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Vasoactive intestinal peptide (chicken form; chVIP), peptide histidine-
isoleucine (porcine and rat forms; pPHI and rPHI), D-Phe� derivative of por-
cine PHI (D-Phe�-pPHI), peptide histidine-methionine (PHM; human PHI),
and helodermin, were tested for their ability to stimulate cAMP production
in [�H]adenine-prelabeled slices of chick cerebral cortex (CCx) and hypo-
thalamus (HTh). The chVIP (0.1–3 �M) concentration-dependently and
potently stimulated cAMP production in HTh and CCx; the responses ob-
served after 3 �M of chVIP were comparable to those produced by 0.1 �M
PACAP38. Helodermin (5 �M) moderately but significantly stimulated cAMP
formation in both HTh and CCx, whereas pPHI, rPHI, PHM at 5 �M con-
centration only weakly affected cAMP production in CCx, and were inactive
in HTh; D-Phe�-pPHI was inactive in both tissues. These data demonstrate
that chVIP, PACAP, and to a lesser extent helodermin were capable of
potently stimulating cAMP generation in the avian central nervous system.
PHI-related peptides showed only weak or no activity, depending on the
tissue.
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INTRODUCTION

Vasoactive intestinal peptide (VIP), pituitary
adenylate cyclase-activating polypeptide (PACAP),
peptide histidine-isoleucine (PHI) and its human
analogue peptide histidine-methionine (PHM), as
well as helodermin, are members of the same su-
perfamily of peptides. They share similarities in
primary structure [10, 18, 19] and affinity for com-
mon receptors [5, 9, 14, 22]. They also exert simi-
lar biological effects, such as vasodilatation [11,
25], tracheal smooth muscle relaxation [6, 7, 21],
stimulation of prolactin release [13], insulin and
glucagon secretion [1, 2, 4, 24], regulation of elec-
trolyte transport in the small intestine [3, 8]. In ad-
dition, they have neurotrophic/neuroprotective po-
tential [26, 27].

VIP, PACAP, PHI/PHM are widely distributed
throughout the body tissues in all analyzed verte-
brates, including mammals. Helodermin, originally
isolated from the venom of Gila monster Helo-
derma suspectum [10], is also present at least in
some mammalian tissues [6, 12]. Taking into ac-
count “ubiquity” and variety of biological effects of
the mentioned peptides, it may be suspected that
they function as modulators of various physiologi-
cal processes, yet their precise role(s) remains
largely unknown.

Based on our recent studies showing potent
stimulatory action of PACAP, and to a lesser extent
of VIP (mammalian form), on cAMP generation in
the central nervous system (CNS) of rat and fowls
[15–18, 29, 30], we decided to check whether spe-
cifically chicken form of VIP (which is structurally
different from its mammalian counterpart) and PHI
(rat and porcine forms), PHM and helodermin, af-
fect cAMP production in the chick cerebral cortex
and hypothalamus.

MATERIALS and METHODS

Animals

White male leghorn chicks (Gallus domesticus)
were obtained on the day of hatching from the local
hatchery and kept in warmed brooders with stan-
dard food and water available ad libitum, for
two–three weeks before use. The animals were kept
under a 12 h light/12 h dark lighting schedule (light
on between 21.30 and 9.30). Light intensity near
the floor of the animals’ room was about 150 lux).
On the day of experiment, the animals were killed

by decapitation, their brains were removed, and
cerebral cortex or hypothalamus were isolated and
processed for biochemical measurements. The ex-
periments were performed in strict accordance with
the Polish governmental regulations concerning ex-
periments on animals and rules followed at the De-
partment of Biogenic Amines.

Assay of c AMP formation

Each experiment was carried out on the hypo-
thalamic tissue polled from three–four animals and
cerebral cortex of one–two animals, and repeated
two–three times. Cross-chopped slices (250 �m;
prepared with McIlwain tissue chopper) of the se-
lected brain regions were suspended in cold,
O*/CO* (95:5) gassed, glucose-supplemented mo-
dified Krebs-Henseleit medium (containing in mM:
118 NaCl, 5 KCl, 1.3 CaCl*, 1.2 MgSO+, 1.2 KH*PO+,
25 NaHCO) and 11.7 D-glucose; pH 7.4). The for-
mation of [)H]cAMP in [)H]adenine prelabeled tis-
sues was assayed according to Shimizu et al. [23].
The formed [)H]cAMP was isolated by a sequential
Dowex-alumina chromatography according to Salo-
mon et al. [20]. The results were individually cor-
rected for a percentage recovery with the aid of
[�+C]cAMP added to each column system prior to
the nucleotide extraction. The accumulation of cAMP
during a 15-min stimulation period was assessed as
a per cent of the conversion of [)H]adenine to
[)H]cAMP. Details of the whole procedure were
described by us earlier [16].

Chemicals

The following neuropeptides were used: PHM-27
(human PHI – SC336), PHI (porcine – SC334), he-
lodermin (SC903), (D-Phe+)-PHI (porcine – SC335)
and VIP (chicken – SP022212), all from Neosys-
tem (Strasbourg, France), PHI-27 (rat – P 4420)
and PACAP38 (mammalian – A 1439) from Sigma
(St. Louis, MO, USA). Radiolabeled compounds:
[)H]adenine (specific activity 26.9 Ci/mmol) and
[�+C]cAMP (specific activity 52.3 mCi/mmol)
were purchased from DuPont New England Nu-
clear (Bad Homburg, Germany). Other chemicals
were of analytical purity and were obtained mainly
from Sigma (St. Louis, MO, USA).

Statistical analysis

Data (showing net increases in the cAMP re-
sponse, i.e. differences between peptide-stimulated
and basal values) were expressed as means ± SEM,
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and were analyzed for statistical significance by
one way analysis of variance followed by post hoc
Student-Newman-Keuls test using GraphPad soft-
ware.

RESULTS and DISCUSSION

The present study showed the chicken form of
VIP (chVIP) to be an effective stimulator of cAMP
formation in slices of the chicken hypothalamus
(HTh) and cerebral cortex (CCx) (Fig. 1 and 2).
The peptide used at concentrations of 0.1, 0.3, 1
and 3 �M increased cAMP production by (net val-
ues) 0.83, 2.66, 6.12 and 7.59% conversion in HTh,
and by 3.61, 6.58, 8.58, 8.40% conversion in CCx.
In parallel experiments, 0.1 �M PACAP38 used as
a positive control in each peptide series, produced
cAMP responses similar to those evoked by 3–5
�M chVIP, confirming thus our earlier findings that
PACAP is a highly potent stimulator of the nucleo-
tide production in the avian brain [16–18]. In dif-
ferent experiments PACAP38 evoked net increases
in cAMP production of 5.93–8.81 in HTh, and

6.64–9.26 in CCx (the data represent the lowest
and highest mean values from different series of
experiments).

A relatively strong action of the chVIP shown
here is in contrast to a rather poor activity of mam-
malian VIP (mVIP) on cAMP generation in the
chick CNS [15]. The chicken peptide differs from
its mammalian counterpart in four amino acid resi-
dues in positions: 11 (Thr � Ser), 13 (Leu � Phe),
26 (Ile � Val) and 28 (Asn � Thr), giving the fol-
lowing amino acid sequence: HSDAVFTDNYSRF-
RKQMAVKKYLNSVLT-NH*. Which of the men-
tioned four amino acid changes is/are important for
evoking a potent cAMP response in the chicken
brain remains to be recognized.

In contrast to chVIP, the tested PHI-related pep-
tides, i.e. pPHI, rPHI, PHM, D-Phe+-pPHI, all used
at high 5 �M concentration, exerted comparatively
weak (CCx; Fig. 2; significant effects evoked by
rPHI; pPHI > PHM > D-Phe+-pPHI, inactive) or no
(HTh; Fig. 1) action. As in the case of VIP, the
structures of the chicken and mammalian PHI pep-
tides vary, showing differences in 9–10 amino acid
residues:
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Fig. 1. Effect of chicken VIP (chVIP), porcine PHI (pPHI),
PHM, D-Phe�-porcine PHI (D-Phe�-pPHI), rat PHI (rPHI) and
helodermin on cAMP formation in [3H]adenine-prelabeled
slices of the chick hypothalamus. Basal activities (in % of
conversion) were 0.31 ± 0.04 (7), 0.36 ± 0.07 (5), 0.13 ± 0.51
(9), 0.19 ± 0.06 (5), 0.25 ± 0.02 (7), 0.10 ± 0.02 (6) for
the above peptides, respectively. Results are expressed as net
increases and represent means ± SEM from n = 4–10. Values
statistically different from respective controls: ** p < 0.01,
*** p < 0.001

Fig. 2. Effect of chicken VIP (chVIP), porcine PHI (pPHI),
PHM, D-Phe�-porcine PHI (D-Phe�-pPHI), rat PHI (rPHI) and
helodermin on cyclic AMP formation in [3H]adenine-prelabe-
led slices of the chick cerebral cortex. Basal activities (in % of
conversion) were 2.32 ± 0.29 (8), 1.68 ± 0.16 (9), 0.30 ± 0.06
(8), 1.07 ± 0.09 (10), 1.13 ± 0.14 (7), 2.07 ± 0.45 (8) for the
above peptides, respectively. Results are expressed as net in-
creases and represent means ± SEM from n = 4–14. Values sta-
tistically different from respective controls: * p < 0.05, ** p <
0.01, *** p < 0.001



rat – HADGVFTSDYSRLLGQISAKKYLE-

SLI-NH*

pig – HADGVFTSDFSRLLGQLSAKKYLE-

SLI-NH*

chicken – HADGIFTSVYSHLLAKLAVKRYLH-

SLI-NH*.
rPHI, pPHI and PHM, as well as mVIP, appeared

to significantly and dose-dependently stimulate

cAMP formation in the rat brain [Dejda and Mat-

czak, unpublished data], showing in these species

the presence of adenylyl cyclase-linked VPAC type

receptors sensitive to the tested peptides. Unfortu-

nately, the chicken PHI is not commercially avail-

able, and, thus, it was not included into the present

study. However, the obtained data concerning both

chick and rat suggest that the chicken VPAC type

receptor does not (or only poorly) recognize the

mammalian PHI-family peptides, as is the case

with mVIP. Of the tested here PHI-like peptides,

D-Phe+-pPHI applied at 5 �M concentration showed

no activity in both HTh and CCx of the chick (Fig.

1 and 2). It was also ineffective in rat tissues [Dejda

and Matczak, unpublished data] indicating that

a substitution of only one amino acid, glycine, by

D-phenylalanine eliminates biological activity of

PHI, at least with respect to cAMP production.
Among polypeptides forming so-called “secre-

tin-glucagon-VIP-PACAP” family is helodermin,

a peptide originally isolated from Gila monster

[10]. This peptide, showing almost 43% amino acid

sequence identity with mVIP, at 5 �M significantly

stimulated cAMP formation by 3.8 and 2.58 (net

increases; % conversion) in the chick HTh and

CCx, respectively (Fig. 1 and 2). Of the two known

VPAC type receptors, i.e. VPAC1 and VPAC2, he-

lodermin usually shows greater affinity for the lat-

ter subtype (at least in mammals), though, based on

our present and previous data, we cannot say

whether this receptor type mediated the peptide’s

action in the chick. Alternatively, it is not unlikely

that in the chick brain the agonistic activity of helo-

dermin is greater than that of PHI/PHM.
In conclusion, the present data correspond to

our recent studies which showed the presence of

PACAP/VIP receptors, i.e. PAC� and VPAC type,

in brains of chicks, both being linked to adenylyl

cyclase and phosholipase C signaling pathways. On

the basis of our results, we can also assume that re-

ceptors mediating at least some biological effects

of helodermin may be positively coupled to adeny-

lyl cyclase/cAMP system, while receptors for PHI/
PHM are not linked to this signaling pathway in
chicks. Since PHI recognizes specific VIP/PACAP
receptors in the chick cerebral cortex, as was dem-
onstrated in experiments with the use of the VPAC-
type receptor selective radioligand [�*!I]VIP [28],
further study is needed to specify the signaling sys-
tem through which this peptide realizes its action(s)
in the avian brain.
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