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Abstract—Fluorescently labeled histamine H1 receptor antagonists were synthesized starting from N-demethylmepyramine by
introduction of o-aminoalkyl chains (2–8 methylene groups in length) followed by derivatization of the terminal NH2 group with
various fluorophores (fluorescein, naphthofluorescein, rhodamine, tetramethylrhodamine, BODIPY, dansyl, and nitrobenzoxa-
diazole (NBD)). On the isolated guinea pig ileum and in a Ca2+ assay on U373MG human glioblastoma cells the highest H1
antagonistic activities were found in 5- and 6-carboxyfluorescein labeled compounds with hexa- and octamethylene spacers and in
an analogous NBD-aminohexanoyl derivative (pA2 or pKB values in the range: 8.3–9.0; compared to 9.3–9.4 for mepyramine).
# 2003 Elsevier Science Ltd. All rights reserved.
Fluorescent probes offer attractive alternatives to the
application of radioligands, for example to detect recep-
tors in cells and tissues, and to study drug receptor inter-
actions on soluble or cell-bound targets.1,2 Recently, we
have demonstrated by using cyanine 5-labeled neuropep-
tide Y, that the affinity of agonists and antagonists acting
at G-protein coupled receptors (GPCRs) can be deter-
mined under equilibrium conditions by flow cytometry.3,4

Generally, this method cannot be easily transferred to
small molecules as ligands of GPCRs since the labeling
of such compounds, for example biogenic amines and
their antagonists, with bulky fluorescent dyes usually
leads to a much more pronounced decrease in activity
than in the case of peptide ligands. Thus, suitable fluor-
escent probes are required to further develop the
aforementioned fluorescence-based methods for the
investigation of GPCRs. In continuation of our studies
we selected histamine H1 receptors

5 as a model.

The design of the fluorescent H1 antagonists followed
an approach that has been successfully applied for the
development of the high affinity radioligand [125I]iodo-
bolpyramine,6,7 a Bolton–Hunter-modified analogue of
the H1 receptor antagonist mepyramine (Scheme 1).

5 To
obtain fluorescent analogues, N-demethylmepyramine
((3), N-(4-methoxybenzyl)-N0-methyl-N-(2-pyridyl)-1,2-
ethanediamine, normepyramine) was selected as the
active moiety to be conjugated with various fluoro-
phores (10A–I) by different functional groups and
through spacers of various lengths (Schemes 2 and 3).
Chemistry

2-(4-Methoxybenzylamino)pyridine 1 was treated with
bromoacetyl bromide and then with methylamine to
obtain amide 2 which was reduced with lithium–alumi-
nium hydride to give the central building block 3
(Scheme 2). The phthalimidoalkanoic acids 4a–d, pre-
pared from phthalic anhydride and o-aminoalkanoic
acids, were activated with carbonyldiimidazole (CDI) at
room temperature in anhydrous THF and allowed to
react with 3 to give the amides 5a–d. Deprotection with
hydrazine hydrate gave the aminoalkanamides 6a–d,
which were treated with LiAlH4 to yield 7a–d (Scheme
2). The compounds 7a,b were also obtained from 3 by
alkylation with the o-bromonitriles 8a,b in toluene at
100 �C, followed by reduction of the nitriles 9a,b.
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The coupling reactions of 7a–d (Scheme 3) with
carboxyfluorescein were carried out with a commer-
cially available mixture of the 5- and 6-isomers 10A,B
(succinimidyl ester) in anhydrous dichloromethane/
DMSO in the dark.8 The separation of the derivatives
11a–d and 12a–d was performed by HPLC on a semi-
preparative scale. Analogously, 7c was labeled with the
succinimidyl esters 10A–G or chloronitrobenzoxa-
diazole (10H), and 7a was derivatized with dansyl chlo-
ride (10I) to give the corresponding fluorescent ligands
13c–17c, 18a and 19c, respectively (Scheme 3).9
Pharmacology

The fluorescent compounds were investigated for hista-
mine H1-receptor antagonistic activity at the isolated
guinea pig ileum according to known experimental pro-
tocols.10 Additionally, the histamine H1 receptor antag-
onism was determined on Fura-2-AM loaded U373MG
human glioblastoma cells with a fluorimetric calcium
assay11 (Fura assay) following the general procedure
described elsewhere.12,13 The results are summarized in
Table 1.
Results and Discussion

Small changes in the typical H1 antihistamine structure
of mepyramine may lead to compounds with con-
siderably reduced H1 antagonist activity on the guinea
Scheme 2.
Scheme 3.
Table 1. Histamine H1 receptor antagonistic activities determined on

the isolated guinea pig ileum and on U373MG human glioblastoma

cells
Compd
 lmax
Ex (nm)a
lmax
Em (nm)a
Guinea pig
ileumb

pA2�SEM
U373MG cells
(Ca2+ assay)c

pKB�SEM
Mepyramine
 9.42�0.15d
 9.30�0.20

3
 8.18�0.07
 8.12�0.04

7a
 7.88�0.19
 7.84�0.09

7b
 7.65�0.19
 7.61�0.07

7c
 7.89�0.09
 8.03�0.07

7d
 8.01�0.35
 8.06�0.15

11a
 493
 522
 7.16�0.13
 7.21�0.08

11b
 493
 521
 8.35�0.29
 8.47�0.11

11c
 493
 523
 7.67�0.02
 8.17�0.15

11d
 496
 524
 8.47�0.10
 8.94�0.16

12a
 494
 516
 6.84�0.05
 6.93�0.05

12b
 494
 521
 7.50�0.06
 7.81�0.12

12c
 500
 520
 7.58�0.04
 8.40�0.19

12d
 499
 520
 8.30�0.08
 8.53�0.17

13c
 501
 512
 7.83�0.17
 7.85�0.06

14c
 555
 576
 7.48�0.06
 7.54�0.02

15c
 501
 527
 7.58�0.13
 7.68�0.28

16c
 nd
 nd
 7.44�1.33
 7.18�0.13

17c
 483
 536
 8.71�0.26
 9.05�0.20

18a
 486
 540
 8.33�0.24
 8.12�0.09

19c
 321
 536
 7.75�0.15
 7.76�0.35
aLongest wavelength absorption and fluorescence emission maximum
determined with a Kontron UV–visspectrometer and a Perkin–Elmer
LS-50B spectrofluorimeter, using solutions of the compounds in a
buffer (NaCl 120 mM, KCl 5 mM, MgCl2 2 mM, CaCl2 1.5 mM,
Hepes 25 mM, glucose 10 mM, adjusted to pH 7.4 with NaOH), which
was also used for the Ca2+ assay; nd: not determined.
bpA2 values: calculated from the rightward shift of isotonically recor-
ded cumulative concentration-response curves (n: 6–12) for histamine
in the absence and presence of the putative antagonist (15 min incu-
bation at 30 �C).
cFura-2-loaded U373MG cells11,12 were incubated with varying con-
centrations of the antagonists (n=2–4) for 1 min prior to stimulation
with 30 mMhistamine (producing submaximal increase in [Ca2+]i). pKB
values: calculated from IC50 values with the Cheng–Prusoff equation.
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pig illeum.7 The removal of a methyl group from the
tertiary amino group in mepyramine, as well as the
replacement of the methyl with an aminoalkyl group,
results in a pronounced decrease in activity (3, 7a–d).
However, compared to the non-labeled building blocks
7a–d, some of the fluorescent probes are more potent H1
blockers, for example, depending on the chain length of
the spacer, suitable fluorophores may confer additional
H1 receptor affinity. Comparing the activities of 5- and
6-carboxyfluorescein-labeled H1 antagonists 11a–d and
12a–d on the ileum there is a spacer-dependent increase
with highest activity residing in the compounds with
more than 2 methylene groups. Though the pA2 or pKB
values of mepyramine were not achieved, a number of
the fluorescent probes listed in Table 1 were found to
have H1 antagonistic activities in the range of commer-
cially available drugs such as pheniramine or diphen-
hydramine (pA2 values in the range of 8.1–9.0). The
derivatives 13–16c and 19c, which have the same chain
length but are labeled with different dyes, were found to
be less active than mepyramine by 1 to 2 orders of
magnitude. Compound 18a, which contains only a short
chain (CH2CH2) connecting the affinity-conferring par-
tial structure and the NBD dye, was found to be about
half as potent as 17c, which contains a long spacer
group ((CH)6NHCO(CH2)5).

The H1 antagonistic activities found on the guinea pig
ileum are in rather good agreement with the results from
U373MG human glioblastoma cells for the non-labeled
compounds and for most of the fluorescent ligands.
There are only a few exceptions among the investigated
compounds showing discrepancies between the two
pharmacological test models >0.6 log units, which may
be associated with the distinct incubation periods (15
min (ileum) vs 1 min (U373MG)) or the different acces-
sibility of the H1 receptor (diffusion and/or enrichment
of the compounds in the tissue and the cells). For-
tunately, the Fura assays (ratiometric method, lex: 340
and 380 nm, lem: 510 nm) was not impaired by the
fluorescent H1 antagonist, which have excitation max-
ima at longer wavelengths. This finding is of particular
importance with respect to the development of multi-
parametric cellular assays for the determination of
receptor binding and functional data.

Bulky fluorophores are tolerated when linked to the
affinity-conferring partial structure by an appropriate
spacer group. It is conceivable that the various bulky
dyes are not interacting with amino acids of the trans-
membrane H1 receptor domains but are extending into
the extracellular space. The contribution of the fluoro-
phore to the receptor affinity could result from its
interaction with extracellular loop regions.
Conclusions

The results summarized in Table 1 show that rather
potent fluorescence-labeled H1 antagonists are obtained
by connecting normepyramine and fluorescein or NBD
via spacer groups of appropriate length. In principle,
high affinity fluorescent ligands of biogenic amine
receptors may be obtained by this approach, however,
predictions of the best suited fluorophore are difficult.
The fluorescent properties of the H1 antagonists are not
detrimental to the application of the Fura assay. This
gives further support to the idea that it may be possible
to combine fluorescence-based methods for (a) func-
tional studies (e.g., Ca2+ assay) and (b) the determina-
tion of binding constants of GPCR ligands. The
combination of both may be potentially useful in high-
throughput screening to get information on affinities
and agonistic/antagonistic properties of potential drug
candidates in one assay. Moreover, fluorescent probes
such as the fluorescein-labeled mepyramine analogues
may be useful to study the GPCRs in tissue prepara-
tions and on cells.
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