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Histamine potently stimulates cyclic AMP formation in slices of the chick cerebral
cortex. Pretreatment of the tissue slices with 10 uM histamine for 2-30 min led to
a time-dependent attenuation (when compared with values observed in the control tissue)
of the cyclic AMP response produced by subsequent re-stimulation with 1, 10 or 100 pM
histamine. The observed histamine-induced desensitization appears to be specific and ho-
mologous as the increase in cyclic AMP formation evoked by both forskolin or pituitary
adenylate cyclase-activating polypeptide (PACAP) in slices pretreated with 10 uM hista-
mine for 15 min was unchanged. It is concluded that in the chick cerebral cortex, H,-like
receptors linked to cyclic AMP-generating system undergo rapid homologous desensiti-
zation.
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INTRODUCTION

Histamine is an established neurotransmit-
ter/neuromodulator in the mammalian brain [2].
Experimental evidence accumulated during the last
two decades indicate that histamine also plays a
role of a regulator in the avian central nervous sys-
tem (CNS) [6]. It has been shown that histamine
potently stimulates cyclic AMP synthesis in the
pineal gland of chick, duck and goose [7, 8], as
well as in the chick cerebral cortical slices [15], yet
displaying only poor activity in the duck cerebrum
[8]. Using a selective (according to mammalian cri-
teria) H,-type histamine receptor radioligand [*H]tio-
tidine, a single class of high affinity and high ca-
pacity receptor binding sites has recently been
demonstrated in cortical membranes of the chick
and duck [15, 16]. A close similarity in the pharma-
cological profile of the histamine-evoked cyclic
AMP production and [*H]tiotidine binding sites in
the chick cerebrum led us to suggest that these two
parameters are functionally related and characteris-
tic of a specific histamine receptor [16]. However,
as the pharmacological profile of this receptor is
different from that of the H;, H,, H; and H, sub-
types described for mammalian tissues, it has been
proposed that it represents either an avian-specific
H,-like histamine receptor or a novel histamine re-
ceptor subtype [15] .

Histamine receptors belong to a large family of
G protein-coupled receptors (GPCRs). One of the
characteristic features of GPCRs is that, when
overstimulated, they undergo a complex process
termed desensitization, resulting in a reduction of
cellular response to a given compound [3]. Homo-
logous desensitization of both H; and H, histamine
receptors in various mammalian cell lines and tis-
sues has been described (e.g. [1, 4, 10, 12, 14]). On
the contrary, little is known about regulation of his-
tamine receptors in non-mammalian species, in-
cluding birds. The aim of this work was to investi-
gate whether H,-like receptor in the chick cerebral
cortex, by analogy to its mammalian counterpart,
can undergo a process of homologous desensitization.

MATERIALS and METHODS

Animals

Experiments were carried out on 2-3 weeks old
white male leghorn chicks (Gallus domesticus).
The animals, purchased on the day of hatching,
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were kept in warmed brooders with standard food
and tap water available ad libitum, under a 12 h
light/12 h dark lightning schedule (150 Ix; lights on
between 21.30 and 09.30). The experiments were
performed in accordance with the Polish govern-
mental regulations concerning experiments on ani-
mals (Dz.U. 97.111.724) and rules followed at the
Department of Biogenic Amines.

Assay of cyclic AMP formation

On the day of an experiment, the chicks 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 Mcll-
wain tissue chopper. The tissue slices were sus-
pended in O,/CO, (95:5)-gassed, glucose-containing
modified Krebs-Henseleit medium (KHM; mmol/1):
118 NaCl, 5 KCl, 1.3 CaCl,, 1.2 MgSQO,, 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. [13]. Tissue slices were preincubated
with 10 uM histamine for 2, 5, 15 and 30 min at
37°C, and then washed five times with an excess of
ice-cold O,/CO,-gassed KHM in order to remove
the amine. Next, the cerebral cortical slices were
stimulated again for 15 min with histamine, forsko-
lin or pituitary adenylate cyclase-activating poly-
peptide (PACAP38). The reaction was stopped by
adding 0.55 ml of 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-
phy according to Salomon et al. [11]. The results
were individually corrected for a percentage of re-
covery with the aid of ['*C]cyclic AMP added to
each column system prior to the nucleotide extrac-
tion. The accumulation of cyclic AMP was assessed
as a percentage of the conversion of [°H]adenine to
[14C]cyclic AMP.

Chemicals

The following drugs were used: histamine (Serva,
Heidelberg, Germany), forskolin and PACAP38
(Sigma Chemical Co., St. Louis, MO, USA); radio-
active compounds were: [2,8-H]adenine (specific
activity 30.0 Ci/mmol) and [8-!4C]cyclic AMP (spe-
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cific activity 51.3 mCi/mmol), both from DuPont-
NEN (Boston, MA, USA).

Data analysis

All data are expressed as mean + 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 InStat software
(GraphPad, San Diego, CA, USA).

RESULTS and DISCUSSION

In line with our earlier findings [15], histamine
(1, 10 and 100 uM) produced a concentration-
dependent increase in cyclic AMP production in
the chick cerebral cortical slices. The obtained re-
sults (expressed in per cent of conversion) were:
control, 0.45 £+ 0.07 (10); histamine (data shown as
net increases), 2.37 £ 0.24 (23) for 1 uM; 5.51 +
0.34 (19) for 10 uM, and 6.09 + 0.24 (19) for 100
pUM. Pretreatment of chick cerebral cortical slices
with 10 uM histamine for 2, 5, 15 and 30 min re-
sulted in a time-dependent reductions in the ability
of a subsequently applied histamine (10 uM for
15 min; re-stimulation) to activate cyclic AMP pro-
duction (Tab. 1). The observed declines expressed
in per cent of the respective time-point value are
shown on Figure 1. The maximal reductions in the
magnitude of the tissue cyclic AMP production fol-
lowing subsequent re-stimulation with histamine,
i.e. by 51, 41 and 35 % for 1, 10 and 100 uM hista-
mine, respectively, were observed in slices preincu-
bated with the amine for 30 min.

The observed desensitization process seems to
be homologous, as pre-exposure of the chick cere-
bral cortical slices to 10 uM histamine for 15 min
led to significant declines only in the case of the
histamine-evoked cyclic AMP responses. On the
contrary, it did not significantly modify the effect
of forskolin — a direct stimulator of adenylyl cycla-
se, or pituitary adenylate cyclase-activating poly-
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Fig. 1. Time course of homologous desensitization of Hp-like
histamine receptor-mediated cyclic AMP response in the chick
cerebral cortex. The tissue slices were pre-exposed to 10 uM
histamine for 2, 5, 15, or 30 min. After extensive washing, the
slices were re-stimulated with 10 uM histamine for 15 min.
Data are expressed as per cent of the respective control and re-
present means £ SEM of 4-8 values per group. Control values
were (in per cent conversion): histamine 1 uM, 2.37 + 0.24
(n = 20); histamine 10 uM, 5.51 £ 0.34 (n = 19); histamine
100 uM, 6.09 £ 0.74 (n=19). * p<0.05, ** p<0.01, ¥*** p <
0.001 vs respective control

Table 1. Time course of homologous desensitization of H,-like histamine receptor-mediated cyclic AMP response in the chick cere-

bral cortex
Histamine Pre-exposure to histamine (10 uM)
(M) Control

H 2-min 5-min 15-min 30-min
1 2.37+0.24 (20) 2.58+0.43 (4) 1.99 £0.12 (8) 1.71£0.20 (8) 1.17+0.19 (4)

NS p <0.05 p<0.01
10 5.51+£0.34(19) 4.60 +0.28 (4) 421+0.41(7) 3.74£0.38 (8) 324+0424)

NS p<0.05 p<0.01 p <0.001
100 6.09+£0.74 (19) 535+£0.74 (4) 498 +0.37 (8) 4.36+0.29 (8) 3.94+0.99 (4)

NS p <0.05 p <0.001 p<0.05

Data represent net increases (above basal level) in cyclic AMP formation expressed as means + SEM per cent conversion from 4-20

values per group. NS — not statistically significant
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Fig. 2. Effect of pre-exposure to histamine on increases in cyclic
AMP formation in chick cerebral cortical slices evoked by his-
tamine, forskolin and PACAP38. The tissue slices were pre-
exposed 10 uM histamine for 15 min. After extensive washing,
the slices were re-stimulated for 15 min with histamine (10 pM),
forskolin (10 uM), or PACAP38 (0.1 uM). Data are means
+ SEM of 615 values per group. ** p < 0.01 vs control

peptide (PACAP), whose action on the cyclic AMP
generating system in the chick cerebrum is medi-
ated by specific Gs protein-coupled PAC1 recep-
tors [9] (Fig. 2). Interestingly, we have recently
found that PACI1 receptors in the chick cerebral
cortex undergo rapid homologous desensitization,
with a significant decline (by nearly 30%) of the
0.1 uM PACAP38-evoked cyclic AMP response
seen in the tissue slices pretreated with 30 nM
PACAP38 for only 1 min. A maximal desensitizing
effect has been observed after only 5 min pretreat-
ment with the peptide [5].

Histamine receptors belong to the class I of
a superfamily of GPCRs, whose members undergo
autoregulatory processes leading to desensitization
of a receptor-derived signal. The mechanisms trig-
gered by an activated, agonist-bound receptor and
underlying homologous desensitization may in-
volve several levels within the cell, including such
processes as phosphorylation of receptor protein
catalyzed by a specific G-protein-coupled receptor
kinase (GRK), internalization (sequestration) of
a receptor, or — in some cases — receptor down-re-
gulation [3]. Recent studies carried out on tran-
siently transfected COS-7 cells expressing either
rat or human adenylyl cyclase-linked H, receptor
have shown the role of both GRK-2 and GRK-3 de-
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pendent phosphorylation in the desensitization of
the H, receptor evoked by histamine [10] or a se-
lective H,-agonist amthamine [12]. Interestingly, at
least in the case of human H, receptors, the
amthamine-evoked desensitization (characterized
by a decreased cyclic AMP production) occurred
very rapidly (t;, = 0.49 min), and the process ap-
peared to be insensitive to both PKA and PKC in-
hibitors [12].

The H,-like receptor occurring in the avian
CNS is pharmacologically different from its mam-
malian counterpart [8, 15], and the mechanisms
leading to homologous desensitization of the mam-
malian H,-type and avian H,-like receptors may
vary. Thus, a question on the role of a specific
GRK, including type 2 and/or type 3, or both, as
well as receptor sequestration or down-regulation,
in the described here desensitization of the his-
tamine-triggered cyclic AMP response in chick
cerebral cortex remains to be established.

Acknowledgment. This study was supported by a grant
from Medical University in Lodz (502-13-856) to J.B.
Zawilska.

REFERENCES

1. Bristow D.R., Zamani M.R.: Desensitization of hista-
mine H, receptor-mediated inositol phosphate produc-
tion in HeLa cells. Brit. J. Pharmacol., 1993, 109,
353-359.

2. Brown E.R., Stevels D.R., Haas H.L.: The physiology
of brain histamine. Prog. Neurobiol., 2001, 63, 637-672.

3. Ferguson S.S.G.: Evolving concepts in G protein-
coupled receptor endocytosis: the role in receptor de-
sensitization and signaling. Pharmacol. Rev., 2001,
53, 1-24.

4. McCreath G., Hall I.P., Hill S.J.: Agonist-induced de-
sensitization of histamine H, receptor-mediated inosi-
tol phospholipid hydrolysis in human umbilical vein
endothelial cells. Brit. J. Pharmacol., 1994, 113,
823-830.

5. Niewiadomski P., Nowak J.Z., Sedkowska P., Zawil-
ska J.B.: Rapid desensitization of receptors for pitui-
tary adenylate cyclase-activating polypeptide (PACAP)
in chick cerebral cortex. Pol. J. Pharmacol., 2002, 54,
717-721.

6. Nowak J.Z.: Histamine in the central nervous system:
its role in circadian rhythmicity. Acta Neurobiol. Exp.,
1994, 54, 65-82.

7. Nowak J.Z., Sgk B.: Stimulatory effect of histamine
on cyclic AMP formation in chick pineal gland.
J. Neurochem., 1994, 63, 1338-1345.

8. Nowak J.Z., Woldan-Tambor A., Zawilska J.B.: Hista-
minergic and noradrenergic control of cyclic AMP

258

Pol. J. Pharmacol., 2003, 55, 255-259



DESENSITIZATION OF H,-LIKE HISTAMINE RECEPTORS IN THE CHICK BRAIN

10.

11.

12.

formation in the pineal gland and cerebral cortex of
three avian species: cock, duck and goose. Pol. J.
Pharmacol., 1998, 50, 55-60.

. Nowak J.Z., Zawilska J.B.: PACAP in avians: origin,

occurrence, and receptors — pharmacological and
functional considerations. Curr. Pharm. Des., 2003, 9,
467-481.

Rodriguez-Pena M.S., Timmerman H., Leurs R.: Mo-
dulation of histamine H, receptor signaling by G-
protein-coupled receptor kinase 2 and 3. Brit. J. Phar-
macol., 2000, 131, 1707-1715.

Salomon Y., Londos C., Rodbell M.: A highly sensi-
tive adenylate cyclase assay. Anal. Biochem., 1974,
58, 541-548.

Shayo C., Fernandez N., Leganazzi B.L., Monczor F.,
Mladovan A., Baldi A., Davio C.: Histamine H2 re-
ceptor desensitization: involvement of a selected array
of G protein-coupled receptor kinases. Mol. Pharma-
col., 2001, 60, 1049—-1056.

13.

14.

15.

16.

Shimizu H., Daly J.W., Creveling C.R.: A radioiso-
topic method for measuring the formation of adeno-
sine 3’,5’-monophosphate in incubated slices of brain.
J. Neurochem., 1969, 16, 1609-1619.

Smit M.J., Leurs R., Shukrula S.R., Bast A., Timmer-
man H.: Rapid desensitization of the histamine H, re-
ceptor on the human monocytic cell line U937. Eur. J.
Pharmacol., 1994, 288, 17-25.

Zawilska J.B., Woldan-Tambor A., Nowak J.Z.: Hista-
mine H,-like receptors in chick cerebral cortex: effects
on cyclic AMP synthesis and characterization by [*H]tio-
tidine binding. J. Neurochem., 2002, 81, 935-946.
Zawilska J.B., Zalewska-Kaszubska J., Przybysz M.,
Nowak J.Z.: Characterization of histamine H,-like re-
ceptors in duck cerebral cortical membranes by [*H]tio-
tidine binding. Neurosci. Lett., 2002, 319, 149-152.

Received: February 4, 2003, in revised form: March 18,

2003.

ISSN 1230-6002

259



	CONTENTS
	OBITUARY Œ Professor Jerzy Maj, M.D., Ph.D. (1922Œ2003).
	OBITUARY Œ Dr. Anna Czyrak (1957Œ2003).
	REVIEW Œ Significance of dysfunctional glutamatergic transmission for the development of psychotic symptoms.


	Ma³gorzata Pietraszek	133
	Synergistic effect of SCH 58261, an adenosine A2A receptor antagonist, and L-DOPA on the reserpine-induced muscle rigidity in rats.
	Jadwiga Wardas	155

	Lack of changes in cortical [3H]-muscimol binding in rats sensitized to nicotine-induced enhancement of dopamine metabolism.
	Halina Sienkiewicz-Jarosz, Agnieszka I. Cz³onkowska, Ma³gorzata Lehner, Piotr Maciejak, Marek Siemi¹tkowski, Janusz Szyndler, Aleksandra Wis³owska, Ma³gorzata Zienowicz, Andrzej Bidziñski, Wojciech Kostowski, Adam P³a�nik	165

	Influence of AIDA on certain behaviors in rats subjected to experimental hypoxia.
	Agnieszka Nadlewska, Halina Car, Ró¿a J. Wiœniewska, Konstanty Wiœniewski	171

	Role of nitric oxide in anticonvulsant effects of benzodiazepines in mice.
	
Sylwia Talarek, Sylwia Fidecka	181


	Study on the influence of potent inhibitors of neuronal nitric oxide synthase on the antinociceptive and anticonvulsant activity of benzodiazepines in mice.
	Sylwia Fidecka	193

	Influence of nifedipine, nitrendipine and verapamil at low concentration on antipyrine metabolism examined by extracorporeal rat liver perfusion.
	Adam Szel¹g, Jan Magdalan, Maria Rutkowska, Wojciech Dziewiszek, Ma³gorzata Trocha, Ma³gorzata Rzepka, Ma³gorzata Pieœniewska, Lidia Fereniec	203

	Intraperitoneal administration of salicylate dose-dependently prevents stress-induced ulcer formation in rats.
	Akçahan Gepdiremen, Halis Süleyman	209

	Effects of amiloride and bumetanide on ion transport in the caecum of rabbit.
	
Danuta I. Kosik-Bogacka, Boles³aw Banach, Tomasz Tyrakowski, Alina Koz³owska, Sylwia Koz³owska	213

	Effect of amiloride and bumetanide on ionic currents in the epithelium of caecum from starved rabbits.
	Danuta Kosik-Bogacka, Boles³aw Banach, Tomasz Tyrakowski	221

	Induction of caspase 3 and modulation of some apoptotic genes in human acute promyelocytic leukemia HL-60 cells by carboplatin with amifostine.
	Marek Mirowski, Marek Ró¿alski, Urszula Krajewska, Ewa Balcerczak, Wojciech M³ynarski, Ryszard Wierzbicki	227

	Differential effect of betulin and betulinic acid on cytokine production in human whole blood cell cultures.
	Barbara Zdzisiñska, Wojciech Rzeski, Roman Paduch, Agnieszka Szuster-Ciesielska, Józef Kaczor, Katarzyna Wejksza, Martyna Kandefer-Szerszeñ	235

	Comparison of the effects of azathioprine and its novel non-mercaptopurine analog on antibody response in rabbits.
	Pituitary adenylate cyclase-activating polypeptide (PACAP)-evoked increase in cyclic AMP production in chick cerebral cortex: lack of a role of the protein kinase C pathway.
	Jolanta B. Zawilska, Pawe³ Niewiadomski, Jerzy Z. Nowak	245


	Metabolism of lidocaine by liver microsomes from streptozotocin-diabetic rats.
	
Barbara Gawroñska-Szklarz, Dawid Musial, Marek Dro�dzik, Bartosz Paprota	251

	PRELIMINARY COMMUNICATIONS
	Desensitization of H2-like histamine receptors stimulating cyclic AMP formation in the chick cerebral cortex.
	Paulina Sêdkowska, Jolanta B. Zawilska, 
Jerzy Z. Nowak	255


	Investigations of anti-inflammatory and analgesic activities of prednisolone solid dispersion prepared with skimmed milk.
	Nefise O. Sahin, Tadeusz Librowski	261

	Note to contributors	315

