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ABSTRACT : The distribution of nerve fivers containing vasoactive intestinal peptide (VIP) in small
pial arteries of the horse shoe bat was investigated by means of immunohistochemistry. Strongly
labeled YIP-immunoreactive (VIP-IR) fiber bundles were observed in encephalic pial arteries and gave
rise to small varicose fibers organized in a meshwork pattern of the nerve fibers. The highest density
of meshwork pattern of VIP-IR fibers was observed in the large diameter blood vessel (about 200 ,urn
in diameter) in present study. On the small pial arteries (about 50 ,urn in diameter) and arteriole (diameter~30

,urn), VIP-IR fiber appeared to be a single fiber or non-fiber. It showed from the prepara-

tion of cross section in blood vessels that the VIP innervation of the pial arteries was mainly located
at the adventitia-medial junction. It is interesting that the vasa vasorum vascularizing tunica adventitia and external part of tunica media of large or middle arteries included a thin single VIP-IR nerve
fiber.

Introduction

Vasoactive intestinal peptide (VIP) was originally believed to be solely a gut hormone since its
discovery in V. Mutt's laboratory in Stockholm (Sweden) from one of the peptide fractions which remained after the purification of secretin extracted from hog upper intestinal tissue 1·21 • Thereafter, VIP
was found in detectable concentrations in neuroblastoma and astrocytoma cell lines as well as in the
dog brain tissue 31 • This was the starting point f.or a great number of data suggesting the existence of
the same peptide both in the central and peripheral nervous-system. Recently, VIP was immunohistochemically localized in various regions of the central and peripheral nervous system.
The localization by immunohistochemical techniques of VIP nerves innervating cerebral blood
vessels in the cat was the morphological support for the hypothesis suggesting that VIP may play a
role in the regulation of cerebral blood flow 11 . Indication for the role of VIP in central blood flow regulation is given by both in vivo 5.81 and in vitro "· 9 · 101 studies.
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Materials and Methods

Twelve adult horse shoe bats (Rhinolophs ferrumequinum), with body weights 19.5-23.5 g, were
used in this study. All bats were collected from Monzen, Oga peninsula, Akita prefecture, Japan between October 1992 to December 1995. The animals undergoing surgery were deeply anesthetized
with sodium pentobarbital (50 mg/kg; i.p.) and perfused through the ascending aorta first with 10 ml
washout solution (0.1M phosphate buffer, pH 7.4, 0.025% heparine) and 100 ml of fixative solution
(4.0% paraformaldehyde and 0.2 %picric acid in 0.1 M phosphate buffer, pH7.4). After perfusion,
the brail) with pial arteries was removed and immersed in same fixative solution for 1 day 1 n. The
brain with pial arteies was cut into 50 ,um serial sections on a Vibratome (Oxford) and stored in the
10 mM phosphate buffer saline (PBS) that contains a 0.1 % Triton-X 100. The visurization procedure
was performed on free-floating sections 12 .}.j 1• The sections were rinsed in PBS and placed in 0.3 % H20 2
for 30 minutes to eliminate endogenous peroxidase activity. After 3 rinses (10 minutes each) in PBS,
the sections were incubated with anti-vasoactive intestinal peptide(VIP) antibody (Eugen Tech, U.S.A)
in PBS (pH 7.4; dilution rate 1: 2,000) for 3 days at 4 t. The sections were then rinsed 3 times in
PBS, the sections were incubated with goat anti-rabbit IgG (Miles, U.S.A.) in PBS (dilution rate 1: 200)
for 2 hours at room temperature, and incubated with a rabbit PAP complex (Dakopatts,
Denmark) in PBS (dilution rate 1: 200) for 2 hours at room temperature. The sections were then
rinsed 3 times in 50 mM Tris-hydrochlonic acid buffer for 10 minutes each. The sections underwent a
reaction in 0.05 % diaminobenzidine (Sigma, U.S.A) in 0.01 % H2 0 2 in 50 mM Tris HCl buffer (pH.
7.5) to develop the color for 7 minutes at room temperature 151 • The sections were mounted on
aminoalkylsilane-treated slides 161 • After drying into 37'C incubator for 1 day, the mounted sections
were defatted in two changes of 50% chloroform: 50% ethanol for 2 hours each, and rehydrated
through an ethanol series. Then these placed in 0.005% solution of osmium tetroxide in distilled water
for 30 minutes. Following a 15 minutes rinse in running distilled water, the sections were immersed
in 0.05% solution of thiocarbohydrazide in distilled water for 30 minutes and then sections were
rinsed in distilled water for 15 minutes, dehydrated a graded series of ethanol, and coverslipped 171 •
The preparations were observed using an optic microscope and representative sections were photographed with Zeiss Axiophoto microscope.
Results

The diameter of small pial arteries was observed in various sizes (about 200 ,um-10 ,um). The
pattern of vasoactive intestinal peptide (VIP)-immunoreactive (-IR) nerve plexuses on the incepharic
pial arteries of the horse shoe bats demonstrated changes with diameter of arteries.
In the large sized arteries (about 200 ,um in diameter: Figs.1-5) on this investigation, approximately similar pattern of distribution was found in every artery examined on this study. VIP-IR
fivers run irregularly along the arterial walls, and they sometimes form fiber bundles (Figs.1-3; large
arrow head). From these bundles consisting of two to three thick axons, thin fibers were ramified repeatedly and joined with the formation of meshwork patterns (Figs.1-3). Strongly labeled VIP-IR fiber
bundles were given rise to small varicose fibers organized in a meshwork pattern (Figs.1-3: small
arrow heads). VIR-IR long longitudinally oriented bundles in a meshwork pattern were found in some
large sized arteries (Fig.2). Numerous mostly circumferentially oriented, bead like varicosities were
occupied the greater part of these large sized arteries (Fig.3). These circumferentially oriented fibers
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Fig.1. Photomicrograph illustrating vasoactive intestinal peptide (VIP)-immunoreactive (IR) nerve plexus around the large pial artery (about 200 pm in diameter). Major fiber bundles (large arrow heads)
and small varicosities (small arrow heads) are indicated. VIP-IR branched fibers consist of a meshwork pattern and a circumferential pattern. Scale bar, 50 t-'m.

Fig.2. Photomicrograph illustrating VIP-IR nerve plexus around the large pial artery (about 200 pm
in diameter). This plexus showing a typical meshwork pattern of the nerve fibers. Scale bar, 50 pm.

Fig.3. Photomicrograph illustrating VIP-IR nerve fibers around the large pial artery (about 200 pm in
diameter). The nerve fibers surrounding blood vessel giving a circumferential pattern. A VIP-IR single
nerve fiber (arrow heads) showing into the vasa vasorum vascularizing tunica adoventitia and the external part of tunica media of artery. Scale bar, 50 pm.
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were separated from the region of a meshwork pattern (Fig.l). It was observed at the cross sections of
blood vessels that the VIP innervations of the pial arteries were mainly located at the adoventitiomedial junction (Figs.4 and 5).

Fig.4.

Photomicrograph illustrating the cross section of pial arteries with VIP-IR nerve fibers. VIP-IR nerve
fibers locate at the adoventitio-medial junction. Scale bar, 50 pm.
Fig.5.

Showing the enlargement of the Fig.4. Scale bar, 50 pm.
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In the middle sized arteries (about 100 ,um in diameter: Figs.6 and 7) on the present study, the
two type patterns of VIP-IR nerve fibers were present (Figs.6 and 7). One type of arteries was
arranged in a meshwork pattern of VIP-IR nerve fibers (Fig.6). The another type was mainly consisted
of VJP.JR long longitudinal nerve fibers and the oblique nerve fibers participated in these fibers
(Fig.7). First type was observed predominantly in these middle sized arteries.

-

6

Fig.6.
Photomicrograph illustrating VIP-IR nerve fibers around the middle pial artery (about 100 ,um in di·
ameter). These fibers showing a fine meshwork pattern. Scale bar, 50 /.lnl.

Fig.?.
Photomicrograph illustrating VIP-IR nerve fibers around the middle pial artery (about 100 ,um in eli·
ameter). These fibers consist of long longitudinal and oblique nerve fibers. Scale bar, 50 pm.
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In the small sized arteries (about 50 ,urn in diameter: Figs.S-15), the VIP-IR nerve fibers were
showed mainly a few long longitudinal fibers, and circumferential or oblique fibers consisted of over a
vessel wall (Figs.8 and 9). In these small sized arteries, thick VIP-IR fiber bundles were also observed
(Figs 8 and 9, arrow head). The longitudinal and oblique fibers with small vaicosities were located
over an artery wall. The distribution of VIP-IR fibers in ramification vesses decreased or got lost
(Figs.10-12).

10
Fig.8. Photomicrograph illustrating VIP-IR nerve plexus around small pial arteries (about 50 ,um in
diameter). These fibers showing a fine meshwork pattern. Scale bar, 50 pm.

Fig.9. Photomicrograph illustrating VIP-IR nerve fivers consisted of longitudinal and oblique fibers
around small pial artery (about 50 ,urn in diameter). Scale bar, 50 ,urn.

Fig.10. Photomicrograph illustrating the VIP-IR nerve plexus consisted of a single or a few fibers
around small pial artery (about 50 pm in diameter) and branched arterioles (about 10 ,urn in diameter).
The extensional region in the small artery is devoid of a VIP-IR nerve fiber. Scale bar, 50 ,urn.
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In the arterioles (diameter;;;;.; 30 ,um: Figs.ll-14 ), the VIP -IR nerve fibers located a single or a few
longitudinal fibers and showed sometimes a few oblique fibers (Figs.ll and 13). Furthermore, VIP-IR
fibers were not observed the extensional region in the arterioles or branched smaller arterioles (Figs.
10-12 and 14).

-
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Fig.11.

Photomicrograph illustrating VIP-IR nerve fibers ran along small pial arteries (about 50 ,um) and
branched arteriole( about 10 ,um in diameter) included VIP-IR nerve fibers. Scale bar, 50 ,am.
Fig.12.

Photomicrograph illustrating VIP-IR nerve fibers ran along small pial artery (about 40 11m in diameter) and branched arterioles (about 10 ,um in diameter) showed that excluding nerve fibers. Scale
bar, 50 pm.
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14
Fig.13.

Photomicrograph illustrating VIP-IR longitudinal nerve fibers ran along pial arterioles

(diameter~ 30

pm). All arterioles include nerve fibers. Scale bar, 50 ,urn.
Fig.14.

Photomicrograph illustrating branched pial arterioles

(diameter~30 11m).

arterioles excluded VIP-IR nerve fibers. Scale bar, 50 ,urn.
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Discussion

The results of the present investigation have shown that small pial arteries of the horse shoe bat

(Rhinolophs ferrumequimun) are richly supplied by vasoactive intestinal peptidergic (VIP) nerve fibers.
This finding is based on VIP immunohistochemical staining procedure. In the previous study 181 , sympathetic and other peptidergic innervations were demonstrated the pial arteries and its branches. The
consistency of innervation revealed in this study shows the role of the VIP nervous system in the regulation of pial blood flow· 11 •
While YIP-immunoreactive (IR) fivers were seen in each of the various sized arteries without
some arteriole, and the greatest VIP-IR density of fibers was observed in the thickest artery in the
present study. The distribution pattern of VIP-IR nerve fiver differed somewhat depending on the
same sized arteries or the region of the same arteries.
The density of VIP nerves innervating blood vessels in the central nervous system varies between species, high one is in pig, cat and rat, and low one is in monkey, mouse and rabbit 10.1 91 . Strongly labeled VIP-IR fibers were observed in various sized pial arteries of the bat and these were made a
meshwork pattern. The present study of the bat suggested that the VIP innervation of small pial arteries was a strong density group in numerous species.
Some small arteries (diameter;;;;;30 pm) and arteriole were sometimes devoid of the VIP-IR nerve
fiber as sympathetic noradrenergic nerve fibers in encephalic pial arteries of the horse shoe batl 81 • In
such cases, it is supposed that the region of the blood vessels receives the innervation of another peptide or some neurotransmitter 20 . 221 • Furthermore, the region devoid of VIP-IR nerve fivers is regulated
by the VIP-IR nerve fibers on the wall of vessel before ramification. These hypotheses are supported
by the report that VIP produces a close related relaxing effect on the cat middle cerebral artery<l.l 01 and
on the bovine anterior choroidal artery 91 , furthermore, the increase in blood flow is accompanied by an
increase in cerebral oxygen consumption and changes in electroencephalographic profiles in the baboon following opening of the blood-brain barrier 61 • While pial arteries are innervated by numerous
peptides and neurotransmitters 20 . 251 • Especially, a recent investigation revealed that VIP stimulates cyclase activity in microvessels isolated from the rat cerebral cortex and that this activation is specific
for the peptide and independent of catecholamine and prostaglandin effects 261 •
Acknowledgments

The authors wish to thank the Environment Agency of Japan and the Section of Nature Conservation in Akita Prefectural Office of Japan for helpful collection of the bats in this study.
References

1 ) Said SI, Mutt V: Polypeptide with broad biological activity: Isolation from small intestine. Science
169:1217-1218, 1970.
2) Said SI, Mutt V: Isolation from porcine intestinal wall of a vasoactive octacosapeptide related to
secretin and to glucagon. Eur J Biochem 28: 199-204, 1972.
3) Said SI, Rosenberg GN: Vasoactive intestinal polypeptide: Abundant immunoreactivity in neural
cell lines and normal nervous tissue. Science 192:907-908, 1976.
4) Larson JJ. Eclvinsson L, Hakanson RO, et al.:Immunohistochemicallocalization of vasodilatory
polypeptide (VIP) in cerebrovascular nerves. Brain Res 113:400-404, 1976.
-51

Akita University
(52)

Immunohistochemical Study of VIP Containing Nerve Fivers in Pial Arteries of the Bal

5) Heistad DD, Marcus lv!L, Said SI, et al.: Effect of acetylcholine and vasoactive intestinal peptide on
cerebral blood flow. Am J Physiol 239:73-80, 1980.
6) McCulloch J. Edvinsson L:Cerebral circulatory and metabolic effects of vasoactive intestinal
polypeptide. Am J Physiol 238:449-456, 1980.
7 ) Wei EP, Kontos HA, Said SI: Mechanism of action of vasoactive intestinal polypeptide in cerebral
arterioles. Am J Physiol 239:765-768, 1980.
8) Larsen

JJ. Boeck V, Ottesen B:Effect of vasoactive intestinal polypeptide on cerebral blood flow

in the goat. Acta Physiol Scand 111:471-474,1981.
9) Lindvall M, Alumets J. Edvinsson L, eta!.: Peptidergic (VIP) nerves in the mammalian chorioid
plexus. Neurosci Lett 9:77-82, 1978.
10) Duckles SP. Said SI: Vasoactive intestinal peptide as a neurotransmitter in the cerebral circulation. Eur J Physiol 78:371-374, 1982.

11) Kosak a T, Kosak a K. Hataguchi Y, et a!.: Catecholaminergic neurons containing GABA-like and/or
glutamic acid decarboxylase-like immunoreactivities in the various brain region of the rat. Exp
Brain Res 66:191-210, 1987.
12) Iijima K, Ohtomo K: Immunocytochemical study using GABA antiserum for the demonstration of
inhibitory neurons in the rat locus ceruleus. Amer J Anat 181:43-52, 1988.
13) Iijima K, Sa to M, Kojima N, Ohtomo K: Immunocytochemical in situ hybridization evidence for the
coexistence of GABA and tyros in hydroxylase in the rat locus ceruleus. A nat Rec 234:593-604,
1992.
14) Sternberger L A: The unlabeled antibody peroxidase-antiperoxidase (PAP) method. Sternberger
LA (ed.) Immunohistochemistry 3rd Ed. pp. 90-209, John Willey and Sons, New York, 1986.
15) Graham RC, Karnovsky MJ: The early stages of injected horseradish peroxidase in the proximal
tubules of mouse kidney: Ultrastructural cytochemistry by a new technique. J Histochem Cytochem
14:291-302, 1966.
16) Bakst I, Morrison J H, Amaral D F: The distribution of somatostatin-like immunoreactivity in the
monkey hippocampal formation. J Comp Neurol 236:423-442, 1985.
17) Rentrop M, Knapp B, Winter H, Schweizer J: Aminoalkylsilane-treated glass slides as support for
in situ hybridization of keratin cDNAs to frozen tisuue section under varying fixation and pretreatment conditions. Histochem J 18:271-276. 1986.
18) Ohtomo K, Kawamura K, Yoshizaki K: Immunohistochemical study of sympathetic noradrenergic
nerve fibers in encephalic pial arteries of the horse shoe bat. Bull. Coli. Allied Med. Sci. Akita Univ.
3:4 9-60, 1995.
19) Edvinsson L, Fahrenkrug J. Owman C, eta!.: VIP( vasoactive intestinal peptide)-containing nerves
of intracranial arteries in mammals. Cell Tissue Res 208: 135-14 2, 1980.
20) Lacroix JS. Anggard A. Hokfelt TO. et a!.: Neuropeptide- Y: presence in sympathetic and parasympathetic innervation of nasal mucosa. Cell Tissue Res 259: 119-128, 1990.
21) Messenger JP. Furness JB: Distribution of enteric nerve cells that project to the coeliac ganglion
of the guinea-pig. Cell Tissue Res 269: 119-132, 1992.
22) Turuta T, Masuko S, Watanabe H: Immunohistochemical study of the sympathetic and sensory innervation to blood vessels of the dog forepaw. Tohoku J Exp Med 168:549-560, 1992.
23) Chedotal A, Hamel E:Serotonin-synthesizing nerve fibers in rat and cat cerebral arteries and

52

Akita University

Kazuo 0JITOMO, Koin KAWAMURA and Katsuaki YosHJZAKJ

(53)

arterioles: immunohistochemistry of tryptophan-5-hydroxylase. Neurosci Lett 116:269-27 4, 1990.
24) Cohen Z, Bonvento G, Lacombe P, eta!.: Cerebrovascular nerve fibers immunoreactive for
tryptophan-5-hydroxylase in the rat: distribution, putative origin and comparison with sympathetic
noradorenergic nerves. Brain Res 598:203-214, 1992.
25) Keler JT, Marfurt CF, Dimlich RVM, et al.: Sympathetic innervation of the supuratentorial dura
mater of the rat. J Camp Neural 290:310-321, 1989.
26) Huang M, Rorstand 0 P: Effects of vasoactive intestinal polypeptide, monoamines, prostaglandins
and 2-chloroadenosine on adenylate cyclase in rat cerbral microvessels. J Neurochem 40:719-726,
1983.

I
I

II
I

I
I
I

I

I

f

I~
I~
I

I
I

53

