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Whether the job is waking the brain after a peaceful sleep,
initiating gastric secretion when dinner is served or orches-
trating the elements of inflammation after a mosquito bite,
histamine has been a known biological messenger for decades
(Green, 1964; Eichler and Farah, 1966). At the end of the
twentieth century, in the midst of the genomics and bioinfor-
matics revolution, researchers in this field knew of the exis-
tence of only three histamine receptors (H;, H,, and Hy). But
histamine receptors are catching up! Not only have multiple
forms of the H; receptor recently been described but also a
new histamine receptor, H,, has now been identified.

The presently-known histamine receptors (H;, H,, and Hy)
are all G protein-coupled molecules and they transduce ex-
tracellular signals via Gq, Gs, and Gi/o, respectively (Hill et
al., 1997; Lovenberg et al., 1999). Not surprisingly, classic
pharmacology studies (Ash and Schild, 1966; Black et al.,
1972; Arrang et al., 1983) argued for their existence decades
before they were cloned (Gantz et al., 1991; Yamashita et al.,
1991; Lovenberg et al., 1999). Likewise, heterogeneity among
H, receptors had long been suspected based on agonist ki-
netics (West et al., 1990), radioligand binding characteristics
(Cumming et al., 1991; Alves-Rodrigues et al., 1996), periph-
eral versus central nervous system pharmacology (Leurs et
al., 1996; Harper et al., 1999), and other functional studies
(Schlicker et al., 1992; Schworer et al., 1994), but the absence
of subtype-selective compounds prevented firm classification.

Although the H; and H, receptors were cloned nearly a
decade ago (Gantz et al., 1991; Yamashita et al., 1991), the
H; receptor was not cloned until 1999 (Lovenberg et al.,
1999). However, this elucidation of the H; receptor structure
in man and other species (Lovenberg et al., 1999, 2000;
Tardivel-Lacombe et al., 2000; Drutel et al., 2001) quickly led
to discoveries of the Hj receptor subtypes and the closely
related H, receptor, which are discussed presently. Recent
molecular studies have shown that a single form of the Hy
gene can give rise to multiple mRNA isoforms, named Hj,_
H,p, and Hy in the rat (Drutel et al., 2001), and H,;, and Hjg
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in the guinea pig (Tardivel-Lacombe et al., 2000). The vari-
ants all are known to differ in the structure of their third
cytoplasmic loops, although the relevant splicing mecha-
nisms remain uncertain (Tardivel-Lacombe et al., 2000; Dru-
tel et al., 2001). Thus far, similar variants in human samples
have not been identified (Liu et al., 2000), although the
existence of multiple, somewhat different H; isoforms in
humans was reported recently (Wellendorf et al., 2000). The
H, receptor isoform that seems to be most predominant in
human brain corresponds to the rat H;, and the guinea pig
H; .. In the January 2001 issue of this journal, pharmacolog-
ical differences in the H; receptor subtypes, as well as evi-
dence for a differential distribution of the subtypes in rat
brain, were presented (Drutel et al., 2001). Considering the
current interest in the H; autoreceptor (Morisset et al.,
2000), the ability of the Hy heteroreceptor to regulate the
activity of many brain transmitters (Hill et al., 1997; Hough,
1999) and the potential for developing new H; pharmacother-
apies [e.g., in attention deficit/hyperactivity disorder, Alzhei-
mer’s disease, obesity, and others (Leurs et al., 1998; Ted-
ford, 1998)], the characterization of the H; receptor subtypes
is of considerable significance.

Phylogenetic (Leurs et al., 2000) and homology analysis
(Lovenberg et al., 1999) of the H; receptor showed it to be
surprisingly different from the previously cloned H; and H,
receptors, a likely explanation for the delay in its discovery.
Indeed, at the time of the H; receptor cloning, its homology to
any other known G protein-coupled receptor was only 31%
(Leurs et al., 2000). Because of this, the search for new
receptors in a family more closely related to the H; receptor
seemed promising. As described in the accompanying articles
(Liu et al., 2001; Nguyen et al., 2001; Zhu et al., 2001) and in
other recent (Oda et al., 2000) and concurrent (Morse et al.,
2001) articles, screening of libraries and public databases for
Hj-like fragments succeeded and led to the cloning and pre-
liminary characterization of what is now referred to as the H,
receptor. This receptor is a 390-amino-acid, 7-transmem-
brane G protein-coupled receptor, with a 37 to 43% homology
to the H; (58% in transmembrane regions). All of the current
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studies report identical amino acid sequences for the receptor
(Liu et al., 2001; Morse et al., 2001; Nguyen et al., 2001; Zhu
et al., 2001); this sequence varies slightly from that of the
original H, report (Oda et al., 2000). The human H; and H,
receptors possess very similar genomic structures; both have
two introns and three exons (Liu et al., 2001; Zhu et al.,
2001), although the receptors are localized on different chro-
mosomes (20 and 18, respectively). In addition, like the Hy
receptor, the H, receptor seems to couple to Gi/o [and possi-
bly to other pathways (Oda et al., 2000)], thereby inhibiting
forskolin-activated cAMP formation (Zhu et al., 2001). Evi-
dence for a plasma membrane localization and agonist-stim-
ulated internalization of H, has also been presented (Nguyen
et al., 2001). Notably, the distribution of the H, receptor is
quite different from that of the H; receptor. In contrast to a
nearly exclusive brain localization for the H; receptor, the H,
receptor shows highest levels in bone marrow and leukocytes
(particularly eosinophils and neutrophils), with moderate
levels in spleen and small intestine. Mast cells may also
contain the H, receptor (Zhu et al., 2001). Northern analyses
and other preliminary expression studies reported the ab-
sence of the H, receptor in the central nervous system (Oda
et al., 2000; Morse et al., 2001; Nguyen et al., 2001). How-
ever, in situ hybridization studies in mouse (Zhu et al., 2001)
and RNase protection assays in human samples (Liu et al.,
2001) yielded evidence for a brain localization.

In general, the H, studies show excellent agreement on the
preliminary pharmacology of the new receptor. Reported po-
tencies of histaminergic compounds in competing against
[®Hlhistamine binding to the various H, clones are highly
correlated across four laboratories (Fig. 1). However, results
with [*H]pyrilamine binding on another H, clone are discrep-
ant (Fig. 1). These results, along with the lack of activity of
pyrilamine on the H, receptor reported by other labs (Table
1), raise a question regarding the suitability of pyrilamine as
radioligand for studying the H, receptor. Although the rea-
sons for this discrepancy are not clear, it should be noted that
[*Hlpyrilamine (also known as mepyramine) has been used
as a radioligand for the H; receptor, but was later shown to
also bind specifically to certain cytochrome isozymes, thus
yielding false positives for the H, assay (Leurs et al., 1989;
Liu et al., 1994).
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,E @® Oda et al 2000
100J /?3%/ ol O Morse et al 2001
A A + 3, -Pyri .
+ Nguyen et al 2001
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1 10 100 1000 10000
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Fig. 1. Correlations of K, values for the H, receptor across laboratories.
Values for the human recombinant H, receptor are shown for some of the
compounds in Table 1 as reported from five laboratories. K; values are
from competition experiments with [*H]histamine (abscissa, Zhu et al.,
2001) plotted against K; values from other studies using either [*H]his-
tamine or [*H]pyrilamine. The dashed line shows the linear regression of
values from Zhu et al. (2001) plotted against those from Morse et al.
(2001). Potency values agreed well across the H, clones when labeled
histamine was used (P < 0.01), but not when labeled pyrilamine was
used. The clones had identical H, sequences except for one (Oda et al.,
2000), which differed by three amino acids. Values plotted as 10,000 nM
were reported to be inactive at that concentration.

Given the structural similarities of the receptor, it is not
surprising that the pharmacologies of the H; and H, recep-
tors overlap (Table 1; Fig. 2). The high-affinity H; agonists
also have H, agonist activity, but with a reduced potency.
Most notable is (R)-a-methylhistamine, which shows several
hundred-fold weaker activity at H, versus H; receptors.
Thioperamide, the prototypical H; antagonist, also has ap-
preciable H, antagonist activity (Table 1; Fig. 2). Some data
(Liu et al., 2001) even suggest that this drug may be an
inverse agonist at H, receptors, similar to recent results
showing this effect on Hy receptors (Morisset et al., 2000).
Most of the results suggest that thioperamide has a 5- to
10-fold lower potency at the H, receptor than at the Hj
receptor (Table 1; Fig. 2). The H; antagonists clobenpropit
and burimamide also have a lower affinity for the H, recep-
tor, but these compounds show partial agonist activity at the
new receptor. Most promising for pharmaceutical develop-
ment are data showing the existence of potent, non-imidazole
H, antagonists (e.g., compound 17 in Table 1 and Fig. 2) that
lack activity at the H, receptor (Table 1). Taken together,
these results suggest that H, responses are activated by low
doses of histamine, but not by (R)-a-methylhistamine, and
are blocked by large doses of thioperamide (an imidazole) but
not by non-imidazole-containing H; antagonists. Although
compounds capable of selectively acting at the new receptor
have not yet been described, the atypical antipsychotic drug
clozapine (discussed further below) shows moderate H, and
no H; activity (Fig. 2), and thus may be a lead in this direc-
tion.

The above characteristics suggest that the H, receptor has
been with us longer than we realized. Raible et al. (1994)
reported a histamine-activated increase in cytosolic calcium
in human eosinophils; the effect was sensitive to thioperam-
ide and partially mimicked by burimamide but not by low
concentrations of (R)-a-methylhistamine. Similarly, the his-
tamine-induced inhibition of serotonin release in intestinal
enterochromaffin cells resembles an H, response with re-
spect to pharmacology and tissue expression (Schworer et al.,
1994). It is also likely that the “histamine uptake” discovered
in bone marrow hematopoietic cells (Corbel et al., 1997) rep-
resents in-fact binding of [*H]histamine and other ligands to
the H, receptor, based on the pharmacology. In some of these
studies, the potency of thioperamide can be difficult to inter-
pret because of a large species difference (up to 10-fold) in the
affinity of thioperamide for the human versus the rat Hy
receptor (Lovenberg et al., 2000); the difference is controlled
by only two amino acid substitutions (Ligneau et al., 2000).
There are other reported effects of thioperamide that are not
reversed by H; agonists, and the H, receptor must now be
considered in these cases. For example, thioperamide in-
creases extracellular levels of both histamine and y-aminobu-
tyric acid in brain, but only the former effect is reversed by
H, agonists (Yamamoto et al., 1997). Of course, thioperamide
actions are not restricted to the H; and H, receptors; it has
some affinity at other sites as well [e.g., 5-HT; (Leurs et al.,
1995)] and may even be found to have activity at additional,
unknown histamine receptors. Although the new H, work
accounts for the existence of some novel histamine receptors
previously suggested to exist, it cannot account for others.
For example, HTMT [6-[2-(4-imidazolyl)ethylamino]-N-(4-
trifluoromethylphenyl)heptanecarboxamide], the histamine
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derivative that suppresses lymphocyte function by a novel
receptor (Khan et al., 1986), is not active at the H, (Table 1).
Similarly, improgan, a cimetidine congener that induces an-
algesia by a mechanism distinct from known histamine re-
ceptors (Hough et al., 2000), also had low affinity for the H,
site (Table 1).

The newly discovered effects of clozapine on the H, recep-
tor (Table 1, Fig. 2) add a new chapter to the longstanding
relationship between psychosis, antipsychotic drugs, and
brain histamine (Green et al., 1977; Raucher et al., 1977).
Chlorpromazine, the first neuroleptic, was developed from
the early H, antagonists, and many neuroleptics have activ-
ity at both H; and H, receptors (Hough and Green, 1984).
Activity at the former is thought to contribute to the sedative
profile of these drugs, and H, antagonists may be beneficial
in treating psychosis (Rosse et al., 1996). The atypical neu-

TABLE 1
Potencies of histaminergic drugs on four histamine receptors.
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roleptic clozapine was reported to have moderate activity on
the rat brain H; receptor (Rodrigues et al., 1995), an effect
confirmed on the rat (Kathmann et al., 1994) but not on the
human receptor (Table 1). Although the K; value for cloza-
pine on the H, receptor is relatively high (500—-700 nM, Table
1), plasma and brain concentrations associated with clinical
responses meet or exceed these values (Baldessarini and
Frankenburg, 1991) Even more interesting is that clozapine
seems to be an agonist at H, receptors (Oda et al., 2000; Liu
et al., 2001). Although we do not yet know the consequences
of H, receptor stimulation in the hippocampus (Zhu et al.,
2001) or in eosinophils, it seems quite possible that patients
taking clozapine are recipients of both actions. Whether this
receptor participates in either the therapeutic or toxic effects
of this drug is an intriguing question which remains to be
answered; it is tempting to speculate that the eosinophilic

K, or K; values are given for the compounds shown. Compound numbers are referenced in Fig. 2. Except where noted otherwise, bioassay K, values are from guinea pig ileum*

and atrium® (Hill et al., 1997).

# Drug H," Hy° Hy H,? Hy H/
Histamine 5.4 8.1 17 9.7
2 Pyrilamine 0.4 5,200 >10,000 >10,000¢ >10,000
3 Diphenhydramine 1.0 >10,000 >10,000 >10,000
4 Cyproheptadine 3.1" 37 >10,000 >10,000
5 Cimetidine >10,000 800 >10,000 >10,000 >10,000
6 Ranitidine >10,000 200 >10,000 >10,000
7 Dimaprit >10,000/ 1,100* 825 377 677 380
8 Impromidine 3,400 63" 67 12.3
9 Burimamide >10,000 7,800 84 180 160 100
10 Imetit’ 0.3 2.7 6 3.1
11 Immepip’ 0.4 9 23
12 (R)-a-Methylhistamine’ 0.7 146 348 140
13 N-methyl-histamine’ 0.5 23 149 63
14 Thioperamide >10,000 >10,000 25™ 27 519 210
15 Clobenpropit >10,000 >10,000 0.6 12.8 7.2
16 Clozapine 2.8" 100° >10,000” 510 693
17 4-(3-Piperidin-1-yl-propoxy)-benzonitrile 25 >10,000
18 HTMT 1229
19 Improgan? >10,000 >10,000 33,000 6,000

“ Guinea pig ileum (Hill et al., 1997).
® Guinea pig atrium (Hill et al., 1997).

¢ K; values for competition against [PH]N-methylhistamine binding on the human recombinant H, receptor (Liu et al., 2001).
@ K; values for competition against [*H]histamine binding on the human recombinant H, receptor (Liu et al., 2001).

¢ K, values for competition against [*H|histamine binding on the human recombinant H, receptor (Zhu et al., 2001).

r K, values for competition against [*H]histamine binding on the human recombinant H, receptor (Morse et al., 2001).

£ T. Lovenberg, unpublished observations.

" Radioligand binding (Tran et al., 1978).

* Adenylate cyclase (Green et al., 1977).

7 Bioassay (Ganellin, 1982).

% Bioassay ECs, values (Hill et al., 1997).

! Highly selective H; agonists (Hill et al., 1997).

™ Thioperamide has up to a 10-fold higher potency on the rat H; receptor (Lovenberg et al., 2000).

" Radioligand binding (Baldessarini and Frankenburg, 1991).
? L. Hough and J. P. Green, unpublished observations.

P Clozapine has activity on the rat (Kathmann et al., 1994; Rodrigues et al., 1995), but not the human Hj receptor (Lovenberg et al., 1999).

7 See Li et al. (1996) for improgan Ky values.

10000+ A7 25
//
1000 -7 ;
g L S 14 //& TR
= 100-] $12 X e>
> 13 /1/
1 , A0
5 10- 15 g/ As
10
N Pae 3
0.1 ALY | LSRR | Ty T T T T
0.1 1 10 100 1000 10000

H; Ki (nM)

® Zhuetal. 2001
A Liu et al 2001

% Oda et al 2000
¥V Morse et al 2001
--- Equal potency

Fig. 2. Relationship between H; and H, receptor potency.
Data for some compounds in Table 1 are plotted as H; K
value (abcissa, Table 1) versus H, K; value (ordinate). H,
values are derived from competition experiments with
[*H]histamine from the studies identified. When more
than one laboratory studied the same compound, a single
H, K, value is plotted against more than one H, K; value.
Compound numbers correspond with those in Table 1.
Values plotted as 10,000 nM were reported to be inactive
at that concentration.
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agranulocytosis, which often limits clozapine effectiveness,
might be related to the H, receptor (Oda et al., 2000).

Much additional work on the H, system is needed. H,
receptor subtypes may be found based on similarities to H;.
The activities of the histamine metabolites need to be as-
sessed on this receptor, because several of these metabolites
have biological activity (Phillis et al., 1968; Thomas and
Prell, 1995), and histamine metabolism is highly regulated in
some cases (Haddock et al., 1990). Finally, H,-selective drugs
will need to be developed that can further define the biolog-
ical roles for this receptor and lead to unique pharmacother-
apies. All indications suggest that many more receptors for
histamine remain to be discovered.

Acknowledgments

I thank Dr. Tim Lovenberg for valuable discussions.

References

Alves-Rodrigues A, Leurs R, Wu TS, Prell GD, Foged C and Timmerman H (1996)
[?H]-Thioperamide as a radioligand for the histamine Hj receptor in rat cerebral
cortex. Br J Pharmacol 118:2045-2052.

Arrang JM, Garbarg M and Schwartz JC (1983) Auto-inhibition of brain histamine
release mediated by a novel class (Hg) of histamine receptors. Nature (Lond)
302:832-837.

Ash ASF and Schild HO (1966) Receptors mediating some actions of histamine. Br JJ
Pharmacol 27:427—439.

Baldessarini RJ and Frankenburg FR (1991) Clozapine. a novel antipsychotic agent.
N Engl J Med 324:746-754.

Black JW, Duncan WAM, Durant GJ, Ganellin CR and Parsons ME (1972) Definition
and antagonism of histamine Hy-receptors. Nature (Lond) 236:385-390.

Corbel S, Traiffort E, Stark H, Schunack W and Dy M (1997) Binding of histamine
Hj-receptor antagonists to hematopoietic progenitor cells. Evidence for a his-
tamine transporter unrelated to histamine Hj receptors. FEBS Lett 404:289—
293.

Cumming P, Shaw C and Vincent SR (1991) High affinity histamine binding site is
the Hj receptor: Characterization and autoradiographic localization in rat brain.
Synapse 8:144-151.

Drutel G, Peitsaro N, Karlstedt K, Wieland K, Smit MdJ, Timmerman H, Panula P
and Leurs R (2001) Identification of rat Hg receptor isoforms with different brain
expression and signaling properties. Mol Pharmacol 59:1-8.

Eichler O and Farah A (1966) Handbook of Experimental Pharmacology. Springer-
Verlag, Berlin.

Ganellin CR (1982) Chemistry and structure-activity relationships of drugs acting at
histamine receptors, in Pharmacology of Histamine Receptors (Ganellin CR and
Parsons ME eds) pp 10-102, John Wright & Sons, Ltd., Bristol.

Gantz I, Schaffer M, DelVelle J, Logsdon C, Campbell V, Uhler M and Yamada T
(1991) Molecular cloning of a gene encoding the histamine H, receptor. Proc Natl
Acad Sci USA 88:429-433.

Green JP (1964) Histamine and the nervous system. Fed Proc 23:1095-1102.

Green JP, Johnson CL, Weinstein H, Maayani S (1977) Antagonism of histamine-
activated adenylate cyclase in brain by p-lysergic acid diethylamide. Proc Natl
Acad Sci USA 74:5697-5701.

Green JP, Johnson CL and Weinstein H (1978) Histamine as a neurotransmitter. In
Psychopharmacology: A Generation of Progress (Lipton MA, DiMascio A, and
Killam KF eds) pp 319-332, Raven Press, New York.

Haddock RC, Mack P, Leal S and Baenziger NL (1990) The histamine degradative
uptake pathway in human vascular endothelial cells and skin fibroblasts is de-
pendent on extracellular Na™ and Cl™. J Biol Chem 265:14395-14401.

Harper EA, Shankley NP and Black JW (1999) Evidence that histamine homologues
discriminate between Hg-receptors in guinea-pig cerebral cortex and ileum longi-
tudinal muscle myenteric plexus. Br J Pharmacol 128:751-759.

Hill SJ, Ganellin CR, Timmerman H, Schwartz JC, Shankley NP, Young JM,
Schunack W, Levi R and Haas HL (1997) International Union of Pharmacology.
XIII. Classification of histamine receptors. Pharmacol Rev 49:253—-278.

Hough LB (1999) Histamine, in Basic Neurochemistry: Molecular, Cellular and
Medical Aspects (Siegel GJ, Agranoff BW, Albers RW, Fisher SK and Uhlén S eds)
pp 293-313, Lippincott-Raven, Philadelphia.

Hough LB and Green JP (1984) Histamine and its receptors in the nervous system,
in Handbook of Neurochemistry, 2nd ed (Lajtha A ed) pp 148—211, Plenum Press,
New York.

Hough LB, Nalwalk JW, Barnes WG, Warner LM, Leurs R, Menge WMPB, Timmer-
man H and Wentland M (2000) A third life for burimamide discovery and charac-
terization of a novel class of non-opioid analgesics derived from histamine antag-
onists, in New Medications for Drug Abuse (Glick SD and Maisonneuve IM eds) pp
25-40, New York Academy of Science, New York.

Kathmann M, Schlicker E and Géthert M (1994) Intermediate affinity and potency
of clozapine and low affinity of other neuroleptics and of antidepressants at Hg
receptors. Psychopharmacology (Berl) 116:464—468.

Khan MM, Marr-Leisy D, Verlander MS, Bristow MR, Strober S, Goodman M and
Melmon KL (1986) The effects of derivatives of histamine on natural suppressor
cells. J Immunol 137:308-314.

Leurs R, Bast A and Timmerman H (1989) High affinity, saturable [*HJmepyramine
binding sites on rat liver plasma membrane do not represent histamine H1-
receptors. A warning. Biochem Pharmacol 38:2175-2180.

Leurs R, Blandina P, Tedford CE and Timmerman H (1998) Therapeutic potential of
histamine Hj receptor agonists and antagonists. Trends Pharmacol Sci 19:177—
183.

Leurs R, Hoffmann M, Wieland K and Timmerman H (2000) H; receptor gene is
cloned at last. Trends Pharmacol Sci 21:11-12.

Leurs R, Kathmann M, Vollinga RC, Menge WMPB, Schlicker E and Timmerman H
(1996) Histamine homologues discriminating between two functional Hg receptor
assays. Evidence for Hj receptor heterogeneity? J Pharmacol Exp Ther 276:1009—
1015.

Leurs R, Tulp MTM, Menge WMPB, Adolfs MJP, Zuiderveld OP and Timmerman H
(1995) Evaluation of the receptor selectivity of the Hj receptor antagonists, iodo-
phenpropit and thioperamide: An interaction with the 5-HT3 receptor revealed.
Br J Pharmacol 116:2315-2321.

Li BY, Nalwalk JW, Barker LA, Cumming P, Parsons ME and Hough LB (1996)
Characterization of the antinociceptive properties of cimetidine and a structural
analog. J Pharmacol Exp Ther 276:500-508.

Ligneau X, Morisset S, Tardivel-Lacombe J, Gbahou F, Ganellin CR, Stark H,
Schunack W, Schwartz JC and Arrang JM (2000) Distinct pharmacology of rat and
human histamine Hj receptors role of two amino acids in the third transmembrane
domain. Br J Pharmacol 131:1247-1250.

Liu C, Ma X-J, Jiang X, Wilson SJ, Hofstra C, Blevitt J, Pyati J, Li X, Chai W,
Carruthers N and Lovenberg TW (2001) Cloning and pharmacological character-
ization of a fourth histamine receptor (H,) expressed in bone marrow. Mol Phar-
macol 59:420—-426.

Liu C, Ma X and Lovenberg TW (2000) Alternative splicing of the histamine Hy
receptor mRNA at the third cytoplasmic loop is not detectable in humans. Brain
Res Mol Brain Res 83:145-150.

Liu YQ, Horio Y, Fujimoto K and Fukui H (1994) Does the [*H]mepyramine binding
site represent the histamine H,; receptor? Re-examination of the histamine H1
receptor with quinine. J Pharmacol Exp Ther 268:959-964.

Lovenberg TW, Pyati J, Chang H, Wilson SJ and Erlander MG (2000) Cloning of rat
histamine Hj receptor reveals distinct species pharmacological profiles. J Phar-
macol Exp Ther 293:771-778.

Lovenberg TW, Roland BL, Wilson SJ, Jiang X, Pyati J, Huvar A, Jackson MR and
Erlander MG (1999) Cloning and functional expression of the human histamine Hg
receptor. Mol Pharmacol 55:1101-1107.

Morisset S, Rouleau A, Ligneau X, Gbahou F, Tardivel-Lacombe J, Stark H, Schu-
nack W, Ganellin CR, Schwartz JC and Arrang JM (2000) High constitutive
activity of native Hjy receptors regulates histamine neurons in brain. Nature
(Lond) 408:860—864.

Morse KL, Behan J, Laz TM, West RE Jr, Greenfeder SA, Anthes JC, Umland S,
Wan Y, Hipkin RW, Gonsiorek W, et al. (2001) Cloning and characterization of a
novel human histamine receptor. J Pharmacol Exp Ther, in press.

Nguyen T, Shapiro DA, George SR, Setola V, Lee DK, Cheng R, Rauser L, Lee SP,
Lynch KR, Roth BR, et al. (2001) Discovery of a novel member of the histamine
family. Mol Pharmacol 59:427-433.

Oda T, Morikawa N, Saito Y, Masuho Y and Matsumoto S (2000) Molecular cloning
and characterization of novel type of histamine receptor preferentially expressed
in leukocytes. J Biol Chem 275:36781-36786.

Phillis JW, Tebecis AK and York DH (1968) Histamine and some antihistamines:
Their actions on cerebral cortical neurones. Br J Pharmacol 33:426—440.

Raible DG, Lenahan T, Fayvilevich Y, Kosinski R and Schulman ES (1994) Phar-
macologic characterization of a novel histamine receptor on human eosinophils.
Am oJ Respir Crit Care Med 149:1506-1511.

Raucher FP, Nasrallah H and Wyatt R (1977) Histamine and schizophrenia, in
Neuroregulators and Psychiatric Disorders (Usdin Earl ed) pp 416—-424, Oxford
University Press, New York.

Rodrigues AA, Jansen FP, Leurs R, Timmerman H and Prell GD (1995) Interaction
of clozapine with the histamine Hg receptor in rat brain. Br J Pharmacol 114:
1523-1524.

Rosse RB, Kendrick K, Fay-McCarthy M, Prell GD, Rosenberg P, Tsui LC, Wyatt RJ
and Deutsch SI (1996) An open-label study of the therapeutic efficacy of high-dose
famotidine adjuvant pharmacotherapy in schizophrenia: Preliminary evidence for
treatment efficacy. Clin Neuropharmacol 19:341-348.

Schlicker E, Behling A, Limmen G and Gothert M (1992) Histamine Hg, receptor-
mediated inhibition of noradrenaline release in the mouse brain cortex. Naunyn-
Schmiedeberg’s Arch Pharmacol 345:489—-493.

Schworer H, Reimann A, Ramadori G and Racke K (1994) Characterization of
histamine Hj receptors inhibiting 5-HT release from porcine enterochromaffin
cells: Further evidence for Hj receptor heterogeneity. Naunyn-Schmiedeberg’s
Arch Pharmacol 350:375-379.

Tardivel-Lacombe J, Rouleau A, Heron A, Morisset S, Pillot C, Cochois V, Schwartz
JC and Arrang JM (2000) Cloning and cerebral expression of the guinea pig
histamine Hj receptor: evidence for two isoforms. Neuroreport 11:755-759.

Tedford CE (1998) Clinical application of HA Hg receptor antagonists in learning and
memory disorders, in The Histamine H3 Receptor (Leurs R and Timmerman H eds)
pp 269-286, Elsevier Science B.V., Amsterdam

Thomas B and Prell GD (1995) Imidazoleacetic acid, a y-aminobutyric acid receptor
agonist, can be formed in rat brain by oxidation of histamine. J Neurochem
65:818—-826.

Tran VT, Chang RSL and Snyder SH (1978) Histamine H, receptors identified in
mammalian brain membranes with [3H]mepyramine. Proc Natl Acad Sci USA
75:6290—-6294.

Wellendorf P, Goodman MW, Nash NR and Weiner DM (2000) Molecular cloning and
expression of functionally distinct isoforms of the human Hj receptor (Abstract).
International Sendai Histamine Symposium; 2000 Nov 20; Sendai, Japan. p 50.

West RE Jr, Zweig A, Granzow RT, Siegel MI and Egan RW (1990) Biexponential

9102 ‘ST AN Uo SeuInor 134SY e Bio'seulno iedse wireyd jow wody papeojumoq


http://molpharm.aspetjournals.org/

kinetics of (R)-a-[*H]methylhistamine binding to the rat brain Hj histamine re-
ceptor. J Neurochem 55:1612-1616.

Yamamoto Y, Mochizuki T, Okakura-Mochizuki K, Uno A and Yamatodani A (1997)
Thioperamide, a histamine Hg receptor antagonist, increases GABA release from
the rat hypothalamus. Methods Find Exp Clin Pharmacol 19:289-298.

Yamashita M, Fukui H, Sugama K, Horio Y, Ito S, Mizuguchi H and Wada H (1991)
Expression cloning of a ¢cDNA encoding the bovine histamine H; receptor. Proc
Natl Acad Sci USA 88:11515-11519.

Genomics Meets Histamine Receptors 419

Zhu Y, Michalovich D, Wu H-L, Tan KB, Dytko GM, Mannan IJ, Boyce R, Alston J,
Tierney LA, Li X, et al. (2001) Cloning, expression and pharmacological charac-
terization of a novel human histamine receptor. Mol Pharmacol 59:434—441.

Send reprint requests to: Lindsay B. Hough, Ph.D., Center for Neurophar-
macology and Neuroscience, MC-136, Albany Medical College, 47 New Scot-
land Avenue, Albany, NY 12208-3479. E-mail: houghl@mail.amc.edu

9102 ‘ST AN Uo SeuInor 134SY e Bio'seulno iedse wireyd jow wody papeojumoq


http://molpharm.aspetjournals.org/

