A An N P Y - i m m u n o r e a c l i v c  nerve fiber between bundles  o f  skeletal muscle  in the inl~rior cons t r ic tor  region. B NPY- 

con ta in ing  nerve fibers d is t r ibuted a m o n g  small  scromucCms g lands  in the c r icopharyngca l  region. ( • 225). 

tibers was sccn among blood vessels, in the subepi- 

thelial layer, and within the epithelium. SP-con- 

taining fibers wcrc few and occurred around blood 

vessels and in between bundles of muscle. 

('ric~q~haryngeal A rea 

A moderate supply of NPY-containing fibers was 

seen among blood vessels, seromucous 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 subepithelial layer. They 

were moderate in number around blood vessels 

and among bundles of muscle. Numerous CGRP- 

containing fibers were seen in the surtilce epitheli- 

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 latter fibers was seen in associ- 

ation with motor end plates. SP-containing fibers 
were few in the subepithelial layer and among the 

muscle bundles. 

Cervical Fsol#Utgu.~' 

NPY-containing fibers were seen ill moderate 

numbers around blood vessels and in the subepi- 

thelial layer. A few fibers occurred between the 

muscle bundles and in small plexus formations lo- 

cated between the longitudinal and circular muscle 

layers. VlP-containing fibers were particularly nu- 

lnerous among the seromucous glands and in tlw 

subcpithclial layer (t:ig. 3A). A moderate supply 

was seen around Mood vessels and between the 

muscle layers. Occasionally, VlP-immunorcactive 

nerve cell bodies and nerve fibers could bc seen 

in small plexus formations between the muscle 

layers (Fig. 3B). Also CGRP-containing fiberS 

wcrc numerous in such plexus li)rmations. In addi- 

tion, CGRP-storing fibers were seen between bull- 

dies of striated muscle. Some of the l]bers termi0- 

ated on motor end plates. In addition, CGRP-con- 

laining fibers were seen around blood vessels and 

among seromucous glands. A rich supply of 

CGRP-containing fibers was encountered in the 

subcpithclial layer. SP-containing fibers were few 

in the subepithelial layer and among seromucouS 
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Fi R. 2. A CGRP- immunorcac t ive  nerve fibers in the surface epiihcliunl of  the cr icopharyngcal  alCa. ]:l Moto r  end plates containing 

( ' G R P  in the inferior const,+ictc+r area x 225). 

glands. Nunmrous SP-containing fibers could be 

seen in association with small plexus formations 

(Fig. 4A). 

Discussion 

The anatomy of the pharynx differs inarkedly from 
the esophagus: the intramural ganglia arc incon- 

spicuous in the pharynx while they tire regularly' 

seen and more prominent m the wall of  the esopha- 

gus. Recent in vitro findings have shown that 

nerve-mediated contractions of  pharyngeal lnnsclc 

segmenls of  the rabbit may be partially resislant 

to blockade of the cholinergic (nicotinic) receptors, 

and that these persisting contractions are not a f  
fected by autonomic receptor blocking agents [5]. 

It is interesting that the present study has shown 

that motor end plates of the pharyngeal striated 

muscle tire immunoreactive to CGRP.  Thus, 

( ' G R P  is a potential transmitter involved in the 

nerve-evoked contractions of the rabbit pharynx 

that were not blocked. 
In the rabbit, the pharyngeal constrictors tire 

supplied wilh a nerve plexus I'ornled on the Stll-face 
of tile middle constrictor by branches of the vagal 

and g[ossopharyngeal nerves and tile sympatlaetic 

trunk [7]. Noradrenaline-coniaining nerve fibers in 

the esophagus are distributed in the lanfina mus- 
cuhlris mucosa, submucosa, mtiscle layers, and 

around myenicric ganglion cells [8]. The present 

study revealed ihal the distribution of peptide-con- 

taining nerve fibers was sitnilar in the constrictors 
and the cricopharyngeal area, In genera l ,  tl rich 
supply O1" N PY-contaiiling l]bers was seen around 

blood vessels and a moderate number occurred 

among the muscle bundles. Previous double immu- 

nostaining experiments have revealed that a major 
popuhition el" lhe Nl>Y-containing nerve l]bers 
contains also noradrenaline (sympathetic ilelVe 

fibers), whereas a minor population of  NPY-con- 

taining fibers stores VIP (nonadrc,lergic fibers) It), 
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I;ig. 3. A A rich supply of VIP-containing nerve fibers m the subcpiihclial layer of the cervical esophagus. B A small ganglionic 
tormation displaying VIP-immunorcactivc nerve cull bodies and nerve I]hcrs between lhc bundles O['llltlSClC ill lhc cervical csophagtis. 
t,p, epithelium ( • 225). 

10]. The physiological significance of  this coex- 

istence has been evahiated on isohited blood vessels 

and an enhancement  of  the wlscnlar response to 

electrical s t imulation and to exogenous  adrenal ine 

has been reported in the presence of  NPY [9]. A 

possible consequence of  this enhancemen!  is a re- 

duct ion of  the noradrenal ine  demand,  with l.in im- 

provement  o f  the noradrcnal ine  " ' e c o n o m y "  a! lhe 

neuroeffcctor  juncl ion [11]. 11 is conceiwlble flint 

the majori ty of  N PY-containing fibcrs in the rabbil 

esophagus arc sympathet ic  and emanate  from cer- 

vical sympalhel ic  ganglia. 

A part icularly rich supply of  VIP-conta in ing 

fibers was seen among  lhe scromucous  glands. 

VIP-coniaining fibers were regularly seen also 

a round blood vessels and in the subepithclial layer. 

This distr ibution fits well with the known actions 

of  VIP: st imulation of  secretion from seromucous  

glands and potent  vasodilat ion [121. 

CGRP-con ta in ing  fibers were numerous  in the 

rabbit  pharynx.  They were seen close to blood ves- 

sels, among  bundles of  Inuscle, in the subepithclial 

layer, and within the epithelium. A conspicuous 

I]nding was lhe occurrence o f  C G R P  wilhin lhe 

moto r  end plates. It has previously been shown 

lhat C G R P  occurs with ace@chol ine  in motor-  

neurons  and thai C G R P  modula tes  the action of  

acetylcholine on mo to r  end plates [13]. It has fur- 

ther been suggested that C G R P  may cause an in- 

crease in the number  o f  acetylcholine receptors 

[141. In the esophagus of  rat, cat, and monkey  a 

rich supply o f  CGRP-con i a in ing  nerve libers has 

been observed,  also here C G R P  can be seen in 

the mo to r  end plates o f  slrialed muscle [15l. In 

a subpopula t ion  of  sensory neurons,  C G R P  is col- 

ocalized wilh SP [16, 17]. Trca imeni  wilh the sen- 

sory neuro loxin  capsaicin has been found to reduce 

markedly the number  of  CGRP-con i a in ing  fibers 

in till layers of  the esophageal  wall, which suggcsls 

thai these fibers are o f  sensory origin. However,  
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Fig.. 4. A A ganglionic formation between the muscle layers in the cervical esophagus surrounded by SP-inmulnoreactivc nerve 
fibers. B A nerve brindle displaying ,%P-immunorcactivily ill the skeletal muscle layer of lilt middlc constrictor area ( x 225}. 

no change was seen in lhe t i 'equcncy o f  C G R P -  

immunoreac t ive  m o t o r  end plates ]15]. A por t ion  

o f  the CGRt~-con ta in ing  fibers or iginated in the 

nodose  ganglion,  as shown by a marked  loss of  

intra-  and subepithelial  fibers af ter  cxt i rpa t ioq  of  

this ganglion.  No effecl could be detected in the 

f requency o f  C G R P - i n l m u n o r e a c l i v e  m o t o r  end 

plates. Also, no effect could be seen on the C G R P  

fibers that were associated with the myenter ic  plex- 

us [151. 
In the present study, SP-containing fibers were 

mainly  dis tr ibuted close to b lood vessels and sere-  

mucous  glands, in  cont ras t  1o the rich supply  o f  

( ' G  l~,P in the subepilhelial  layer and in the epitheli- 

um, only few SP-conta in ing  fibcrs were present  in 

these areas,  and SP was not observed in associa t ion 

wilh the m o t o r  end plates. Thus,  the SP as well 

as the C G R P  fibcrs, besides having a nociceptivc 

role, may  media te  an t id romic  vasodi la ta t ion  and 

enhance  secretion f rom se romucous  ghmds.  In the 

cervical par t  of  esophagus ,  SP-conta in ing  nerve 

cell bodies  were found ill the myenter ic  plexus, 

which indicates a local origin of  such fibers. 

On the whole,  the d is t r ibut ion o f  pcpt idc-con-  

taining fibers as studied here agrees with findings 

made  in the rat [18; unpubl i shed  observat ions] .  

The  pharyngea l  region and upper  e sophagus  o f  the 

rabbi t  conta ined  a rich supply of  pcpl idc-conta in-  

ing nerve fibers innervat ing  b lood vessels and sere-  

mucous  glands. In addi t ion,  such fibers were seen 

a m o n g  the muscle bundles  and in small plexus I\~r- 

naations. (~onspicuous findings were the nunlerous  

C G R P - i n m m n o r e a c t i v c  m o t o r  end phites and the 

rich supply  o f  ( ' G R P - c o n t a i n i n g  fibers in the stir- 

face epi thel ium. 

.t~km,wh,d,t~pm'nt. This work ~as supporlcd by erants from the 
%wedish Medical Research Council, pro.iccts6859, 05927 and 
44~)% 
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