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Immunocytochemical study on the
innervation of the chicken pancreas by
vasoactive intestinal polypeptide (VIP)-containing nerves
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Summary. Ultrastructural localization of vasoactive
intestinal polypeptide (VIP) was studied in the chicken
pancreas by the immunocytochemical method. VIP-
immunoreactive nerve endings were found in contact
with acinar cells in the pericapillary space or between
acinar cells. They also terminated on epithelial cells of
arteriolae. In pancreatic islets, VIP-immunoreactive
nerve endings were in contact with B-cells, but not with
A- or D-cells. VIP-immunoreactive terminals contained
many small clear vesicles which indicate the cholinergic
feature. Nerve endings containing many small clear
vesicles but not showing VIP-immunoreactivity were
also detected in both the exocrine and endocrine
pancreas. According to these data and the previous
studies concerning the cholinergic and VIPergic
innervation of the chicken pancreas, it is suggested that
VIP-containing cholinergic nerves innervate B-cells and
cholinergic nerves not containing VIP innervate D-cell.
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Introduction

It was previously reported that the avian pancreas
was innervated by vasoactive intestinal polypeptide
(VIP)-containing neurons. Vaillant et al. (1980) showed
a prominent distribution of VIP-immunoreactive nerve
cell bodies and fibers in the turkey pancreas. In the
chicken pancreas, VIP-immunoreactive nerves, which
have an intrinsic origin, innervate both the exocrine and
endocrine tissues (Hiramatsu and Watanabe, 1989).
These light microscopical studies suggested a close
relationship between VIP-containing neurons and the
pancreatic secretion in the avian species.

Acetylcholinesterase (AChE)-positive nerve fibers
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innervate B- and D-cells in chicken pancreatic islets
(Hiramatsu et al., 1988). Hiramatsu and Watanabe
(1989) showed that VIP-immunoreactive nerve fibers
were distributed in B-islets consisting of B- and D-cells
but not in A-islets composed of A- and D-cells. They
also revealed two types of nerve cells in the chicken
pancreas; one showed both AChE activity and VIP-
immunoreactivity and the other only AChE activity.
Concerning the distribution of AChE-positive and VIP-
immunoreactive nerve fibers in the chicken pancreas, it
is hypothesized that these neurons have a specificity for
their target cells. That is to say, the former (VIP+/
AChE+) may innervate B-cells and the latter (VIP-/
AChE+) D-cells. In this study, we aim to scrutinize the
fine structure of VIP-immunoreactive nerve elements in
the chicken pancreas and to determine the above hypo-
thesis by use of the immunocytochemical technique.

Materials and methods

Adult White leghorn chickens of both sexes weighing
1.5-2.0 kg, were used in this study. They were perfused
with saline, followed by a mixture of 4% para-
formaldehyde, 0.05% glutaraldehyde and 0.21% picric
acid in 0.1M phosphate buffer (pH 7.6). Pancreata were
immediately removed and dissected into small blocks.
Tissue blocks were immersed in the same perfusate at
4 °C for 24 hr. After overnight washings with cold
phosphate-buffered saline (PBS), sections at 50 pm
thickness were made with a microslicer (DTK-1000,
Dosaka EM, Japan).

Immunocytochemistry

VIP immunoreactivity was detected by the
streptavidin-biotin method (Guesdon et al., 1979).
Sections were incubated with 10% normal goat serum
(Vector, USA) for 1 hr at room temperature and then
incubated in rabbit anti-porcine VIP serum diluted to
1:2000 (Incstar, USA, antibody code: HR2) at 4 °C for
48 hr. Thereafter they were incubated in biotinylated
goat anti-rabbit Ig G diluted to 1:300 (E-Y laboratories,
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USA, BA-2307) at 4 °C for 24 hr and then in
peroxidase-conjugated streptavidin diluted to 1:300
(Zymed, USA, 43-4323) for 3 hr at room temperature.
Sections were washed with cold PBS three times for 15
min after each step of incubation. Peroxidase activity of
immuno-complex was visualized with a 3,3’-
diaminobenzidine-hydrogen peroxide solution according
to the method of Anglade and Tsuji (1990a). After
several rinses with PBS and phosphate buffer (pH 7.6),
sections were postfixed with 1% osmium tetroxide for 1
hr at room temperature, dehydrated in a graded alcohol
series and embedded in Quetol 812. After the
confirmation of the existence of immunoreactive nerve
elements on semithin sections with the light microscope,
ultrathin sections were made with an ultramicrotome
(Super Nova, Reichert-Jung). Ultrathin sections stained
with uranyl acetate and lead compounds were examined
under a JEM-100sx electron microscope.

Results

It was easy to identify VIP immunoreactivity on
semithin sections at the light microscopic level.
Varicosities of VIP-immunoreactive nerve were observed
throughout the gland.

At ultrastructural level, reaction products of VIP
immunoreactivity were found in nerve elements. VIP-
immunoreactive nerve fibers were found more frequently
in the exocrine tissue than in the endocrine tissue. VIP-
immunoreactive nerve terminals contained many small
clear (about 50 nm in diameter) and a few large dense-
cored (about 100 nm in diameter) vesicles.

In the wall of intra- or interlobular pancreatic
secretory ducts, fine VIP-immunoreactive nerve fibers
could be easily seen. Smooth muscle fibers of larger
intralobular secretory ducts were accompanied by VIP-
immunoreactive nerve fibers (Fig. 1). Sometimes VIP-
immunoreactive nerve terminals were found contacting
the basal portion of epithelial cells of secretory ducts.
VIP-immunoreactive nerves were often observed in the
periarteriolar space of the exocrine pancreas (Fig. 2).
Some of them terminated on the endothelium of
arteriolae.

Exocrine pancreas was richly supplied with VIP-
immunoreactive nerve fibers. They terminated on acinar
cells in the perivascular space (Fig. 3) or between acinar
cells (Fig. 4). Sometimes they invaginated in an acinar

cell.

VIP-immunoreactive terminals were observed in B-
islets, but not in A-islets. In the B-islets, they were in
contact with B-cells (Figs. 5, 6). They were mainly
located in the perivascular space and sometimes between
B-cells. All VIP-immunoreactive nerve terminals
contained many small clear vesicles (About 50 nm in
diameter). VIP-immunonegative nerve fibers or
terminals which contained many small clear vesicles
were also found along with VIP-immunoreactive ones in
B-islets as well as in the exocrine tissue.

Discussion

In this study, we investigated th localization and the
morphological features of VIP-immunoreactive nerve
elements in the chicken pancreas. Light microscopical
observation showed that VIP-immunoreactive nerves
were widely distributed in the whole gland. In the
present study, VIP-containing nerves in the chicken
pancreas innervate secretary ducts, blood vessels, acinar
cells and B-islets (Hiramatsu and Watanabe, 1989).
These findings were in agreement with those which have
been revealed in other animal species (Larsson et al.,
1978; Sundler et al., 1978; Forssman and Reinecke,
1984; Hiichtebrock et al., 1991; De Giorgo et al., 1992).

Several investigations have discovered the ultra-
structural localization of VIP immunoreactivity in other
organs. In the cat colon, Larsson (1977) showed that VIP
immunoreactivity exists in the terminals of «p-type»
neurons which contained large electron dense granules.
In the cat exocrine glands, VIP immunoreactivity was
detected in «cholinergic-type» nerve terminals
containing large dense-cored vesicles (Johansson and
Lundber, 1981). VIP-immunoreactive nerve terminals
contained acetylcholine (ACh) in the rat myenteric
plexus (Anglade and Tsuji, 1990b). In the rat endocrine
pancreas all the VIP-immunoreactive nerve endings also
contained small clear vesicles of ACh cations (Anglade
and Tsuji, 1990a). These data indicate that VIP coexists
with ACh in the same nerve elements in several organs.

The present study showed that VIP-immunoreactive
nerve terminals contained many small clear vesicles
which indicate the cholinergic feature (Burnstock, 1979).
And they also contained some large dense-cored
vesicles. It is certain that VIP coexists with ACh in the
same nerve terminals of the chicken pancreas.

—

Fig. 1. VIP-immunoreactive nerve terminal in a wall of an intrapancreatic secretory duct. It is in contact with a smooth muscle fiber (F) and contains a

few large, dense-cored vesicles (arrows). x 19,000

Fig. 2. VIP-immunoreactive nerve fiber in a periarterial space. It ends at a place where the cytoplasmic process of a smooth muscle fiber (arrows) is

thin near an endothelial cell (EC). x 15,000

Fig. 3. VIP-immunoreactive nerve terminal which is in contact with an acinar cell (E) in a perivascular space. It contains many small clear (small arrows)
and a few large dense-cored vesicles (arrows). Large arrowhead indicates VIP-immunonegative nerve terminal which also contains many small clear

vesicles. x 15,500

Fig. 4. A VIP-immunoreactive nerve fiber which contains a few large dense-cored vesicles (arrows) ends between two acinar cells (E). x 16,800
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Fig. 5. VIP-immunoreactive (arrows) and -immunonegative nerve fibers are held by a Schwann cell (S) in a perivascular space of B-islet. B: B-cell.

x 13,000

Fig. 6. A VIP-immunoreactive nerve terminal which contains many small clear vesicles and mitochondria is in contact with two B-cells. x 16,250

Avian pancreatic A-islet is composed of numerous A-
cells and a small number of D-cells, while B-islet is
formed by many B-cells and some D-cells (Iwanaga et
al., 1983). In the A-islets, AChE-positive nerve terminals
containing numerous small clear vesicles which are in
contact with D-cells, and nerve fibers containing VIP
were not detected immunohisto-chemically. In the
B-islets, AChE-positive nerve terminals containing a
few large dense-cored and many small clear vesicles
in contact with B-cells and nerve fibers containing
VIP can be found (Hiramatsu et al., 1988; Hiramatsu
and Watanabe, 1989). Moreover, ganglion cells in
the chicken pancreas are divided into at least two types;
one type of ganglion cells contains only ACh, and the
other contains ACh and VIP as its transmitter
(Hiramatsu and Watanabe, 1989). These results suggest
the innervation of D-cells by the former and that of
B-cells by the latter.

In the present study, we also detected two types of
nerve terminals containing many small clear vesicles;
one was VIP-immunoreactive and the other was VIP-

immunonegative. Both types of nerve terminals were
observed in the exocrine and endocrine tissues. In
pancreatic islets, VIP-immunoreactive nerves were in
contact with B-cells but not with A- and D-cells. These
results support the suggestion mentioned above. The
chicken pancreas is innervated by several populations of
neurons containing different transmitters. Moreover, it is
possible that these neurons have a specificity for their
target cells.

Many neuropeptides have been detected immuno-
histochemically in the pancreas (Larsson, 1979; Rehfeld
et al., 1980; Sharkey et al., 1984; Su et al., 1987; Messell
et al., 1990). Recently, we reported the innervation of the
chicken pancreas by galanin-containing nerves
(Hiramatsu and Ohshima, 1995). VIP-immunonegative
nerves in the chicken pancreas presumably contain other
neuropeptides, including galanin.
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