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SUMMARY 
 

The human adult parotid duct is the longest of all 
major salivary gland ducts, approximately 6-8 cm 
in length. Its unique structure extends over the 
masseter muscle, penetrates through the buccina-
tor muscle and opens into the oral cavity. Salivary 
secretion is under basic control of the sympathetic 
and parasympathetic divisions of the autonomic 
nervous system. Scarce reporting on the parotid 
duct nerve distribution led us to this study; to in-
vestigate the nervous distribution in the human 
adult and fetal parotid ducts using an antibody 
against protein gene product 9.5 (PGP9.5), a mo-
lecular marker for nerve cells and fibers. In order 
to identify the nerve fibers distributed throughout 
the parotid duct and confirm them to be part of the 
autonomic nervous system, we stained adult parot-
id ducts with tyrosine hydroxylase (TH) and choline 
acetyltransferase (ChAT) for observation. PGP9.5 
staining of the parotid duct’s inside wall where it 
traverses over the masseter prior to penetrating 
the buccinator revealed a dense concentration of 
nerve fibers in the area. Staining revealed both 
sympathetic and parasympathetic nerve fibers in 
the same area, with the majority of the sympathetic 
nerve fibers surrounding blood vessels. However, 
the section of the duct penetrating the buccinator 
showed less concentration of nerve fibers in both 
adult and fetal specimens. The difference in the 
nerve distribution of the parotid duct suggests its 
direct association with the salivary transport func-

tion of the duct. PGP9.5 expression in fetuses over 
five months of age further suggests that the nerve 
distribution in the human parotid duct is fully estab-
lished at six months of gestation. 
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INTRODUCTION 
 

Salivary glands are innervated by postganglionic 
nerve fibers of the sympathetic and parasympa-
thetic divisions of the autonomic nervous system. 
Salivary secretion is controlled by autonomic 
nerves distributed throughout the salivary gland 
and intraglandular ducts (Avery, 2001; Antonio, 
2003; Junqueira and Carneiro, 2003; Ross et al., 
2003). It is known that the viscosity of saliva varies 
based on nerve system’s actions. Carpenter re-
ported that “the rate of IgA secretion into saliva is 
regulated by the autonomic nerves supplying the 
glands in vivo (Carpenter et al., 2004). Many stud-
ies have reported regarding salivary gland innerva-
tion using animal experiments (Thulin, 1976; Proto 
et al., 1981; Ekströ, 1989; Garrett and Kidd, 1993; 
Tsuboi et al., 2004) and human salivary gland 
nerve distribution (Heym et al., 1994; Matsuda et 
al., 1997); however, there are very few detailed 
reports observing the nerve distribution of the hu-
man parotid duct.  

PGP9.5 is a neuron-specific protein originally 
discovered by high-resolution two-dimensional 
mapping of soluble protein from different human 
organs (Jackson and Thompson, 1981; Doran et l., 
1983) and was found to be the best immunohist-
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chemical marker for the human peripheral nervous 
system (Thompson et al., 1983; Lauria et al., 
2004). Most reports on the salivary gland are 
based on observation of the nerve distribution in 
other animal salivary glands. PGP9.5 is consid-
ered the most reliable stain for all animals, particu-
larly humans. Because PGP9.5 stains exceptional-
ly well in humans, its use in research is very com-
mon, some of which on the human salivary gland. 
Konttinen used PGP9.5 staining to observe nerve 
fibers of the labial salivary gland in adult human 
patients with Sjӧgren Syndrome (Konttinen et al., 
1992). There are generally many nerves distribut-
ed in the glandular system as well as in the sali-
vary gland. Wang also used PGP9.5 to observe 
skin nerve fibers and cells in various areas of the 
human body (Wang et al., 1990). He reported that 
there was an abundance of PGP9.5 positive 
nerves distributed around the acini of eccrin sweat 
gland. 

The role of the parotid duct has commonly been 
known as a mere passageway for saliva into the 
oral cavity. We have been studying the parotid 
duct closely, suggesting that this long duct actually 
functions as a sphincter, together with the contrac-
tion of the buccinator muscle, and regulates the 
salivary flow into the oral cavity (Amano et al., 
2010; 2013). Studying the nerve distribution of this 
area has a significant impact on the discovery of 
new findings regarding the unique structure and 
multifarious functions of the parotid duct. In this 
study, we conducted PGP9.5 antibody staining of 
human adult and fetal parotid ducts to observe 
nerve distribution, and immunohistochemistry 
staining using TH and ChAT antibodies to identify 
whether the nerves are from the sympathetic or 
parasympathetic nervous system of the adult hu-
man parotid duct. 

 
MATERIALS AND METHODS 
 

Parotid ducts were obtained from a total of 15 
human adult cadavers 55 to 89 years of age and 
ten fetuses from the cadaver collection of the De-
partment of anatomy, Kyorin University School of 
medicine, Japan. The fetuses consisted of the fol-
lowing months of gestation: five months x 2, six 
months x 3, seven months x 2, and nine months x 
3. Their gestational ages were determined by 
measuring their Crown-Rump lengths (CRL) and 
by using the “Classification of Shimamu-
ra” (Shimamura, 1957), a chart to convert CRL to 
its corresponding age in terms of months of gesta-
tion specifically for Japanese fetuses. 

After removing the facial skin, a section of the 
parotid duct from buccinator muscle to the opening 
into the oral cavity was removed en bloc. Adult 
specimens were cut into three parts: 1) part of the 
duct closest to the parotid gland, 2) part of the duct 
traversing over the masseter, and 3) part of parotid 

duct penetrating the buccinator. Fetal specimens 
were too small to cut into smaller sections. All 
specimens were immediately fixed with 4% para-
formaldehyde and 0.01mol phosphate-buffered 
saline (PBS) solution of with a pH level of 7.2 - 7.4 
over 24 hours. After fixation, the specimens were 
rinsed in PBS with 20% -30% sucrose solutions for 
at least 24 hours. Further, all parts were sliced into 
cryostat longitudinal sections of 20µm thickness 
and thawed on gelatin–coated slides. Adult speci-
mens were immune-stained with PGP9.5, ChAT 
and TH; fetal specimens were stained only with 
PGP9.5 in order to observe the basic nerve distri-
bution from a developmental perspective. All ob-
servations were conducted and photography taken 
with the fluorescence microscope digital camera 
(Keyence, BZ-9000, Osaka, Japan). 

All sections were immune-stained with rabbit anti
-human PGP9.5 (1:70, Ultraclone, RA 95101) 
overnight at 4°C, washed in PBS, and rinsed with 
secondary antibody for 2 hours at 37°C in FITC-
conjugated goat anti rabbit IgG (1:400 Boehringer 
Mannheim, FRG), washed in PBS, and mounted 
on Vectashield (Vector Inc. Burlingame, CA). For 
identification of parasympathetic nerves, the adult 
sections were stained with anti-ChAT polyclonal 
antibody (1:100 Millipore, CA) overnight at 4°C, 
washed in PBS, and rinsed with secondary anti-
body for 2 hours at 37° in FITC-conjugated goat 
anti rabbit IgG (1:400, Abcam), washed in PBS, 
and mounted on Vectashiel (Vector Inc. Burlin-
game, CA). To localize the sympathetic nerves, 
the adult sections were further stained with TH 
polyclonal antibody (1:100 Millipore, CA) over night 
at 4°C, washed in PBS, and rinsed with secondary 
antibody for 2 hours at 37°C in Cy3-conjugated 
goat anti-rabbit IgG (1:400, Abcam), washed in 
PBS, and mounted on Vectashield (Vector Inc. 
Burlingame, CA). 

This study was carried out according to the Dec-
laration of Helsinki’s principles for biomedical re-
search and ethical criteria approved by the Institu-
tional Review Board at Kyorin University, Tokyo, 
Japan. 

 
RESULTS 
 
Expression of protein gene product (PGP) 9.5 

Nerve fibers were clearly expressed in all fetuses 
(five, six, seven, and nine) as early as five months 
of gestation (Fig. 1A). Furthermore, in all fetuses 
(Figure 1B), we observed a small concentration of 
nerve fibers in the section of the parotid duct pene-
trating the buccinator (Fig. 1Ba). In comparison, 
we observed a heavier concentration of nerve fi-
bers in the section of the parotid duct crossing 
over the masseter before entering the buccinator 
(Figs. 1Bb, 1Bc). Likewise, in all adult specimens, 
nerve fibers were abundant in the area close to the 
parotid gland where it crosses over the masseter 
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Fig. 1. PGP9.5 Expression in the human fetus parotid 
duct. (A) Magnified view of the parotid duct traversing 
over masseter in 5 month old fetus. (B) Whole image of 6 
month old fetus parotid duct. Scale bar: 300 µm. (Ba) 
Magnified view of the corresponding box in (B) where the 
parotid duct penetrates buccinator muscle. Scale bar: 
100 µm. (Bb) Magnified view of the corresponding box in 
(B) traversing over masseter. Scale bar: 100 µm. (Bc) 
Magnified view of the indicated area in (B) traversing 
over masseter closer to parotid gland. Scale bar: 100 µm. 
(C) Control (FITC) expression in the parotid duct travers-
ing over masseter in 5 month old fetus. PD: parotid duct; 
BM: buccinator muscle; BV: blood vessels; EP: epitheli-
um; Arrow heads: nerve fibers. 

C 
(Fig. 2A); however, the amount of nerve fibers 
was reduced where the duct penetrates the buc-
cinator (Fig. 2B). 

 
Expression of choline athetyltransferase 
(ChAT) 

Since PGP9.5 antibody expression indicated 
that nerve fibers in adult parotid duct walls were 
mostly distributed immediately outside of the buc-
cinator muscle, we investigated the type of nerve 
fibers by staining them with ChAT antibody. As a 
result, the majority of those nerve fibers reacted, 
which indicates that they are parasympathetic 
nerve fibers (Fig. 3A); the amount of ChAT reac-
tion of the duct section penetrating the buccinator 



Parotid duct innervation 

 4 

was lower, portraying much less concentration of 
parasympathetic nerve fibers in this area (Fig. 3B). 

 
Expression of tyrosine hydroxylase (TH) 

Some sympathetic nerve fibers reacted to TH 
antibody along blood vessels which are typically 
seen surrounding the parotid duct in the section of 
the parotid duct crossing over the masseter before 
entering the bucinator (Fig. 4A). Similar nerve fiber 
distribution pattern was observed with TH antibody 
staining as with PGP9.5 and ChAT in the area 
penetrating the buccinator (Fig. 4B). The section of 
the duct closer to the parotid gland consisted of 
more sympathetic nerve fibers reacting to TH anti-
body than any other area of the parotid duct (Figs. 
4C, 4Ca). 

 
DISCUSSION 
 

Is the parotid duct merely a passageway for sali-
va after being secreted by the gland and its com-

position regulated by intraglandular duct? Only few 
detailed reports exist regarding the functions of the 
main duct; however, they all suggest that it has a 
special function other than providing a smooth 
passageway for saliva (Kutta et al., 2006; Kang et 
al., 2006; Amano et al., 2013). Salivary secretion is 
controlled by sympathetic and parasympathetic 
nerves of the autonomic nervous system. Para-
sympathetic innervation to the salivary glands is 
carried via the cranial nerves. The parotid gland 
receives its parasympathetic input from the glosso-
pharyngeal nerve via the otic ganglion. The sym-
pathetic nervous system also affects salivary gland 

Fig. 2. PGP9.5 Expression in the human adult parotid duct. (A) Parotid duct section traversing over masseter. (B) Pa-
rotid duct section penetrating buccinator muscle. Scale bar: 100 µm. BM: buccinator muscle; BV: blood vessels; EP: 
epithelium; Arrow heads: nerve fibers. 

Fig. 3. ChAT expression in the adult parotid duct. (A) 
Parotid duct section traversing over masseter. (B) Parot-
id duct section penetrating buccinator muscle. Scale bar: 
100 µm. BM: buccinator muscle; BV: blood vessels; EP: 
epithelium; Arrow head: nerve fibers. (C) (Control) Con-
trol-Ad (FITC) expression in the human adult parotid duct 
traversing over masseter. 

C 
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secretions indirectly by innervating the blood ves-
sels that supply the glands. Together, parasympa-
thetic and sympathetic stimuli result in regulating 
salivary gland secretions (Avery, 2001; Antonio, 
2003; Junqueira and Carneiro, 2003; Ross et al., 
2003). Once secreted by the gland, the composi-
tion of the saliva is modified prior to entering the 
intraglandular duct (Antonio, 2003; Proctor and 
Carpenter, 2007). Saliva is known to have strong 
antimicrobial effect and contains growth factors 
such as Epidermal Growth Factor (EGF) and 
Nerve Growth Factor (NGF), which assist in repair-
ing wounds and enhancing regenerations of tis-
sues (Dutta et al., 1992; Donnerer et al., 1992; 
Mathison et al., 1994; Woolf et al., 1994; Nagy, 
2003; Jahovic et al., 2004; Oudhoff et al., 2008). 

It has been reported that Trefoil Factor Family 
(TFF) peptides which are typically expressed in 
the intestinal mucosa such as stomach and colon 
are also expressed in the salivary gland (Madsen 
et al., 2007; Kouznetsova et al., 2010), and can 
contribute to protection of teeth and overall oral 
health (Storesund et al., 2009). Kutta et al. (2006) 

reported that the parotid duct has an antimicrobial 
defense mechanism, in which TFF peptides in the 
duct epithelium disturbs increased risk of lithogen-
esis. It is logical to suggest that if TFF peptides are 
found in intestinal mucosa to promote protection 
and repairs of the intestine, then mucous mem-
brane of the parotid duct, another tubular structure 
of the digestive tract, should also contain similar 
protective proteins of the parotid duct. Further-
more, the roles and functions of the main ducts in 
the salivary glandular system are not just to pro-
vide a passage for saliva, but more importantly to 
regulate its flow.  

Since the parotid duct had been perceived as a 
passageway for saliva, studies of its nerve distribu-
tion have been limited. Takeda conducted a rare 
study by histologically observed the parotid duct 
except for the area it penetrates the buccinator 

Fig. 4. TH expression in the adult parotid duct. (A) Pa-
rotid duct section traversing over masseter. (B) Parotid 
duct section penetrating buccinator muscle. (C) Parotid 
duct area around the parotid gland. (Ca) Magnified view 
of the white box area in (C). Scale bar: 100 µm. (D) Con-
trol (Cy3) expression in the adult human parotid duct 
traversing over masseter. PD: parotid duct; BM: buccina-
tor muscle; EP: epithelium; BV: blood vessels; PG: pa-
rotid gland; Arrow heads: nerve fibers. 
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muscle, and reported the presence of smooth 
muscle in the duct wall (Takeda, 1987). His results 
and our findings of nerve fibers abundant in the 
parotid duct except for the area penetrating the 
buccinator both support the notion that there is a 
correlation between smooth muscle and nerve dis-
tribution. Furthermore, Takeda suggests from the 
abundance of blood and lymph vessels surround-
ing the parotid duct that these vessels may act as 
an immunological barrier to the ascending infection 
of the parotid duct. 

The nerve distribution of the human parotid gland 
has been observed by Heym and Matsuda using 
PGP9.5, TH and other antibodies (Heym et al., 
1994; Matsuda et al., 1997), and TH expression 
throughout the parotid gland and its surrounding 
blood vessels has been reported (Heym et al., 
1994). Our own observations of TH positive distri-
bution in the areas close to the parotid gland and 
its surrounding blood vessels, i.e., abundance of 
sympathetic nerves in the blood vessel wall, indi-
cate that there may be a correlation between sym-
pathetic nerves and salivary flow regulation. We 
reported the lack of smooth muscle in the area of 
the parotid duct where it penetrates the buccinator 
muscle in our previous study (Amano et al., 2013). 
In this study, we observed a very small amount of 
nerve fibers in the same area in both fetus and 
adult specimens, leading us to speculate that there 
is a direct correlation between the amount of nerve 
fibers and smooth muscle in the section of the pa-
rotid duct where it penetrates the buccinator. Re-
sults from our previous study, the absence of 
smooth muscle fibers in the section of the adult 
parotid duct wall where it penetrates through the 
buccinator muscle, also supports our notion that 
the parotid duct acts as a sphincter to control the 
flow of saliva, manipulated by its surrounding buc-
cinator muscle as it contracts and expands 
(Amano et al., 2013).  

The sphincter mechanism of the duct is also sup-
ported by the results of this study, a sudden signifi-
cant decrease in the number of nerve fibers in the 
parotid duct. Like the sphincter of Oddi, the bucci-
nator, a skeletal muscle, surrounds a section of the 
duct which reacts to its movement similar to that 
during swallowing and mastication. In contrast, 
abundance of nerve fibers both in the duct section 
close to the gland and the section crossing over 
the masseter muscle indicate that those sections 
of the parotid duct have an aggressive role in the 
assistance of salivary passage. Furthermore, the 
heavy concentration of sympathetic nerve fibers 
along with blood vessels compared to other parts 
of the duct may imply that this particular section is 
more actively involved in the regulation of salivary 
flow.  

From a developmental aspect, we suggest that 
the nerve distribution of the parotid duct has al-
ready begun by five months of gestation based on 
our data. Fetuses are known to begin movement 

as early as four to five months of gestation and 
suckling reflex, which is considered the first stage 
of oral function, around the sixth month (Sadler, 
1995; Carlson, 2004). These movements likely 
lead to muscle growth as well as other structural 
development. 

In conclusion, we investigated the nerve distribu-
tion in the human adult and fetal parotid ducts us-
ing PGP9.5, and used TH and ChAT in adult parot-
id ducts to further break down the distribution into 
sympathetic and parasympathetic nerve fibers. 
PGP9.5 staining revealed an abundance of nerve 
fibers throughout the entire duct; and ChAT and 
TH antibody staining identified a dense concentra-
tion of parasympathetic and sympathetic nerves 
except for the section where it penetrates the buc-
cinator muscle. These results suggest that salivary 
secretion from the parotid gland and the regulation 
of salivary flow in the parotid duct are controlled by 
the autonomic nervous system, with the exception 
of this particular area penetrating the buccinator. 
From the significant decrease in the number of 
both sympathetic and parasympathetic nerve fi-
bers in this area, we suggest that the duct function 
of this particular area is controlled by skeletal mus-
cle, i.e., buccinator muscle movement. Further 
investigation of the types of nerves present in this 
area will assist us in understanding more clearly 
how the buccinator and this section of the parotid 
duct function together as a sphincter of salivary 
flow. 
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