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Rapid desensitization of receptors for pituitary adenylate cyclase-activating polypep-
tide (PACAP) in chick cerebral cortex. P. NIEWIADOMSKI, J.Z. NOWAK, P. SÊD-
KOWSKA, J.B. ZAWILSKA. Pol. J. Pharmacol., 2002, 54, 717–721.

Pituitary adenylate cyclase-activating polypeptide (PACAP38) potently stimulates
cyclic AMP formation in slices of chick cerebral cortex. One- to fifteen-minute pretreat-
ment of slices with 30 nM PACAP38 led to a time-dependent attenuation (when com-
pared with values observed in the control tissue) of the cyclic AMP response produced by
subsequent re-stimulation with 1 �M PACAP38. Concentration-response curve for re-
stimulation with PACAP38 applied at 0.01–1 �M to tissue slices preincubated for 15 min
with 30 nM PACAP38 revealed dose-dependent decreases in subsequent cyclic AMP re-
sponses by 16–37%. It is concluded that in chick cerebral cortex, the receptors mediating
PACAP-driven cyclic AMP responses (PAC1 receptors) undergo rapid homologous de-
sensitization.
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INTRODUCTION

Based on its structural formula and similarity to
other peptides, the pituitary adenylate cyclase-acti-
vating polypeptide (PACAP) has been classified to
a peptide family that includes, among others, va-
soactive intestinal peptide (VIP), secretin, gluca-
gon, growth hormone-releasing hormone (GHRH),
and peptide histidine-isoleucine (PHI). PACAP is
widely distributed in the central nervous system
and peripheral organs, and exerts pleiotropic phy-
siological functions. In addition to its role as a neu-
rotransmitter or neuromodulator, and particularly
a hypophysiotropic factor, PACAP has also been
demonstrated to be endowed with neurotrophic and
neuroprotective activity [1, 12]. Various biological
actions of PACAP are mediated by three types of
receptors, named PAC1, VPAC1 and VPAC2, be-
longing to the class B of G-protein-coupled recep-
tor (GPCR) superfamily. VPAC type receptors are
common, high-affinity PACAP/VIP receptors, while
PAC1 receptors are specific for PACAP, and under
physiological conditions they are hardly recogni-
zed by VIP. Adenylyl cyclase (AC)/cyclic AMP-re-
lated cascade is a major signaling pathway coupled
to all three receptor types [4, 12].

Recently, we have shown that PACAP potently
stimulates cyclic AMP production in the hypothala-
mus and cerebral cortex of several domestic fowls,
including chick [6–8]. Using [)��I]PACAP27 and
[)��I]VIP as specific radioligands, we have demon-
strated in the chick cerebral cortical membranes the
presence of PAC1 and VPAC type receptors [8, 13],
both being linked to the activation of adenylyl
cyclase-related signal transduction pathway. Since
the density of [)��I]PACAP-labeled receptors large-
ly exceeded the number of specific [)��I]VIP bind-
ing sites (457 vs. 19.5 fmol/mg of protein, respecti-
vely), we assume that the PACAP-driven cyclic
AMP response, at least in the chick cerebral cortex,
results mainly (or even exclusively) from stimula-
tion of the PAC1 type receptors.

In most cases, an exposure of GPCRs to agonis-
tic ligands triggers not only their activation, but
also a chain of events termed desensitization, that
finally results in a reduction of cellular response to
a given compound. This process provides a means
by which agonist-dependent receptor-generated sig-
nal can be physiologically regulated via a self-inhi-
bitory machinery [3, 5]. In this work, we examined
whether the PACAP-stimulated cyclic AMP respon-

se in the avian brain is a subject of a homologous
regulation. The obtained results strongly suggest
that PAC1 receptors occurring in the chick cerebral
cortex undergo a rapid desensitization following
their activation.

MATERIALS and METHODS

Animals

Experiments were carried out on 2–3 weeks old
white male leghorn chicks (Gallus domesticus;
Hy-Line). The animals, purchased on the day of
hatching, were kept in warmed brooders with stan-
dard food and tap water available ad libitum, under
a 12 h light/12 h dark lighting schedule (150 lx;
lights on between 21.30 and 09.30). The experi-
ments were carried out in accordance with the Pol-
ish governmental regulations concerning experi-
ments on animals (Dz.U. 97.111.724) and rules fol-
lowed at the Department of Biogenic Amines.

Assay of cyclic AMP formation

On the day of an experiment, the animals were
killed by decapitation, with lights on, between
09.00–09.30. Each experiment was conducted on
the cerebral cortex rapidly isolated from two birds
and cross-sliced (0.25 mm) with the aid of McIlwain
tissue chopper. The tissue slices were suspended
in O�/CO� (95:5)-gassed, glucose-containing modi-
fied Krebs-Henseleit medium (KHM; mmol/l): 118,
NaCl; 5, KCl; 1.3, CaCl�; 1.2, MgSO*; 25, NaHCO+;
11.7, D-glucose; pH 7.4.

The formation of [+H]cyclic AMP in [+H]adeni-
ne-prelabeled tissues was assayed according to
Shimizu et al. [10]. In receptor desensitization ex-
periments, tissue samples were preincubated with
30 nM PACAP38 for 1, 2, 5, or 15 min at 37	C, and
then washed five times with an excess of ice-cold
O�/CO�-gassed KHM in order to remove the pep-
tide. Next, the tissue slices were stimulated again
for 15 min with 1 �M PACAP38 to study time-de-
pendence of the response, or with increasing con-
centrations of PACAP38 to examine its concentra-
tion-dependence. The reaction was stopped by add-
ing 0.55 ml of an ice cold 10% trichloroacetic acid
to test tubes, the resulting mixture was then ho-
mogenized and centrifuged, and the formed cyclic
AMP was quantified in a supernatant fraction.

The formed [+H]cyclic AMP was isolated by
sequential Dowex-alumina column chromatogra-
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phy according to Salomon et al. [9]. The results
were individually corrected for a percentage recov-
ery with the aid of [)*C]cyclic AMP added to each
column system prior to the nucleotide extraction.
The accumulation of cyclic AMP during a 15-min
stimulation period was assessed as a percentage of
the conversion of [+H]adenine to [)*C]cyclic AMP.

Chemicals

The following substances were used: PACAP38
(Cat. No. A-1439, Sigma St. Louis, MO, USA),
and radioactive compounds: [2,8-+H]adenine (spe-
cific activity 30.0 Ci/mmol) and [)*C]cyclic AMP
(specific activity 51.3 Ci/mmol), both from DuPont-
NEN (Boston, MA, USA).

Data analysis

All data are expressed as means ± SEM values.
To calculate statistical significance between group
means, one-way analysis of variance (ANOVA)
followed by post-hoc Student-Newman-Keuls test
was employed, using the GraphPad software (Graph-
Pad, San Diego, CA, USA).

RESULTS and DISCUSSION

In line with our earlier findings [6–8], PA-
CAP38 (0.01, 0.1 and 1 �M) potently stimulated
cyclic AMP formation in slices of the chick cere-
bral cortex (Fig. 1 and Fig. 2), reaching at the high-
est tested concentration, i.e., 1 �M, a net increase
in per cent conversion ranging from 4.89 to 6.37
(the values representing the lowest and the highest
mean values of 4 separate experiments shown in
Fig. 1), and a rise by 5.26 ± 0.33 per cent conver-
sion (8) obtained in the second set of experiments
(Fig. 2). A total mean value for stimulation of cy-
clic AMP formation produced by 1 �M PACAP38
was 5.17 ± 0.23 (34) per cent conversion.

Chick cerebral cortical slices pretreated with
30 nM PACAP38 for 1, 2, 5 and 15 min exhibited
time-dependent reductions in the magnitude of the
tissue cyclic AMP production following subse-
quent re-stimulation with 1 �M PACAP38. The ob-
served declines (in per cent of a respective time-
point value) were: 5% for 1 min (non significant;
NS), 27% for 2 min (p < 0.05), 51% for 5 min
(p < 0.001), and 43% for 15 min (p < 0.001) (Fig. 1).
A concentration-response curve for re-stimulation
with PACAP38 applied at 0.01, 0.1 and 1 �M to
slices preincubated for 15 min with 30 nM PACAP38

revealed decreases in respective cyclic AMP respon-

ses by 16% (NS), 19% (NS) and 37% (p < 0.001),

respectively (Fig. 2).
The observed reductions in PACAP38-evoked

cyclic AMP responses in two sets of experiments

(i.e., time-dependence and dose-dependence) likely

resulted from desensitization of the adenylyl cycla-

se-linked PAC1 receptors which were pre-exposed

to the peptide. Our data obtained on the avian cere-

brum are thus in line with recent findings coming
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Fig. 1. Time course for PACAP38-induced homologous desen-
sitization of PAC1-receptor mediated cyclic AMP response
in the chick cerebral cortex. The tissue slices were exposed to
30 nM PACAP38 for the time indicated on the x axis. After
extensive washing, the tissues were re-stimulated with 1 �M
PACAP38 for 15 min. Data are means ± SEM of 7–8 values per
group, and represent net increases (above basal level). Top: the
obtained results are expressed in per cent conversion, bottom:
the results were recalculated and shown as per cent of respective
time-point control value (without pretreatment) or per cent
of cumulative control value (each taken as 100%). The cumula-
tive control value was 5.45 ± 0.26 (n = 31) per cent conversion.
* p < 0.05; *** p < 0.001



from two laboratories that described a homologous
desensitization of the type 1 adenylyl cyclase-coupled
PACAP receptor (PAC1 receptor) in mammalian cell
models, i.e., cultured CHO cells transfected with
PAC1-cDNA [11] and human Y-79 retinoblastoma
cells naturally expressing PAC1 receptors [2].

Desensitization of response to an agonist is an
ubiquitous property of most biological systems, as
it helps to prevent their overstimulation and poten-
tial damage. The mechanisms underlying such
a phenomenon may involve several levels within
the cell. The initial step in the stimulus-activity
coupling occurring at the level of the cell mem-
brane receptor, triggers, when activated, further
events in the signal transduction cascade, which be-
come a target for desensitizing processes [3, 5].
Our present results coming from the avian brain,
together with the findings obtained with mamma-
lian cells [2, 11], clearly show that PAC1 type re-
ceptors undergo rapid, homologous desensitization
following exposure to nanomolar concentrations of
PACAP. In human retinoblastoma Y-79 cells, the
homologous desensitization of PAC1 receptors does
not seem to involve a protein kinase A-driven me-
chanism, what could be expected from the fact that
these receptors are positively linked to production
of cyclic AMP. On the other hand, a G-protein-
coupled receptor kinase (GRK) type 3 has been
suggested to catalyze the phosphorylation of the
agonist-activated PAC1 receptors, thus contributing

to the observed regulation of PAC1 receptor signal-
ing [2]. In CHO cells expressing PAC1 receptors,
the homologous (PACAP-evoked) desensitization
of the cyclic AMP response occurred via sequestra-
tion rather than down-regulation of the peptide re-
ceptors, as pre-exposure of the cells to PACAP38
did not cause a reduction in PAC1-mRNA (or pro-
tein) level [11]. It is possible that the PAC1 recep-
tor-desensitizing mechanisms operating in mam-
malian systems (GRK-mediated phosphorylation
or receptor sequestration) may also contribute to
the observed homologous desensitization of the
PAC1 receptor-stimulated cyclic AMP response in
the chick cerebral cortex. Yet, taking into account
the rapidity of the desensitization process observed
in our experimental model (a phenomenon occur-
ring within less than 15 min), both a PKA-depen-
dent phosphorylation of PAC1 receptor or receptor
internalization have also been considered as poten-
tial factors participating in receptor desensitization.
Further experiments are thus required to delineate
which of the mentioned mechanism(s) underlie
a rapid homologous desensitization of the type 1
PACAP receptors in the chick CNS.
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