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Summary. Vasoactive intestinal peptide (VIP) is known 
as a potent regulator for the development of the central 
nervous system (CNS). The neonatal period of brain 
development i s  characterised by rapid cellular 
proliferation in parallel with neuronal differentiation and 
angiogenesis. We examined the expression of native VIP 
and the VIP receptor-associated protein by immuno- 
histochemistry as well as the expression of VIP mRNA 
by in situ hybridisation in the brain stem of newborn 
piglets. We found both the mRNA and the protein of VIP 
as  well as  the VIP receptor-associated protein in 
endothelial cells of veins, arteries and capillaries in the 
marginal zone of brain stem tissue sections, especially in 
pons and mesencephalon, as well as in pia1 vessels. The 
coexpression of native VIP, VIP mRNA and the VIP 
receptor-associated protein within the endothelium 
suggests the presence of an autocrine loop, which has 
been detected so far only in neuroblastoma cells. This 
expression pattern gives evidence to the immaturity of 
endothelial cells at birth and the presence of an adaptive 
response in the VIP-regulated system during the change 
from intra- to extrauterine life. 
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Introduction 

Vasoactive intestinal peptide (VIP) is a member of 
the secretin/glucagon peptide family. It is a 28 amino 
acid peptide with a molecular weight of 3326 Da 
(Bodanszky et al., 1974; Said, 1984) and has been found 
in cholinergic and peptidergic neurons of the peripheral 
and central nervous system. VIP is produced as  a 
precursor protein, prepro-VIP, which is then cleaved to 
VIP. The prepro-VIP contains other biologically active 
peptides such as  the peptide with terminal methio- 

Offprint requests to: Prof. Dr. Uwe Wollina, Department of Dermatology, 
Friedrich-Schiller-University of Jena, Erfurter StraBe 35, D-07740 Jena, 
Germany. e-mail: uwol@derma.uni-jena.de 

ninamide (PHM) and the peptide with terminal iso- 
leucinamide (PHI), respectively (Itoh et al., 1983). These 
peptides are responsible for vasodilatation, relaxation of 
smooth muscles and stimulation of glandular secretion in 
various organs (Fahrenkrug, 1989). 

In the central nervous system VIP acts as neuro- 
transmitter and neuromodulator. Recent work has also 
suggested an important role in neuronal development. In 
vivo, VIP stimulates mitogenesis, induces secretion of 
t rophic factors  and supports  neuronal  survival  
(Brenneman et al., 1987, 1990). During the embryonic 
and fetal  period, maternal VIP  seems to support 
embryonic development by stimulating growth and 
differentiation. These effects are mediated by G-protein 
linked VIP-receptors which are already expressed 
prenatally (Gilman, 1984; Hill et al., 1994). 

The occurrence of VIP in the perivascular plexus of 
cerebral vessels acting as a vasodilator is well known 
(Larsson et al., 1976; Sims et al., 1980; Tsai et al., 1992; 
Dauphin and Mackenzie, 1995; Zhu et al., 1997; 
Paspalas and Papadoupoulos, 1998). Perivascular VIP 
and noradrenaline-containing fibres have been localized 
in close proximity suggesting a combined action of both 
as vasodilatators in cerebral vessels (Zhu et al., 1995; 
Paspalas and Papadoupoulos, 1998). VIP receptors have 
been found in vascular smooth muscle cells (Lee and 
Saito, 1984; Poulin et al., 1986; Sidawy et al., 1989; 
Miao and Lee, 1991) but also at the lumina1 surface of 
cerebral vessels (O'Dorisio, 1987) and in cultured 
endothelial cells (Pasyk et al., 1992). Endothelium- 
dependent (Duckles and Said, 1982; Lee and Saito, 
1984; Edvinsson et al., 1985) as well as endothelium- 
independent (Lee and Saito, 1984; Miao and Lee, 1991) 
VIP-induced vasodilatations have been described. 

Human umbilical vessels express VIP (Cai et al., 
1993). However, VIP has not been found in adult 
vascular endothelium (Chedotal et al., 1994). The 
precise function, significance and duration of the 
endothelial VIP expression is still not well understood. 

The aim of this study was to investigate the role of 
VIP in the cerebral brain stem vasculature during very 
early postpartal adaptation. Therefore we examined the 
expression of VIP, VIP mRNA and the VIP receptor- 












