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Effects of histamine (HA) and agonists of HA receptors on phosphoi-
nositide metabolism in chick cerebral cortex have been studied using two ap-
proaches – measurement of inositol 1,4,5-trisphosphate (IP�) level by a spe-
cific and sensitive IP� receptor radioassay, and analysis of [�H]inositol phos-
phates accumulation in cortical slices prelabeled with myo-[�H]inositol. HA
concentration-dependently elevated IP� levels in slices of chick cerebral cor-
tex. The effect of HA was mimicked by 2-methylHA, a selective agonist of
H�-HA receptors, and blocked by mepyramine, an H� receptor antagonist.
4-MethylHA and R�-methylHA, selective agonists of H�- and H�-HA recep-
tors, respectively, did not affect IP� level in the chick cerebrum. In cerebral
cortical slices prelabeled with myo-[�H]inositol, 2-methylHA significantly
stimulated [�H]inositol phosphates accumulation, whereas HA only slightly
and non-significantly increased phosphoinositide metabolism. It is suggested
that phospholipase C-coupled H�-HA receptors are present in the chick cere-
bral cortex, yet their number seems to be a small one.
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INTRODUCTION

Histamine is an established neurotransmitter in
the mammalian central nervous system (CNS) (e.g.
[14, 16]). In the CNS the amine interacts with three
(or more [4]) pharmacologically distinct receptor
subtypes, designated as H), H�, and H* [3], to regu-
late a plethora of physiological actions, such as
arousal state, locomotor activity, brain energy me-
tabolism, neuroendocrine, autonomic and vestibular
functions, feeding, drinking, sexual behavior, anal-
gesia, and circadian rhythms (e.g. [5, 9, 14, 16]).
The H)-type receptor is coupled to phospholipase C
(PLC), and the H�-type with adenylyl cyclase. In
target cells, their stimulation thus leads to elevation
of such second messengers as inositol 1,4,5-tris-
phosphate (IP*), diacylglycerol (DAG), and cyclic
AMP [2, 3, 6, 7, 15].

Recently, we have demonstrated that HA is
a powerful stimulator of cyclic AMP production in
the pineal gland of chick, duck and goose [10–13,
19]. We also showed that the amine ability to acti-
vate cyclic AMP generating system in the avian
cerebral cortex seemed to be species-dependent, as
HA appeared to be a very potent stimulator in
chicks, showing a comparatively weak activity in
ducks or geese [13, 17, 19]. The HA-dependent cy-
clic AMP formation in the avian CNS is mediated
via an atypical HA receptor (according to mamma-
lian criteria), which we called the avian-specific
H�-like receptor [11, 12, 18, 19]. Until now it is un-
known whether HA is capable of influencing phos-
phoinositide metabolism in the avian brain, al-
though our earlier data suggested such a possibility
at least in the chick pineal gland [18]. This paper
extends our earlier observation, and shows a stimu-
lating effect of HA on IP* production, an event re-
lated to the activation of the H)-type receptor.

MATERIALS and METHODS

Animals

White male leghorn chicks (Gallus domesticus,
HyLine) were purchased on the day of hatching
from the local hatchery and kept in temperature-
controlled warmed brooders with standard food
and water available ad libitum for two-three weeks
before use. The animals were kept under a 12 h
light : 12 h dark (LD) illumination cycle (lights on
at 21.30 h). The lighting cycle was produced by
overhead cool fluorescent lamps providing light in-

tensity at the level of the animals’ eyes of approxi-
mately 150 lux. On the day of experiment, the ani-
mals were killed by decapitation (always between
9.00–9.30), their brains were removed, and cere-
bral cortex (without white matter) was isolated and
processed for biochemical measurements. The ex-
periments were carried out in strict accordance with
the Polish governmental regulations concerning ex-
periments on animals (Dz.U.97.111.724) and rules
followed at the Department of Biogenic Amines.

Assay of inositol 1,4,5-trisphosphate formation

Each experiment was carried out on the cerebral
cortex (devoid of white matter) pooled from three
animals, and repeated three times. Crossed-chop-
ped slices (250 �m; prepared with McIlwain tissue
chopper) of the cerebral cortex were suspended
in cold, O�/CO� (95:5) gassed, glucose-containing
modified Krebs-Henseleit medium (containing 118
mM NaCl, 5 mM KCl, 1.3 mM CaCl�, 1.2 mM
MgSO+, 1.2 mM KH�PO+, 25 mM NaHCO*, and
11.7 mM D-glucose; pH 7.4). Following 10-min
preincubation at 37°C, the histaminergic drugs (i.e.
HA, 2-methylHA, 4-methylHA, and R�-methylHA)
were added and the samples were incubated for
2 min. An H) receptor antagonist, mepyramine, was
added to the preincubation medium. The reaction
was terminated by the addition of 20% perchloric
acid and freezing the samples on liquid nitrogen.
Inositol 1,4,5-trisphosphate (IP*) was measured by
the receptor radioassay method using a highly spe-
cific, commercially available kit (TRK 1000; Am-
ersham, Buckinghamshire,UK).

Assay of [�H]inositol phosphates accumulation

Inositol phosphate assay was carried out essen-
tially as described by Brown et al. [1] according to
the protocol detailed by Nalepa and Vetulani [8].
Chick crossed-chopped (250 �m) cerebral cortical
slices prepared with a McIlwain tissue chopper
were suspended in O�/CO� (95:5) gassed, glucose-
-containing modified Krebs-Henseleit medium (pH
7.4). The incubation medium was enriched with
LiCl (final concentration 10 mM), and tissue phos-
phoinositides were labeled using myo-[*H]inositol.
[*H]Inositol phosphates formed during 45-min in-
cubation were isolated with the aid of 50% (w/v)
slurry of Dowex 1x8-400 (formate form) and
eluted with an aliquot of a mixture of 1 M ammo-
nium formate and 0.1 M formic acid (1:1, v/v). The
eluates were tested for radioactivity in a liquid
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scintillation counter (Wallac 1410, Pharmacia-LKB,
Turku, Finland).

Drugs and chemicals

Myo-[*H]inositol (sp. act. 21 Ci/mmol) was
purchased from DuPont New England Nuclear
(Boston, USA). Histamine-2HCl (HA) was pur-
chased form Serva (Heildelberg, Germany). 2-Me-
thylhistamine-2HCl (2-methylHA) and 4-methyl-
histamine-2HCl (4-methylHA) were kindly dona-
ted by Prof. R.C. Ganellin and Prof. M.E. Parsons
(SmithKline & Beecham, Herts, UK). R�-methyl-
histamine (R�-methylHA) was purchased from
Research Biochemicals Inc. (Natick, MA, USA).
Mepyramine maleate was from Sigma Chemical
Co. (St. Louis, MO, USA). Other chemicals were
of analytical purity and were purchased from com-
mercial sources. All drugs solutions were prepared
immediately before use.

Analysis of the data

Data were expressed as means ± SEM, and were
analyzed for statistical significance by one way
analysis of variance followed by post-hoc Student-
-Newman-Keuls test using GraphPad software.

RESULTS and DISCUSSION

HA stimulated IP* synthesis in slices of the
chick cerebral cortex. The amine used at concentra-

tions of 0.1 and 1 mM increased IP* content by
56% (NS) and 113% (p < 0.01), respectively. The
effect of HA was mimicked by 2-methylHA, a se-
lective agonist of H)-HA receptors; the drug ap-
plied at 0.1 and 1 mM concentration significantly
raised the tissue IP* content by 81% and 123%, re-
spectively. On the other hand, both 4-methylHA
and R�-methylHA, selective agonists of H�- and
H*-HA receptors, respectively, had practically no
effect on IP* concentration in the chick cerebral
cortex (Fig. 1).

The stimulatory effect of HA (1 mM) on IP*

formation in the chick cerebral cortex was antago-
nized by mepyramine, a selective H)-receptor blo-
cker (Fig. 2), suggesting, together with the agonists
data, the role of the H)-type HA receptor in mediat-
ing this amine action.

In another series of experiments, the effects of
HA and 2-methylHA on [*H]inositol phosphates
accumulation in the chick cerebral cortical slices
prelabeled with myo-[*H]inositol were tested. The
results presented in Figure 3 showed only a ten-
dency of 1 mM HA to stimulate phosphoinositide
metabolism, and a concentration (0.01–1 mM)-de-
pendent, weak action of 2-methylHA. It is difficult
to explain why in this test HA did not significantly
increase inositol phosphates accumulation. This re-
sult contrasts with the data on IP* synthesis de-
scribed above. A likely reason for such a discrepan-
cy may be a difference in sensitivities of the two
approaches, with IP* receptor radioassay usually
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Fig. 1. Effect of histamine (HA), 2-methylhistamine (2-MeHA),
and 4-methylhistamine (4-MeHA), and R�-methylhistamine
(R�-MeHA) on inositol 1,4,5-trisphosphate (IP�) formation in
slices of the chick cerebral cortex. Results represent means
± SEM (N = 8–9). * p < 0.05 vs. control, ** p < 0.01 vs control

Fig. 2. Effect of mepyramine (Mep) on the histamine (HA)-sti-
mulated inositol 1,4,5-trisphosphate (IP�) formation in slices
of the chick cerebral cortex. Results represent means ± SEM
(N = 7–9). � p < 0.01 vs. control, � p < 0.01 vs. histamine



being more specific and sensitive than measure-
ment of a radioactivity in an eluent containing all
produced inositol phosphates (including IP, IP� and
IP*), each of them being synthesized and accumu-
lated with different kinetics. However, in contrast
to HA (a natural agonist acting on all types of HA
receptors), the H)-receptor selective 2-methylHA
gave consistent results in experiments utilizing both
methodologies, showing a clear concentration-rela-
ted stimulation of phosphoinositide metabolism.

It is interesting to note that in the pineal gland
of chick the IP*-stimulating effect of HA was mi-
micked by both 4-methylHA and 2-methylHA (both
compounds were equipotent) in an aminopotentidi-
ne-sensitive manner [18], which suggests an invol-
vement of H�-like HA receptors.

A relatively small effect of HA on phosphoino-
sitide metabolism in the pineal gland [18] and cere-
bral cortex (present data) of chick may suggest the
existence of a small number of H)-type receptors in
the avian CNS. Alternatively, a PLC-coupled H)-HA
receptors occurring in avian tissues may represent
only a small fraction of a total number of these re-
ceptors. If so, and assuming an uneven distribution
of such receptors throughout the CNS, the PLC-�
� IP*/DAG signalling pathway, in addition to
adenylyl cyclase � cyclic AMP pathway, may be
a functionally important way for HA-dependent
communication between particular cell types in va-

rious regions of the avian CNS, including cerebral
cortex and pineal gland.
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