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Receptors for vasoactive intestinal peptide (VIP) and pituitary adenylate
cyclase-activating polypeptide (PACAP) in the goose cerebral cortex were char-
acterized using two approaches: (1) in vitro radioreceptor binding of [���I]-VIP,
and (2) effects of peptides from the VIP/PACAP/secretin family on cyclic AMP
formation. The binding of [���I]-VIP to goose cortical membranes was rapid,
stable, and reversible. Saturation analysis resulted in a linear Scatchard plot,
suggesting binding to a single class of receptor binding sites with a high affinity
(K� = 0.76 ± 0.13 nM) and high capacity (B��� = 70 ± 7 fmol/mg of protein).
Various peptides displaced the specific binding of 0.12 nM [���I]-VIP to the
goose cerebral cortical membranes in a concentration-dependent manner. The
relative rank order of potency of the tested peptides to inhibit [���I]-VIP
binding to the goose cerebrum was: PACAP�� � mammalian VIP � PACAP��

� chicken VIP >>> PHI (peptide histidine-isoleucine) >> secretin (inactive).
About 52% of specific [���I]-VIP binding sites in the goose cerebral cortex
was sensitive to 5’-guanylimidodiphosphate [Gpp(NH)p], a nonhydrolyzable
analogue of GTP. PACAP�� and PACAP�� potently stimulated cyclic AMP
formation in the goose cerebral cortical slices in a concentration-dependent
manner, displaying EC�� values of 45.5 nM and 51.5 nM, respectively.
Chicken VIP was markedly less potent than both forms of PACAP, mammal-
ian VIP only weakly affected the nucleotide production, while effects
evoked by PHI were negligible. It is concluded that the cerebral cortex of
goose contains VPAC type receptors that are labeled with [���I]-VIP and are
positively linked to cyclic AMP formation. In addition, the observed
stronger action of PACAP, when compared to VIP, on cyclic AMP produc-
tion in this tissue suggests its interaction with both PAC� and VPAC recep-
tors.
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Abbreviations: CNS – central nervous system,
Gpp(NH)p – 5’-guanylimidodiphosphate, PACAP
– pituitary adenylate cyclase-activating polypep-
tide, VIP – vasoactive intestinal peptide, VPAC –
receptors for VIP/PACAP

INTRODUCTION

Vasoactive intestinal peptide (VIP) is a 28-amino
acid polypeptide originally isolated from porcine
duodenum [31]. VIP belongs to a superfamily of
structurally related bioactive polypeptides, which
also includes pituitary adenylate cyclase-activating
polypeptide (PACAP), secretin, glucagon, glucagon-
like peptide-1 (GLP-1), glucagon-like peptide-2
(GLP-2), glucose-dependent insulinotropic polypep-
tide (GIP), growth hormone-releasing hormone
(GHRH), peptide histidine-isoleucine (PHI) and its
human counterpart, peptide histidine-methionine
(PHM) [34]. The primary structure of VIP is highly
conserved among lower and higher vertebrates
[8, 15, 34], being identical in ten out of twelve
mammalian species studied thus far, i.e. human,
monkey, dog, cow, goat, pig, sheep, rabbit, rat and
mouse [34]; exceptions are guinea pig and opos-
sum [4, 6]. VIP present in non-mammalian verte-
brates (goldfish, bowfin, dogfish, cod, trout, frog,
alligator, hen, turkey) shares 82–86% amino acid
sequence identity with the common mammalian
peptide (frequently referred to as human/rat/por-
cine VIP). Chicken/turkey VIP differs from its
mammalian counterpart at four positions (Thr�� �

Ser��, Leu�*� Phe�*, Ile+) � Val+), and Asn+, �

Thr+,) [22, 41].
VIP is widely distributed in the gastrointestinal,

respiratory, genitourinary and endocrine system of
various animal species [30]. VIP-containing neu-
rons have also been found in the central nervous
system (CNS) of mammals and birds [13, 16, 17,
30]. Numerous studies have shown that the peptide
exerts pleiotropic physiological functions. In addi-
tion to its role as a neurotransmitter/neuromodulator,
VIP has also been demonstrated to act as a hor-
mone/neurohormone, a neurotrophic or neuroprotec-
tive factor, a growth factor, an anti-inflammatory
and immunomodulatory agent (e.g. [3, 8–10, 34]).
Various biological effects of VIP are mediated
through interaction with two receptor types,
namely VPAC� and VPAC+ receptors, that recog-
nize with a similar high affinity both VIP and PA-

CAP. PACAP can also bind to another receptor
type, called PAC�, that exhibits modest or weak af-
finity for VIP [11]. These three receptors are mem-
bers of a large family of G-protein-coupled recep-
tors, and are linked preferentially to adenylyl cy-
clase, stimulating its activity [11, 18].

In contrast to mammals, relatively little is known
about VIP-like peptides in birds. In the present
study, which is an extension of our studies on VIP
and PACAP in the avian CNS, receptors for VIP
and PACAP in the goose cerebral cortex were char-
acterized using two approaches: (1) in vitro ra-
dioreceptor binding of [�+#I]-VIP, and (2) analysis
of the effects of various peptides from the VIP/PA-
CAP/secretin family on cyclic AMP formation in
cortical slices.

MATERIALS and METHODS

Animals

Experiments were performed on 10–14 days old
geese (Anser anser) of both sexes. The animals
were purchased locally on the day of hatching, and
kept in temperature-controlled warmed brooders
(30 ± 1°C for the first 2 days and 26 ± 1°C after-
wards) with standard food and tap water available
ad libitum. The geese were killed by decapitation,
their brains were quickly removed, and cerebral
cortex was isolated and processed for biochemical
measurements. The experiments were carried out in
strict accordance with the Polish governmental
regulations concerning experiments on animals
(Dz.U.97.111.724).

[125I]-VIP binding

The binding assay was performed on membrane
fraction of the goose cerebral cortex prepared by
a method of Meunier et al. [21] with some modifi-
cation [43]. In brief, frozen tissue was thawed prior
to assay as needed and homogenized in 1 : 50 w/v
ice-cold 50 mM Tris-HCl buffer (pH 7.4) contain-
ing 5 mM MgCl+ and 0.5 mg/ml bacitracin, using
a Teflon-glass homogenizer. The homogenate was
centrifuged at 4°C for 15 min at 1 000 × g. The col-
lected supernatant was centrifuged at 4°C for 15 min
at 48 000 × g. The final pellet was resuspended in
50 mM Tris-HCl buffer (pH 7.4), containing 5 mM
MgCl+ and a mixture of proteinase inhibitors: 1 mM
PMSF, 0.5 mg/ml of bacitracin and 20 �g/ml of
aprotinin, to yield a protein concentration of ap-
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proximately 1.0 mg/ml. Protein content was deter-
mined by the method of Lowry et al. [19], with the
bovine serum albumin as a standard.

Membranes (40–50 �g of protein) were incu-
bated for 30 min (with the exception of kinetic stud-
ies, where incubation time varied) at 24°C in 50 mM
Tris-HCl buffer (pH 7.4), 5 mM MgCl+, 1 mM
PMSF, 0.5 mg/ml of bacitracin and 20 �g/ml of
aprotinin, in a total volume of 150 �l with the indi-
cated concentrations of [�+#I]-VIP (0.12 nM for ki-
netic and displacement studies, and 0.025–1.2 nM
for saturation studies). The incubation was stopped
by rapid dilution of samples with 3 ml of ice-cold
washing buffer (50 mM Tris-HCl buffer, 0.5 mM
EDTA, 0.2% bovine serum albumin; pH 7.4). The
bound radioactivity was subsequently separated
from the free form by rapid filtration under vacuum
through the glass fiber filters (GF/B; Whatman
Ltd., Maidstone, UK), presoaked overnight in the
washing buffer containing 0.5% polyethylene-
imine. Filters were washed twice with the washing
buffer and the radioactivity retained on the filters
was measured in a LKB-Wallac �-counter.

Assay of cyclic AMP formation

Cerebral cortical cross-chopped slices (250 �m,
prepared with McIlwain tissue chopper) were sus-
pended in cold, O+/CO+ (95:5)-gassed, glucose-
containing modified Krebs-Henseleit medium
(KHM; mM): 118 NaCl; 5 KCl; 1.3 CaCl+; 1.2
MgSO-; 25 NaHCO*; 11.7 D-glucose; pH 7.4. The
synthesis of [*H]cyclic AMP in [*H]adenine pre-
labeled cortical slices was determined using the
method of Shimizu et al. [35]. The formed [*H]cy-
clic AMP was isolated by sequential Dowex-
alumina column chromatography according to
Salomon et al. [32]. The results were individually
corrected for a percentage recovery (the mean re-
covery was 30–40%) with the aid of [�-C]cyclic
AMP added to each column system prior to the nu-
cleotide extraction. The accumulation of cyclic
AMP during a 15-min stimulation period was as-
sessed as a percentage of the conversion of
[*H]adenine to [*H]cyclic AMP.

Chemicals

[2,8-*H]Adenine (sp. activity 24.2 Ci/mmol)
and [�+#I]-VIP (human/rat/porcine) (sp. activity
2200 Ci/mmol) were purchased from Perkin Elmer
Life Sciences Inc. (Boston, MA, USA). [8-�-C]Cy-
clic AMP (sp. activity 56 mCi/mmol) was from

Moravek Biochemicals Inc. (Brea, CA, USA).
Aprotinin, bacitracin, 5’-guanylimidodiphosphate
(Gpp(NH)p), PACAP+. (mammalian), and phenyl-
methylsulfonyl fluoride (PMSF), were purchased
from Sigma Chemical Co. (St. Louis, MO, USA).
PACAP*, (mammalian), PHI (porcine), secretin,
VIP (human/rat/porcine), and VIP (chicken) were
obtained from Neosystem (Strasbourg, France).
Other chemicals were of analytical purity and were
purchased from commercial sources, mainly from
Sigma. All drug solutions were prepared immedi-
ately before use.

Data analysis

All data are expressed as means ± SEM, and
were analyzed using the Prism software (Graph-
Pad, San Diego, CA, USA). For statistical evalua-
tion of the results, ANOVA was used, followed by
post-hoc Student’s-Newman-Keuls test. The ob-
served rate constant (k��) and the dissociation rate
constant (k���) were calculated using pseudo-first-
order equations of the kinetic data. The association
rate constant (k��) was obtained from the equation
k�� = (k�� – k���)/L, where L is the concentration of
the radioligand used. The equilibrium dissociation
constant (K�) was obtained from the ratio of the
rate constants: K� = k���/k��. The half-lives (t���) of
association and dissociation were determined from
the plots of the association and dissociation time
courses, respectively. Apparent K� and B�	
 values
were obtained by Scatchard analysis of the data
from saturation binding experiments. K� values
were calculated by the method of Cheng and Pru-
soff [1] from IC#! values obtained from analysis of
competition curves. Hill coefficient (n/) values
were calculated from non-linear analysis of the com-
petition data. EC#! values (concentration of a com-
pound that produces 50% of maximum response)
were calculated from non-linear analysis of the
dose-response data.

RESULTS

In preliminary experiments, optimal assay con-
ditions (temperature, filters, and linearity of bind-
ing with tissue concentration) were established. Spe-
cific binding was defined in the presence of 1 �M
PACAP*, and represented 58–70% of the total
[�+#I]-VIP binding.

The binding of [�+#I]-VIP to membranes of the
goose cerebral cortex was rapid and reversible. At
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24°C the binding equilibrated after 25 min. The

calculated t��� of association was 6.2 ± 0.8 min (n =

4). Following equilibration with 0.12 nM [�+#I]-VIP

for 30 min at 24�C, an excess of competing ligand (1

�M PACAP*,) was added. Displacement of the

bound complex was completed within 45 min (Fig.

1), indicating that the binding of [�+#I]-VIP to the

goose cerebral cortical membranes was reversible.

The calculated t��� of dissociation was 8.0 ± 0.5 min

(n = 4). The calculated values of rate constants were:

k�� = 0.23 ± 0.088 × 10 M2� min2�,

k��� = 0.088 ± 0.002 min2�,

and K� = 0.57 ± 0.27 nM.

Concentration-dependent binding of [�+#I]-VIP

(0.025–1.2 nM) to membranes of the goose cere-

bral cortex was saturable and resulted in a linear

Scatchard plot suggesting binding to a single class

of binding sites (Fig. 2). Scatchard analysis of the

binding data revealed the apparent affinity constant
K� = 0.76 ± 0.13 nM and the maximum number of
binding sites B�	
 = 70 ± 7 fmol/mg of protein (n = 4).
K� values determined in kinetic and saturation ex-
periments were in a good agreement.

Various peptides from the VIP/PACAP/secretin
family displaced the specific binding of 0.12 nM
[�+#I]-VIP to the goose cerebral cortical membranes
in a concentration-dependent manner. However,
the displacement curves for PACAP*,, PACAP+.,
chicken VIP, and mammalian VIP were shallow
(n/ values significantly different from 1), and
could be best analyzed according to a two site-
model (Fig. 3, Tab. 1). Table 1 shows Hill coeffi-
cient (n/) and K� values obtained from simultane-
ous fitting of four to five independent competition
experiments. The relative rank order of potency of
the tested peptides to inhibit [�+#I]-VIP binding to
the goose cerebrum was: PACAP*, � mammalian
VIP � PACAP+. � chicken VIP ���� PHI >> se-
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Fig. 2. Concentration-dependence of [���I]-VIP binding to
membranes of the goose cerebral cortex. The membranes were
incubated with [���I]-VIP (0.025 nM–1.2 nM) at 24°C for 30
min. Non-specific binding was measured in the presence of 1 �M
PACAP��. Specific binding was defined as total binding minus
non-specific binding. Insert: transformation of the saturation
data using the Scatchard method. Mean values of triplicate
determinations in a typical experiment out of four are shown
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Fig. 1. Time-dependence and reversibity of [���I]-VIP binding
to membranes of the goose cerebral cortex. The membranes
were incubated with [���I]-VIP (0.12 nM) at 24°C for the
indicated times. PACAP�� (1 �M) was added (arrow) to some
samples to demonstrate that the binding of [���I]-VIP was
reversible. Mean values of triplicate determinations in a typical
experiment out of four are shown



cretin (inactive) (Fig. 3; Tab. 1). Gpp(NH)p (102�!

– 3 × 102- M), a nonhydrolyzable analogue of GTP,

inhibited binding of [�+#I]-VIP to the goose cere-

bral cortical membranes in a concentration-depen-

dent manner. Gpp(NH)p used at a concentration of

0.3 mM reduced the total [�+#I]-VIP binding by

43%, and the specific binding by 52%. The half-

maximal reduction of the radioligand binding was

obtained for 0.32 ± 0.06 �M (n = 3) nucleotide

(Fig. 4).
The following peptides were tested for their abil-

ity to stimulate cyclic AMP formation in the goose

cerebral cortex: PACAP*, (0.001–1 �M), PACAP+.

(0.001–1 �M), chicken VIP (0.03–1 �M), mamma-

lian VIP (0.03–1 �M), and PHI (1 and 3 �M). Of

the tested peptides, the most effective were PA-

CAP*, and PACAP+., which at the highest tested

concentration (1 �M) produced a net increase in
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Fig. 3. Competition curves for the inhibition of [���I]-VIP
binding to membranes of the goose cerebral cortex by various
peptides. The membranes were incubated with 0.12 nM
[���I]-VIP and various concentrations of the peptides. cVIP –
chicken VIP, mVIP – mammalian (human/rat/porcine) VIP, PHI
– peptide histidine-isoleucine. PACAP��, PACAP��, cVIP and
mVIP were tested in the concentration range between
10���–10��M, while PHI and secretin: 10���–10�� M. The results
are expressed as a percentage of the specific binding (deter-
mined in the presence of 1 �M PACAP��) and represent the
mean ± SEM values of 4–5 independent experiments, each
performed in triplicate
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Fig. 4. Inhibition of [���I]-VIP binding to membranes of the
goose cerebral cortex by a stable GTP analogue, Gpp(NH)p.
The membranes were incubated with 0.12 nM [���I]-VIP and
various concentrations (10���–3 × 10�	M) of Gpp(NH)p. The
results are expressed as a percentage of the specific binding
(determined in the presence of 1 �M PACAP��) and represent
the mean ± SEM values of 3 independent experiments, each
performed in triplicate

Table 1. Inhibition constant (K� ) values and Hill coefficient (n�)
values of various peptides for competition with [���I]-VIP bind-
ing to membranes of the goose cerebral cortex

Peptide K�� ���� 	
�	

(pM)
K�, 	
�	
(nM)

n�

PACAP� 0.23 ± 0.04

(56 ± 4%)

1.16 ± 0.08 –0.31 ± 0.03

PACAP�� 0.78 ± 0.10

(49 ± 4%)

0.91 ± 0.75 –0.34 ± 0.03

Chicken VIP 1.01 ± 0.12

(59 ± 7%)

1.02 ± 0.19 –0.32 ± 0.02

Mammalian VIP 0.14 ± 0.02

(55 ± 4%)

1.05 ± 0.17 –0.26 ± 0.03

Data are means ± SEM of 4–5 independent experiments, each
performed in triplicate



cyclic AMP production (in per cent conversion) of

1.97 and 2.14, respectively (Fig. 5). The calculated

EC#! values were 45.5 nM for PACAP*, and 51.5

nM for PACAP+.. Chicken VIP appeared to be

about two orders of magnitude less potent than PA-

CAP*, and PACAP+. and, when applied at a 1 �M

concentration, it increased cyclic AMP production

by 0.73% conversion above the control value.

Mammalian VIP at 1 �M produced a net increase in

cyclic AMP formation only by 0.27% conversion.

Both forms of VIP at the used concentration range

did not reach a plateau (indicating a maximal re-

sponse) (Fig. 5), making the calculation of the EC#!

values impossible. PHI applied at a concentration of

3 �M increased cyclic AMP production only by

0.14% conversion above the control value.

DISCUSSION

In the present study, using [�+#I]-VIP as a radio-
ligand, we demonstrated, for the first time, the
presence of specific binding sites for VIP in mem-
branes of the goose cerebral cortex. The binding
sites possess characteristic properties of a receptor,
such as reversibility, and specificity of binding,
high affinity and limited capacity. Scatchard analy-
sis of the binding data gave a linear plot in the
range between 0.025–1.2 nM [�+#I]-VIP, suggesting
binding to a single class of binding sites with high
affinity (K� value of 0.76 nM) and high capacity
(the maximum number of binding sites reached 70
fmol/mg of protein). The calculated affinity of
[�+#I]-VIP for its receptor in the goose cerebrum is
in agreement with a low nanomolar range of affin-
ity for this radioligand reported for receptors in
other tissues, including cerebral cortex [43], pineal
gland [21] and liver of chick [27], and hen hypo-
thalamus [7]. The pharmacological profile of
[�+#I]-VIP binding sites in the goose cerebral cor-
tex, with K� values for the tested two forms of VIP
(chicken VIP and mammalian VIP) and the two
forms of PACAP (PACAP*, and PACAP+.) in the
same range, weak interaction with PHI, and almost
no interaction with secretin, indicates that they rep-
resent a VPAC type receptor. Analysis of the inter-
action of VIP and PACAP with [�+#I]-VIP binding
sites in the goose cerebrum gave shallow displace-
ment curves, with Hill coefficient values markedly
lower than 1, that could be best analyzed according
to a two site-model. This in turn suggests displace-
ment of the radioligand from two sites: a very
high-affinity binding site (K� values in the range be-
tween 0.1–1.0 pM) and a high affinity binding site
(K� values around 1 nM). In competitive binding
studies, two binding sites for [�+#I]-VIP, with K�

values of 1.5 pM and 0.54 nM, were also demon-

strated in membranes of turkey anterior pituitary
[29]. Approximately half of the specific [�+#I]-VIP
binding sites in membranes of the goose cerebral
cortex showed high affinity for VIPs and PACAPs.
The tested forms of VIP and PACAP displaced
[�+#I]-VIP from the high affinity site in the goose
cerebral cortex with K� values similar to the equi-

librium dissociation constant obtained in the satu-

ration studies. There are two likely explanations for
the discrepancy between the results of saturation
experiments (single class of high affinity binding
sites, in nanomolar range) and competition studies
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Fig. 5. Effects of various peptides on [�H]cyclic AMP formation
in [�H]adenine pre-labeled slices of the goose cerebral cortex.
The slices were incubated for 15 min with various concentra-
tions of PACAP��, PACAP�� (both at 0.001–1 �M), chicken VIP
(cVIP), or mammalian VIP (mVIP) (both at 0.03 – 1 �M). The
results, expressed as % conversion, show net increases (�) above
control values, and represent the means ± SEM (n = 6–21).
Control values (% conversion): PACAP��, 0.10 ± 0.02 (n = 7),
PACAP��, 0.38 ± 0.02 (n = 5); cVIP, 0.17 ± 0.03 (n = 8); mVIP,
0.30 ± 0.07 (n = 7)



(two classes of binding sites with very high and
high affinities for VIP-like peptides, in picomolar
and nanomolar range, respectively). As VPAC re-
ceptors belong to a superfamily of G-protein-
coupled receptors (GPCR), the biphasic nature of
the displacement curves for the selective agonists
reported in this study could in fact reflect different
conformational states of the same receptor, as al-
ready reported for numerous GPCR [2, 36]. Alter-
natively, these two binding sites may represent two
subtypes of VPAC type receptors, but the subtype
with very high affinity could not be detected in
saturation experiments because of a marginal radio-
activity signal. It should be noted that until now
only one type of avian VIP receptor has been
cloned. The cDNA of the chicken VIP receptor
shows 65% and 60% homology to cDNA of human
VPAC� and VPAC+ receptors, respectively [14].
A high degree of similarity has also been reported
between cDNA of the turkey VIP receptor and rat
VPAC� and VPAC+ receptors [40].

In order to assess the coupling state of VPAC
receptors in the goose cerebral cortex, we analyzed
the effects of Gpp(NH)p, a stable analogue of GTP,
on the specific binding of [�+#I]-VIP. Results of
these studies revealed that [�+#I]-VIP binding sites
can be differentiated into two subtypes: Gpp(NH)p-
sensitive and Gpp(NH)p-insensitive. Fourty eight
per cent of the specific radioligand binding sites in
the goose cerebral cortex are insensitive to
Gpp(NH)p. A similar pattern was previously found
in the cerebral cortex and liver of chick [27, 43].
The physiological role of Gpp(NH)p-insensitive
[�+#I]-VIP binding sites is at present not fully un-
derstood. It has been suggested that those GTP-
insensitive receptors may be involved in trophic ef-
fects and growth promoting actions of VIP [12, 27].
Furthermore, it has recently been proposed that
GTP-insensitive VIP binding sites could represent
a novel, distinct subtype of VPAC receptors which
binds PHI with high affinity [27]. In our studies, we
have found that PHI competed with approximately
half of the specific [�+#I]-VIP binding sites in the
cerebral cortex of goose, although with low affin-
ity. Whether the GTP-insensitive VIP binding sites
in the cerebral cortex of goose can be effectively
recognized by PHI, like those in the chick liver
[27], remains to be established.

In another set of experiments, using the [*H]ade-
nine pre-labeling technique, we have demonstrated
that various peptides from the VIP/PACAP/secretin

family stimulated cyclic AMP formation in the
goose cerebral cortex. The observed relative rank
order of potency (PACAP*, = PACAP+. >>> chicken
VIP > mammalian VIP >> PHI) suggests that the
studied action is mediated predominantly via PAC�

type receptor. Part of the cyclic AMP-stimulating
activity of the tested forms of PACAP and VIP
might also result from their interactions with VPAC
type receptors, a situation resembling those ob-
served in the chicken cerebral cortex and hypo-
thalamus [24, 25], rat cerebral cortex and hypo-
thalamus [24, 25], and guinea pig cerebral cortex
(J.B. Zawilska, A. Dejda, and J.Z. Nowak, unpub-
lished observations). What seems important, we
have recently demonstrated that the density of
PAC�-type receptor binding sites in the cerebral
cortex of chick is 20-times higher than that of
VPAC-type receptors [43, 44].

Mammalian (human/rat/porcine) VIP was sig-
nificantly less potent than its chicken counterpart in
stimulating cyclic AMP production in the turkey
cerebral cortex. A similar phenomenon has recently
been found in the cerebral cortex and hypothala-
mus of chick and rat [24]. Based on these observa-
tions it can be speculated that changes in the se-
quence of the amino acid residues in the mamma-
lian VIP compared to the chicken peptide may
decrease the intrinsic activity of the peptide, result-
ing in its lower functional affinity for the receptor.

In contrast to mammals, relatively little is
known about the physiological role of VIP in birds,
except for its rather firmly established function of
an endocrine regulator. The accumulated evidence
indicates that in several avian species a major role
of central VIP involves regulation of synthesis and
secretion of the anterior pituitary hormone, prolac-
tin (PRL). It has been demonstrated that VIP in-
creases the transcription of the gene encoding PRL
[37–39], enhances PRL mRNA stability [39], ele-
vates the hormone secretion [5, 20, 33]. Hypophys-
ial portal blood VIP levels are closely correlated to
plasma PRL concentrations during the turkey re-
productive cycle [42]. In addition, VIP has been
also shown to stimulate the synthesis/secretion of
melatonin in the chicken pineal gland [21, 28]. Us-
ing immunohistochemistry and in situ hybridiza-
tion histochemistry, a widespread distribution of
VIP-ergic fibers has been demonstrated in the brain
of chick [16, 17] and pigeon [13]. Recent studies
have shown that mRNA encoding chicken VIP re-
ceptor [14] and turkey VIP receptor [40] are ex-
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pressed at high levels in the brain tissues. These ob-
servations, together with the ability of VIP to stimu-
late cyclic AMP production in the cerebral cortex of
various avian species [present results; 24, 25], PKC
activity in chick cerebrum [23], and inositol phos-
phate formation in the hypothalamus of chick [26],
suggest that VIP may function in the avian brain
not only as an endocrine regulator, but also as a neu-
romodulator of an array of physiological processes.
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