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Abstract:

Effects of histamine (HA) on cyclic AMP production and its action upon the effects evoked by vasoactive intestinal peptide (VIP)

were studied in the chick hypothalamus. HA (0.1–1000 �M) potently stimulated cyclic AMP formation in the hypothalamic slices,

reaching maximal effect (2.5–3.5-fold increase) at a 100 �M concentration, and displaying an EC�� value of approximately 6.5 �M.

The stimulatory action of HA was mimicked by agonists of HA receptors, with the following rank order of potency: HA

> 4-methylHA (H�) � N�,N�-dimethylHA (H� >> H� = H�) � 2-methylHA (H�) >> amthamine (H�) >> dimaprit (H�) � tele-methylHA.

The HA (100 �M)-evoked increase in cyclic AMP production was concentration-dependently antagonized by selective H�-HA

receptor blockers (aminopotentidine >> cimetidine � ranitidine >> zolantadine) and was not affected by mepyramine and

thioperamide, a selective H�- and H�-HAreceptor antagonist, respectively. The pharmacological profile of HAreceptors linked to the

cyclic AMP-generating system in the chick hypothalamus indicates that they represent either an avian-specific H�-like HA receptor

or a novel subtype of HA receptors. Chicken VIP (cVIP; 0.1–3 �M) potently stimulated cyclic AMP synthesis in the chick

hypothalamus in a concentration-dependent manner. A combination of cVIP with HA produced cyclic AMP response more than

additive, and such a synergistic interaction was antagonized by ranitidine. It is suggested that in the avian brain HAand VIP may play

in concert to regulate neuroendocrine processes.
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Introduction

Histamine (HA) is an established neurotransmit-

ter/neuromodulator in the central nervous system

(CNS) of various vertebrate and invertebrate species

[4, 14, 29]. The action of HA results from activation of

specific membrane-bound receptors, named H1, H2,

and H3 [6]. Recently, a fourth HA receptor type (H4)

has been cloned and characterized [24]. In contrast to

other members of the HA receptor family, an expres-

sion of the H4-subtype has been detected so far only

in peripheral tissues [8, 26]. We have previously dem-

onstrated that HA is a powerful stimulator of cyclic
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AMP production in the pineal glands of domestic

fowls, i.e. cock, duck, and goose [20–23], and in the

cock cerebral cortex [23, 44]. The action of HA was

mediated by a specific receptor, whose pharmacologi-

cal profile was different from that of the H1-, H2-, H3-

and H4-subtype of HA receptors described in mammal-

ian tissues. HA has also been found to increase phos-

phoinositide metabolism in the cock cerebrum [43].

Vasoactive intestinal peptide (VIP) is a 28-amino

acid peptide originally isolated from porcine duode-

num [27]. VIP belongs to a superfamily of structurally

related bioactive polypeptides, which also includes

pituitary adenylate cyclase-activating polypeptide, se-

cretin, glucagon, glucagon-like peptide-1 and pep-

tide-2, glucose-dependent insulinotropic polypeptide,

growth hormone-releasing hormone, peptide histi-

dine-isoleucine and its human counterpart – peptide

histidine-methionine [31]. The primary structure of

VIP is highly conserved among lower and higher ver-

tebrates [3, 31], suggesting that the peptide plays an

important role(s) throughout the vertebrate phylum. In

particular, the sequence of VIP is identical in ten out

of twelve mammals studied thus far, i.e. human, mon-

key, dog, cow, goat, sheep, pig, rabbit, rat, and mouse;

exceptions are guinea pig and opossum, whose pep-

tides have four and five substitutions, respectively

[31]. VIP present in non-mammalian vertebrates

shares 82–86% amino acid sequence identity with the

human/rat/porcine peptide (often referred to as mam-

malian VIP) [31]. Chicken VIP (cVIP) differs from its

mammalian counterpart at four positions, although

the total number of amino acid residues is the same

[15]. VIP is widely distributed in the brain and periph-

eral organs, and exerts pleiotropic physiological func-

tions. In addition to its roles as neurotransmitter/neu-

romodulator, VIP has also been demonstrated to act as

a hormone/neurohormone, neurotrophic or neuropro-

tective factor, growth factor, immunomodulatory and

anti-inflammatory agent [e.g. 1, 3, 31]. Various bio-

logical effects of VIP are mediated through interac-

tion with two receptor types, named VPAC1 and

VPAC2. These receptors belong to a large family of

G-protein-coupled receptors, and are preferentially

linked to stimulation of adenylyl cyclase activity [5].

Recently, we have shown the presence of VPAC type

receptors, labeled by [125I]-VIP and linked to cyclic

AMP-generating system, in the cerebral cortex of

cock, turkey, and goose [40–42].

In this work, which is an extension of our studies

on the role of HA in the avian CNS, we characterized

pharmacologically HA receptor in the hypothalamus

of chick, whose activation leads to the stimulation of

cyclic AMP production. Additionally, in search for

a possible physiological function of VIP in birds, we

analyzed an interaction between HA and VIP on the

nucleotide formation in this brain structure.

Materials and Methods

Chemicals

[2,8-3H]Adenine (sp. activity 24.2 Ci/mmol) was pur-

chased from PerkinElmer Life Sciences Inc. (Boston,

MA, USA) and [8-14C]cyclic AMP (sp. activity

56 mCi/mmol) was from Moravek Biochemicals Inc.

(Brea, CA, USA). Histamine-2HCl (HA) was purchased

from Serva (Heidelberg, Germany). 2-Methylhis-

tamine-2HCl (2-methylHA), 4-methylhistamine-2HCl

(4-methylHA), N�,N�-dimethylhistamine-HCl (N�,N�-

dimethylHA), and tele-methylhistamine (tele-methylHA)

were kindly donated by Prof. R.C. Ganellin and Prof.

M.E. Parsons (SmithKline & Beecham, Hertz, UK).

R�-methylhistamine-HCl (R�-methylHA) was pur-

chased from RBI (Natick, MA, USA). Aminopotenti-

dine, amthamine-2HBr, dimaprit-2HCl, and thiopera-

mide were kindly donated by Prof. H. Timmerman

(Vrije University, Amsterdam, the Netherlands).

Ranitidine-HCl and zolantidine dimaleate were pur-

chased from Tocris Cookson Ltd. (Bristol, UK).

Mepyramine maleate was from Sigma Chemical Co.

(St. Louis, MO, USA). Chicken VIP (cVIP) was ob-

tained from Neosystem (Strasbourg, France). Other

chemicals were of analytical purity and were pur-

chased from commercial sources, mainly from Sigma.

All drug solutions were prepared immediately before use.

Animals

Male white leghorn chicks (Gallus domesticus, Hy-

Line) were purchased locally on the day of hatching,

and kept in temperature-controlled warmed brooders

(29 ± 1°C during the first 5 days and at 26 ± 1°C af-

terwards) with standard food and tap water available

ad libitum. The animals were entrained to a 12 h light

: 12 h dark illumination cycle (LD; lights on at 21:30)

for a minimum of 2-weeks prior to the study. The

lighting cycle was produced by overhead cool fluores-

cent lamps providing light intensity at the level of the
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animals’ heads of approximately 150 lux. The chicks

were killed by decapitation (always between 9:00 and

9:30), and the hypothalamus was quickly isolated and

processed for the measurement of cyclic AMP forma-

tion. Each experiment was carried out on the hypotha-

lamic tissue pooled from three-four animals. The ex-

periments were carried out in strict accordance with

the Polish governmental regulations concerning ex-

periments on animals (Dz.U.97.111.724).

Assay of cyclic AMP formation

Hypothalamic cross-chopped slices (250 �m, pre-

pared with McIlwain tissue chopper) were suspended

in cold, O2/CO2 (95:5)-gassed, glucose-containing

modified Krebs-Henseleit medium (KHM; mM): 118,

NaCl; 5, KCl; 1.3 CaCl2; 1.2, MgSO4; 25, NaHCO3;

11.7 D-glucose; pH 7.4. The synthesis of [3H]cyclic

AMP in [3H]adenine pre-labeled hypothalamic slices

was determined using the method of Shimizu et al.

[32]. The formed [3H]cyclic AMP was isolated by se-

quential Dowex-alumina column chromatography ac-

cording to Salomon et al. [28]. Details of the whole

procedure have been previously described by us [20].

The results were individually corrected for a percent-

age recovery (the mean recovery was 30–40%) with

the aid of [14C]cyclic AMP added to each column sys-

tem prior to the nucleotide extraction. The accumula-

tion of cyclic AMP during a 10-min stimulation pe-

riod was assessed as a percentage of the conversion of

[3H]adenine to [3H]cyclic AMP. Antagonists of HA

receptors were added 15 min before the agonistic

compounds.

Data analysis

Data are expressed as the mean ± SEM, and were ana-

lyzed using the Prism software (GraphPad, San

Diego, CA, USA). For evaluation of statistical signifi-

cance of the results, ANOVA was used, followed by

post hoc Student-Newman-Keul’s test. EC50 and IC50

values were calculated from the non-linear analysis of

the dose-response data.

Results

HA (0.1–1000 �M) potently and concentration-

dependently stimulated cyclic AMP formation in

slices of the chick hypothalamus, reaching maximal

effect (2.5–3.5-fold increase) at a 100 �M concentra-

tion, and displaying an EC50 value of approximately

6.5 �M. The stimulatory action of HA was mimicked

by agonists of HA receptors with the following rank

order of potency: HA > 4-methylHA (H2) � N�,N�-di-

methylHA (H3 >> H1 = H2) � 2-methylHA (H1) >>

amthamine (H2) >> dimaprit (H2) � tele-methylHA

(Fig. 1). At the highest concentration used, i.e. 1 mM,

the increase in cyclic AMP production evoked by

4-methylHA, N�,N�-dimethylHA, 2-methylHA, and

amthamine represented, respectively, 115%, 93%,

84%, and 66% of the maximal effect produced by HA

(100 �M). Several HA-like, imidazole-containing

drugs, known to be usually inactive in various bio-

logical models, such as N�-acetylHA, L-histidine,

imidazole, and imidazole-4-acetic acid, used at con-

centrations of 0.1 mM and 1 mM, showed practically

no stimulatory action on cyclic AMP accumulation in

chick hypothalamus (data not shown).

The stimulatory effect of 100 �M HA on cyclic

AMP production in the chick hypothalamus was an-

tagonized in a concentration-dependent manner by se-

lective H2-HA receptor blockers, aminopotentidine,
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cimetidine, ranitidine, and zolantadine, of which the

latter appeared to be approximately one to three or-

ders of magnitude weaker that the other three drugs.

The calculated half-maximal inhibition (IC50) values

were: aminopotentidine, 0.03 �M; cimetidine, 0.59 �M;

ranitidine, 2.15 �M, and zolantidine, 22.9 �M. Mepy-

ramine and thioperamide, selective antagonists of H1-

and H3-HA receptors, respectively, did not signifi-

cantly affect the HA-evoked increase in cyclic AMP

synthesis when used at concentrations up to 10 �M

(Fig. 2). The stimulatory effect of 2-methylHA

(1 mM) on cyclic AMP formation in the chick hypo-

thalamus was not significantly affected by mepy-

ramine, but it was effectively antagonized by raniti-

dine and aminopotentidine (Fig. 3).

In the next set of experiments, we examined an in-

teraction between HA and cVIP on cyclic AMP syn-

thesis in the chick hypothalamus. cVIP (0.1–3 �M)

potently and concentration-dependently stimulated cy-

clic AMP synthesis, with a calculated EC50 value of

0.5 �M (Fig. 4). Concomitant incubation of the hypo-

thalamic slices with HA and cVIP resulted in a su-

praadditive interaction between these two drugs (Fig. 4).

“Net increase” values (i.e. differences between stimu-

lated and basal values) produced by the combination

of 1 �M HA with cVIP were larger (by 22–70%) than

the calculated sums of the “net increases” produced

by the tested compounds: 3.39 vs. 1.99 for 0.1 �M

cVIP, 5.55 vs. 3.30 for 0.3 �M cVIP, 9.39 vs. 7.31 for

1 �M cVIP, and 10.97 vs. 8.99 for 3 �M cVIP. The HA-

evoked potentiation of the cVIP action on cyclic AMP

synthesis in the chick hypothalamus was antagonized

by 10 �M ranitidine (Fig. 5).

Discussion

We have previously shown that HA is a powerful

stimulator of cyclic AMP synthesis in the avian pineal

gland and cerebral cortex [20–23, 44]. The present re-

sults clearly demonstrate that HA, as well as several

HAergic compounds, are capable of potently stimulat-

ing cyclic AMP synthesis in the chick hypothalamus.

This stimulatory effect of HA was antagonized by es-

tablished H2 receptor blockers, i.e. aminopotentidine,

ranitidine, cimetidine and zolantidine, and was not
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significantly affected by the selective H1 and H3/H4

receptor antagonists, mepyramine and thioperamide,

respectively, indicating an involvement of the H2-type

receptor in the analyzed HA action. The pharmacol-

ogical profile of the HA receptor in the chick hypo-

thalamus exhibits, however, some important differ-

ences when compared with that described for the

“classical” H2 receptor occurring in various mammal-

ian tissues [6]. Thus, of the three H2 receptor agonists

studied, i.e. 4-methylHA, dimaprit and amthamine,

only 4-methylHA potently stimulated cyclic AMP for-

mation the in chick hypothalamus, whereas amthamine

was weakly active and dimaprit exerted almost no ef-

fect. Furthermore, although 2-methylHA, the H1-receptor

selective agonist, markedly increased cyclic AMP

synthesis in the chick hypothalamus, this effect was

antagonized by aminopotentidine and ranitidine, and

was not significantly affected by mepyramine, an obser-

vation suggesting an involvement of the H2- rather

than the H1-type of HA receptor in this process. Fi-

nally, the rank-order potency of the tested H2-receptor

blockers to antagonize the effect of HA in the chick

hypothalamus, i.e. aminopotentidine >> cimetidine

� ranitidine >> zolantidine (see Fig. 2) does not re-

semble the profile of these drugs’ antagonistic activity

characteristic for many H2-receptor-mediated phe-

nomena (including cyclic AMP production) in mam-

malian tissues, i.e. aminopotentidine >> zolantidine

� ranitidine > cimetidine [6]. These data, combined

with results of our earlier studies on HA receptors in

the avian brain linked to cyclic AMP generating system

and labeled with [3H]tiotidine [20–22, 44, 45], provide

an additional support to the hypothesis that the central

nervous system of birds contains either an avian

H2-like HA receptor or a novel HA receptor subtype.

In contrast to mammals, relatively little is known

about the physiological role of VIP in the avian brain,

except for its rather firmly established function of an

endocrine regulator. The accumulated evidence indi-

cates that in birds a major role of central VIP involves

regulation of synthesis and secretion of the anterior

pituitary hormone, prolactin (PRL). It has been dem-

onstrated that VIP increases the transcription of the

gene encoding PRL [33, 34], enhances PRL mRNA

stability [34], elevates the hormone secretion [2, 12,

30, 38]. In turkeys’ hypophysial portal blood, VIP lev-

els are closely correlated with plasma PRL concentra-

tions during the reproductive cycle [39]. In addition to

that, VIP has also been shown to stimulate the synthe-

sis/secretion of melatonin in the chicken pineal gland

[13, 25]. Using immunohistochemistry and in situ hy-

bridization histochemistry, a widespread distribution

of VIPergic fibers have been demonstrated in the

brain of chick [11] and pigeon [7]. The presence of
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mRNAs encoding VPAC receptors has recently been

demonstrated for the chicken and turkey brain [9, 37].

Among areas where intense signals were found is hy-

pothalamus (especially anterior and lateral part), me-

dian eminence, and anterior pituitary. These observa-

tions, together with the ability of VIP to stimulate cy-

clic AMP production in the hypothalamus and

cerebral cortex of chicken [present results; 17, 18,

40], PKC activity in the chick cerebrum [16], and for-

mation of inositol phosphates in the chick hypothala-

mus [19], suggest that VIP may function in the avian

brain not only as an endocrine regulator, but also as

a neuromodulator of an array of physiological processes.

The neuroendocrine and neuromodulatory activity

of HA is rather well recognized in mammals [10, 29,

35, 36]. In contrast to that, a physiological function of

HA in avian species is largely unknown. Taking into ac-

count the facts the VIP is a physiological stimulator of

prolactin secretion in hens [30], and HA, acting through

H2-type receptor, has been shown to enhance prolactin re-

lease in rats [35, 36], the results of the present study sug-

gest that the interaction between VIP and HA in the chick

hypothalamus may play an important role in the regu-

lation of the hormone synthesis/release in this species.

In conclusion, in this study we have demonstrated

that HA is a potent stimulator of cyclic AMP synthe-

sis in the chick hypothalamus. Similarly as in the

chick pineal gland and cerebral cortex, the action of

HA seems to be mediated via an avian-specific, H2-like

HA receptor. The observed synergistic interaction be-

tween HA and VIP on cyclic AMP production in the

chick hypothalamus suggests that these two biologi-

cally active compounds may play in concert to control

some aspects of the avian neuroendocrine systems.
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