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Abstract

Ž Ž . . ŽŽ . Ž Ž . . .GT-2227 4- 6-cyclohexylhex-cis-3-enyl imidazole and GT-2331 1R,2 R -4- 2- 5,5-dimethylhex-1-ynyl cyclopropyl imidazole
were developed as new potent histamine H receptor antagonists. The functional activity of these ligands on the histamine H3 3

receptor-mediated inhibition of neurogenic contraction of the guinea-pig jejunum and histamine H receptor-mediated inhibition of3

norepinephrine release from guinea-pig heart synaptosomes were investigated. GT-2227 and GT-2331 both antagonized the inhibitory
Ž .effects of R -a-methylhistamine on the contraction induced by electrical field stimulation in the guinea-pig jejunum with p A values of2

7.9"0.1 and 8.5"0.03, respectively. In addition, GT-2227 and GT-2331 antagonized the inhibition of norepinephrine release in cardiac
ŽŽ . Ž . .synaptosomes by GT-2203 1R,2 R -trans-2- 1H-imidazol-4-yl cyclopropylamine , a histamine H receptor agonist. The current results3

demonstrate the antagonist activity for both GT-2227 and GT-2331 in two functional assays for histamine H receptors. q 1998 Elsevier3

Science B.V. All rights reserved.
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1. Introduction

Over the last several years, many reports have been
published on the identification, localization and pharmaco-

Žlogical properties of the histamine H receptor Arrang et3

al., 1987; Korte et al., 1990; Timmerman, 1990; Pollard et
.al., 1993; Onodera et al., 1994 . Various laboratories have

been keenly interested in the development of selective
agents for this histamine receptor subtype, and selective
histamine H antagonists such as GT-2016, thioperamide,3

clobenpropit, and iodoproxyfan have been described
ŽArrang et al., 1987; Van Der Goot et al., 1992; Tedford et

.al., 1995; Stark et al., 1996 . More recently, we have
described a series of potent 1H-4-substituted imidazole H 3

ligands demonstrating the utility of non-polar olefin and
Žacetylene spacer groups Yates et al., 1998; Ali et al.,

.1998a,b . We also described the incorporation of an enan-
tiomerically pure cyclopropane nucleus to optimize both

) Corresponding author. Tel.: q1-216-831-3200; Fax: q1-216-831-
4220.

stereochemical and conformational preferences of the H 3
Ž .receptor Ali et al., 1998a . From those studies, two new

prototype histamine H receptor ligands, GT-2227 and3

GT-2331 were identified for further pharmacological char-
acterization. The present studies provide functional data
supporting the identification of GT-2227 and GT-2331 as
new potent histamine H receptor antagonists.3

2. Materials and methods

2.1. Chemicals

Ž Ž . .GT-2227 4- 6-cyclohexylhex-cis-3-enyl imidazole ,
ŽŽ . Ž ŽG T -2 3 3 1 1 R ,2 R -4 - 2 - 5 ,5 -d im e th y lh ex -1 -

. . . ŽŽ .ynyl cyclopropyl imidazole and GT-2203 1 R,2 R -
Ž . .trans-2- 1H-imidazol-4-yl cyclopropylamine were devel-

oped and synthesized by Gliatech chemists. Acetylcholine
Ž .chloride and R -a-methylhistamine dihydrogen maleate

were obtained from Research Biochemical International
Ž .Natick, MA, USA . Triprolidine dihydrochloride was pur-

Ž .chased from Sigma St. Louis, MO, USA .
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2.2. Histamine H receptor mediated inhibition of neuro-3

genic contractions of the guinea-pig jejunum

The in vitro histamine H receptor activity at the3

guinea-pig jejunum was determined as described by
Ž .Vollinga et al. 1992 . Male Dunkin–Hartley guinea-pigs

Ž .350–400 g, Harlan CPB, Zeist, Netherlands were killed
by cervical dislocation and the intestine was rapidly re-

Ž .moved and kept in oxygenated 95% O r5% CO Krebs2 2
Žbuffer composition in mM: NaCl 118, KCl 5.6, MgSO4

1.18, CaCl 2.5, NaH PO 1.28, NaHCO 25 and glucose2 2 4 3
.5.5 , containing 0.1 mM triprolidine. Whole jejunum seg-

Ž .ments ca. 2 cm were mounted between two platinum
Ž . Ž .electrodes 4 mm apart in warm 378C Krebs buffer

under a load of 1 g. After 60 min of equilibration the
Ž .muscle was stimulated maximally ca. 15 V with a fre-

quency of 0.1 Hz and a duration of 0.5 ms with rectangular
Žwave electrical pulses Grass Stimulator S-88, Grass In-

.struments, Quincy, MA, USA . Contractions were recorded
Žisotonically Hugo Sachs TL-2rHF-modem, Hugo Sachs

.Elektronik, Hugstetten, Germany . After 30 min of stimu-
lation, a cumulative dose response curve for the histamine

Ž .H receptor agonist R -a-methylhistamine was recorded.3

Antagonists were preincubated for 15 min during the
stimulation before the preparations were challenged again

Ž .with R -a-methylhistamine. Maximally four dose re-
sponse curves were recorded on one preparation.

In addition, in separate experiments the direct effects of
histamine H antagonists on contractile response to acetyl-3

choline were investigated. Cumulative dose response curves
for the acetylcholine-mediated contractions of the non-
stimulated guinea-pig jejunum were determined isotoni-
cally under a load of 1 g. Antagonists were preincubated
for 15 min before a new dose response curve for acetyl-
choline was recorded.

2.3. Norepinephrine release from guinea-pig heart
synaptosomes

Guinea-pig heart synaptosomes were isolated as previ-
Ž .ously described Seyedi et al., 1997 . Minced tissue was

Ždigested with 40–75 mg collagenase Type II, Worthing-
.ton Biochemicals per 10 ml HEPES-buffered saline solu-

Ž .tion HBS per gram wet heart weight for 1 h at 378C.
Ž .After low speed centrifugation 10 min at 120=g at 48C ,

the resulting pellet was suspended in 10 vol. of 0.32 M
sucrose and homogenized with a Teflonrglass homoge-
nizer. The homogenate was spun at 650=g for 10 min at
48C and the pellet rehomogenized and respun. The pellet
was discarded and the supernatants from the last two spins
were combined and equally subdivided into 10–12 tubes.
Each tube was centrifuged for 20 min at 20 000=g at
48C. Each pellet, was resuspended in HBS to a final
volume of 500 ml in the presence or absence of pharmaco-

Žlogical agents e.g., histamine H receptor agonists and3
.antagonists . Treated samples were incubated in a water

bath at 378C with a given agent for 20 min and then with
30 mM Kq for 5 min. When antagonists were used,
samples were incubated with the antagonist for 20 min
prior to incubation with the agonist. Controls were incu-
bated for an equivalent length of time without drugs. At
the end of the incubation period each sample was recen-

Ž .trifuged for 20 min 20 000=g at 48C . The supernatant
was assayed for norepinephrine content by high pressure
liquid chromatography with electrochemical detection. The
pellet was assayed for protein content, by a modified

Ž .Lowry procedure Imamura et al., 1996 .

2.4. Statistics

All values are reported as mean"S.E.M. in text. For
the guinea pig jejunum studies, p A values and Schild2

slopes were calculated based on 3–4 dose-response curves
on at least 3 separate preparations. In the norepinephrine
release studies, data was analysed by ANOVA followed by

Ž .post-hoc Dunnett’s test, P-0.05 .

3. Results

3.1. Histamine H receptor mediated inhibition of neuro-3

genic contractions of the guinea-pig jejunum

Ž .R -a-methylhistamine inhibited the neurogenic con-
tractions of the guinea-pig jejunum with a pD value of2

Ž . Ž .8.1"0.07 ns6 Fig. 1 . Increasing concentrations of
GT-2227 produced a right-ward parallel shift in the dose-

Ž . Ž .response curve for R -a-methylhistamine Fig. 1A . The
p A value determined for GT-2227 was 7.9"0.1 and a2

Ž .Schild slope of 1.04"0.08 ns16 was obtained. At
higher concentrations of GT-2227, the maximal effects of
Ž .R -a-methylhistamine were reduced. Increasing concen-
trations of GT-2331 also produced a right-ward parallel

Ž .shift in the dose-response curve for R -a-methylhistamine
Ž .Fig. 1B . The p A value determined for GT-2331 was2

Ž .8.5"0.03 and a Schild slope of 1.1"0.02 ns20 was
obtained. GT-2331 also reduced the neurogenic twitch
response at concentrations higher than 100 nM. Separate
studies were conducted to evaluate the inhibitory effects of
high concentrations of GT-2331 on direct contractile re-

Ž .sponses to acetylcholine pD s6.89"0.08, ns3 . Inhi-2

bition of acetylcholine-induced contractions by GT-2331
Ž .was only seen at high concentrations i.e., 10–30 mM

Ž .yielding an apparent p A value of 5.24 ns2 . The2

inhibition of the neurogenic contractions observed at the
10 mM concentration, was also unaffected by thiop-
eramide, suggesting no histamine H partial agonist activ-3

Ž .ity data not shown .

3.2. Norepinephrine release from guinea-pig heart
synaptosomes

Release of norepinephrine from guinea-pig heart
synaptosomes was measured following depolarization with
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Ž . Ž . Ž .Fig. 1. Effects of GT-2227 A and GT-2331 B on R -a-methylhistamine inhibition of neurogenic contractions of the guinea-pig jejunum. Cumulative
Ž . Ž . Ž . Ždose response curves for the H receptor agonist R -a-methylhistamine were initially recorded control . Control -v- , GT-2227 10 -'- ; 30 -%-; and3

. Ž .100 -l- nM or GT-2331 3 -'-; 10 -%-; 30 -l-; 100 -`- nM were preincubated for 15 min during the stimulation before the preparations were
Ž .challenged again with R -a-methylhistamine. Maximally four dose response curves were recorded at one preparation.

q Ž .30 mM K Fig. 2 . Norepinephrine release was increased
25.3% above basal levels. Incubation with GT-2203, the

Žactive cyclopropyl amine H agonist isomer Khan et al.,3
. q1997 attenuated the K -evoked norepinephrine release

Ž . Ž .Fig. 2. Effects of GT-2227 300 nM and GT-2331 25 nM on
GT-2203-mediated inhibition of NE release from guinea-pig heart

Ž .synaptosomes. The H agonist, GT-2203 300 nM was incubated alone3

or in the presence of the H antagonists. Bars represent mean values3
Ž ."S.E.M.; ns12 . Basal NE levels were 1.21"0.09 pmolrmg protein.

Ž . †
)Indicates significant difference P -0.05 from basal NE level. Indi-

Ž . qcates significant difference P -0.05 from 30 mM K -evoked NE
release by ANOVA followed by post-hoc Dunnett’s test.

Ž . Ž .not significantly different from basal . GT-2227 300 nM
Ž .and GT-2331 25 nM blocked the effects on norepineph-

rine release by the histamine H agonist, GT-2203, further3

demonstrating their antagonist properties at the histamine
H receptor.3

4. Discussion

Recently, structure activity relationships were identified
from which new potent histamine H receptor ligands3

Ž .could be developed Yates et al., 1998; Ali et al., 1998a,b .
By utilizing olefin and acetylene spacers, imidazole analogs
were identified which maintained the appropriate confor-
mational and spatial orientations required for high affinity

Žhistamine H receptor-ligand interactions Yates et al.,3
.1998; Ali et al., 1998a,b . GT-2227 and GT-2331 were

developed with high binding affinity for the histamine H 3
Žreceptor in vitro pK values of 8.4 and 9.9, respectively;i

.Yates et al., 1998; Ali et al., 1998a,b . The development of
these specific ligands provides for some unique structural
properties to further evaluate histamine H receptor-ligand3
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interactions. Both compounds maintain only the imidazole
head with the removal of all subsequent heteroatoms, thus
minimizing hydrogen and ionic interactions distal to the
imidazole head at the receptor site.

The present findings demonstrated in two functional
assays the histamine H receptor antagonist properties of3

these prototype compounds. Both compounds induced
Ž .parallel shifts in the dose–response curve for R -a-

methylhistamine in the isolated guinea-pig jejunum prepa-
ration demonstrating histamine H antagonist activity.3

Separate results demonstrate that both compounds block
the modulatory effects of a histamine H agonist on3

norepinephrine release in guinea-pig cardiac synapto-
somes.

The present findings are supportive of a selective inter-
action at the histamine H receptor for GT-2227 and3

Ž .GT-2331. Recently, both GT-2227 Yates et al., 1998 and
Ž .GT-2331 unpublished data were screened against a large

battery of receptors, hormones, and enzymes and minimal
interactions were seen at concentrations of 1 mM confirm-
ing the compounds’ high selectivity for the histamine H 3

receptor. Some direct-inhibitory effects were seen in our
studies but only at high concentrations and were not

Ž .histamine H receptor related thioperamide-insensitive .3

Moreover, as demonstrated by the acetylcholine-induced
Ž .contractile studies with GT-2331 apparent p A s5.242

the direct inhibitory effects were )1000-fold higher than
that required for histamine H receptor blockade. Direct3

inhibitory effects in guinea-pig bioassays have been previ-
ously described at high concentrations for other histamine

Ž .H antagonists including clobenpropit Barnes et al., 19933
Ž .and iodoproxyfan Watt et al., 1997 and maybe class-re-

lated. In addition, iodoproxyfan studies suggest some par-
tial histamine H agonist activity not seen with GT-22273

Ž .and GT-2331 in the current studies Watt et al., 1997 .
Overall, the histamine H receptor affinity for GT-22273

in the guinea-pig jejunum assay is consistent with the
histamine H receptor binding affinity from the rat cortex3
Ž .p A s7.9 vs. pK s8.4, Yates et al., 1998 . However,2 i

differences were apparent with GT-2331 between the two
Ž .assays p A s8.5 vs. pK s9.9 Ali et al., 1998a . Dis-2 i

crepancies have been reported by other investigators with
selected histamine H compounds and differences between3

central and peripheral histamine H receptors have been3
Žpreviously suggested Barocelli et al., 1993; Leurs et al.,

.1996; Harper et al., 1997; Schlicker et al., 1996 . In
contrast, GT-2227 and GT-2331 both antagonized the ef-
fects of GT-2203 in the guinea-pig cardiac synaptosomes
at concentrations that were in agreement with the relative

Ž .differences ;10= in affinity seen with the rat cortical
histamine H receptor. A further detailed evaluation of3

several structural classes of H antagonists across assays3

might allow determination of true receptor, species, tissue
or assay differences.

In summary, the functional activity of two new potent
histamine H receptor antagonists have been described.3

Additional in vitro and in vivo pharmacological characteri-
zation of these new histamine H antagonists is ongoing.3

Most importantly, the identification of these prototype new
histamine H ligands provide for two unique classes of3

compounds and will help provide better understanding of
ligand–histamine H receptor interactions.3

Acknowledgements

Gliatech gratefully acknowledge Obbe Zuiderveld for
his technical assistance in performing the guinea-pig je-
junum studies at the LeidenrAmsterdam Center for Drug
Research. We thank Drs. Rob Leurs and Henk Timmerman
for their collaboration with us in the guinea-pig jejunum
studies. Drs. Levi, Seyedi and Maruyama were supported
by NIH grants HL 34215 and HL 46403.

References

Ali, S.M., Tedford, C.E., Gregory, R., Yates, S.L., Handley, M.K., Hirth,
W.W., Phillips, J.G., 1998a. New acetylene based histamine H 3

receptor antagonists derived from the marine natural product
verongamine. Abstract, 215th Nat. Meeting Am. Chem. Society,
MEDI a145.

Ali, S.M., Tedford, C.E., Gregory, R., Yates, S.L., Phillips, J.G., 1998b.
New acetylene based histamine H receptor antagonists derived from3

the marine natural product verongamine. Bioorg. Med. Chem. Lett. 8,
1133–1138.

Arrang, J.-M., Garbarg, M., Schwartz, J.-C., 1987. Autoinhibition of
histamine synthesis mediated by pre-synaptic H -receptors. Neuro-3

science 23, 149–157.
Barnes, J.C., Brown, J.D., Clarke, N.P., Clapham, J., Evans, D.J.,

O’Shaughnessy, C.T., 1993. Pharmacological activity of VUF 9153,
an isothiourea histamine H receptor antagonist. Eur. J. Pharmacol.3

250, 147–152.
Barocelli, E., Ballabeni, V., Caretta, A., Bordi, F., Silva, C., Morini, G.,

Impicciatore, M., 1993. Pharmacological profile of new thioperamide
derivatives at histamine peripheral H -, H -, H -receptors in guinea-1 2 3

pig. Agents Actions 38, 158–164.
Harper, E.A., Gardner, B., Griffin, E.P., Shankley, N.P., Black, J.W.,

1997. Characterization of the binding of histamine H -receptor lig-3

ands in guinea-pig cortex and ileal longitudinal muscle myenteric
plexus. Abstract, Joint British Pharmacological Society and Societe
Francaise de Pharmacologie, Edinburgh.

Imamura, M., Lander, H.M., Levi, R., 1996. Activation of histamine
H -receptor inhibits carrier-mediated norepinephrine release during3

protracted myocardial ischemia: comparison with adenosine A - and1

adrenergic a -receptors. Circ. Res. 78, 475–481.2

Khan, M.A., Yates, S.L., Tedford, C.E., Kirschbaum, K., Phillips, J.G.,
Ž1997. Diastereoselective synthesis of trans-2- 1-triphenylmethyl-1H-

.imidazol-4-yl cyclopropanecarboxylic acids: key intermediates for the
preparation of potent and chiral histamine H receptor agents. Bioorg.3

Med. Chem. Lett. 23, 3017–3022.
Korte, A., Myers, J., Shih, N.-Y., Egan, R.W., Clark, M.A., 1990.

Characterization and tissue distribution of H -histamine receptors in3

guinea pigs by N a-methylhistamine. Biochem. Boiphys. Res. Com-
mun. 168, 979–986.

Leurs, R., Kathmann, M., Vollinga, R.C., Menge, W.M.P.B., Schlicker,
E., Timmerman, H., 1996. Histamine homolgues discriminating be-
tween two functional H receptor assays. Evidence for H receptor3 3

heterogeneity?. J. Exp. Ther. Pharmacol. 276, 1009–1015.



( )C.E. Tedford et al.rEuropean Journal of Pharmacology 351 1998 307–311 311

Onodera, K., Yamatodani, A., Watanabe, T., Wada, H., 1994. Neurophar-
macology of the histaminergic neuron system in the brain and its
relationship with behavioral disorders. Progress in Neurobiology 42,
685–702.

Pollard, H., Moreau, J., Arrang, J.M., Schwartz, J.C., 1993. A detailed
autoradiographic mapping of histamine H receptors in rat brain3

areas. Neuroscience 52, 169–189.
Schlicker, E., Kathmann, Bitschnau, H., Marr, I., Reidemeister, S., Stark,

H., Schunack, W., 1996. Potencies of antagonists chemically related
to iodoproxyfan at histamine H-3 receptors in mouse brain cortex and
guinea-pig ileum. Evidence for H-3 receptor heterogeneity?. Naunyn-
Schmied. Arch. Pharmacol. 353, 482–488.

Seyedi, N., Win, T., Lander, H.M., Levi, R., 1997. Bradykinin B -recep-2

tor activation augments norepinephrine exocytosis from cardiac sym-
pathetic nerve endings—Mediation by autocrinerparacrine mecha-
nisms. Circ. Res. 81, 774–784.

Stark, H., Purand, K., Huls, A., Ligneau, X., Garbarg, M., Schwartz, J.C.,
w125 xSchunack, W., 1996. I Iodoproxyfan and related compounds: a

reversible radioligand and novel classes of antagonists with high
affinity and selectivity for the histamine H receptor. J. Med. Chem.3

39, 1220–1226.
Tedford, C.E., Yates, S.L., Pawlowski, G.P., Nalwalk, J.W., Hough,

L.B., Khan, M.A., Phillips, J.G., Durant, G.J., Frederickson, R.C.A.,
1995. Pharmacological characterization of GT-2016, a non-thiourea-
containing histamine H antagonist; in vitro and in vivo studies. J.3

Pharmacol. Exp. Ther. 275, 598–604.
Timmerman, H., 1990. Histamine H Ligands: Just pharmacological tools3

or potential therapeutic agents?. J. Med. Chem. 33, 4–11.
Van Der Goot, H., Schepers, M.J.P., Sterk, G.J., Timmerman, H., 1992.

Isothiourea analogies of histamine as potent agonists or antagonists of
the histamine H -receptor. Eur. J. Med. Chem. 27, 511–518.3

Vollinga, R.C., Menge, W.M.P.B., Leurs, R., Timmerman, H., 1992. A
simple and rapid in vitro test system for the screening of histamine H 3

ligands. Meth. Find. Exp. Clin. Pharmacol. 14, 747–751.
Watt, G.F., Sykes, D.A., Roberts, S.P., Shankley, N.P., Black, J.W.,

1997. Estimation of agonist and efficacy parameters of histamine
H -receptor ligands in guinea-pig ileum. Br. J. Pharmacol., 122, 4353

pp.
Yates, S.L., Phillips, J.G., Gregory, R., Pawlowski, G.P., Fadnis, L.,

Khan, M.A., Ali, S.M., Tedford, C.E., 1998. Identification and phar-
macological characterization of a series of new 1H-4-substituted-im-
idazoyl histamine H receptor ligands. J. Pharmacol. Exp. Ther.,3

in press.


