
Novel histamine H3-receptor antagonists and partial agonists with
a non-aminergic structure

1Tobias Nickel, 1Ulrich Bauer, *,1Eberhard Schlicker, 1Markus Kathmann, 1Manfred GoÈ thert,
2Astrid Sasse, 2Holger Stark & 2Walter Schunack

1Institut fuÈ r Pharmakologie und Toxikologie, UniversitaÈ t Bonn, Reuterstr. 2b, 53113 Bonn, Germany and 2Institut fuÈ r
Pharmazie, Freie UniversitaÈ t Berlin, KoÈ nigin-Luise-Str. 2+4, 14195 Berlin, Germany

1 We determined the a�nities of eight novel histamine H3-receptor ligands (ethers and carbamates)
for H3-receptor binding sites and their agonistic/antagonistic e�ects in two functional H3-receptor
models. The compounds di�er from histamine in that the ethylamine chain is replaced by a
propyloxy chain; in the three ethers mentioned below (FUB 335, 373 and 407), R is n-pentyl, 3-
methylbutyl and 3,3-dimethylbutyl, respectively.

2 The compounds monophasically inhibited [3H]-Na-methylhistamine binding to mouse cerebral
cortex membranes (pKi 7.51 ± 9.53).

3 The concentration-response curve of histamine for its inhibitory e�ect on the electrically evoked
[3H]-noradrenaline over¯ow from mouse cortex slices was shifted to the right by these compounds
(apparent pA2 6.61 ± 8.00). Only FUB 373 and 407 inhibited the evoked over¯ow by themselves
(intrinsic activities 0.3 and 0.4); these e�ects were counteracted by the H3-receptor antagonist
clobenpropit.

4 [35S]-GTPgS binding to mouse cortex membranes was stimulated by the H3-receptor agonist (R)-
a-methylhistamine in a manner sensitive to clobenpropit. Among the novel compounds only FUB
373 and 407 stimulated [35S]-GTPgS binding (intrinsic activities 0.6 and 0.4).

5 In conclusion, the novel compounds are partial H3-receptor agonists (FUB 373 and 407) or H3-
receptor antagonists; comparison with FUB 335 shows that the transition from antagonist to agonist
is caused by a slight structural change. A protonated N atom in the side chain is not necessary for
agonism at H3 receptors, proposing a receptor-ligand interaction di�erent from that of classical
agonists.
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Introduction

The histamine H3 receptor, which belongs to the superfamily

of G protein-coupled receptors and has been cloned recently
(Lovenberg et al., 1999; 2000; Tardivel-Lacombe et al., 2000),
was discovered on histaminergic neurones as a presynaptic

autoreceptor reducing the exocytotic release and the synthesis
of histamine (Arrang et al., 1983; 1987). This receptor,
however, also occurs as a presynaptic heteroreceptor on non-

histaminergic nerve endings and inhibits the release of the
respective transmitters (for review, see Stark et al., 1996; Hill
et al., 1997). In addition, H3 receptors have been found on

several types of paracrine cells where they modulate the
release of the respective mediator (for review, see Stark et al.,
1996; Hill et al., 1997). Finally, a few papers suggest that H3

receptors are also capable of inhibiting carrier-mediated

noradrenaline release in the heart (for review, see Levi &
Smith, 2000). A series of indications has been considered for
H3-receptor ligands; e.g., H3-receptor antagonists penetrating

the blood-brain barrier have been proposed as potential

drugs for the treatment of dementia, narcolepsy and obesity
(Stark et al., 1996; Leurs et al., 1998). One H3-receptor
antagonist, GT-2331 (PerceptinR), is currently being eval-

uated in a phase II clinical study as a treatment for attention-
de®cit hyperactivity disorder (for review, see Tozer &
Kalindjian, 2000).

The monoamines and histamine contain, in their side
chain, an amino nitrogen which is protonated under
physiological conditions. It is assumed that this protonated

nitrogen forms an ionic bond with a (highly conserved)
aspartate (Asp) residue in the third transmembrane domain
of the respective receptor protein (for review, see Birdsall,
1991). Such an aspartate residue also occurs in the sequence

of the recently cloned human (Asp-114), rat (Asp-114) and
guinea-pig H3 receptor (Asp-115) and may bind to the
protonated side chain nitrogen of histamine and H3-receptor

agonists (for discussion, see Leurs et al., 2000). This
hypothesis is based on several molecular modelling studies
(Sippl et al., 1995; 1998; de Esch et al., 2000). On the other
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hand, some congeners of histamine in which the ethylamine
side chain is replaced by a side chain not positively charged
at physiological pH proved to be partial or even full agonists,

including ethers (Schlicker et al., 1996; Watt et al., 1997;
Sasse et al., 1999; Lovenberg et al., 2000) and carbamates
(Sasse et al., 1999; 2000).
It was the aim of the present study to determine the

a�nities and potencies of four recently synthesized ethers and
four carbamates (Sasse et al., 1999 and unpublished) at the
H3 receptor in the mouse brain cortex. A�nities were

determined using the radioligand [3H]-Na-methylhistamine.
Potencies and intrinsic activities were determined using
stimulation of guanosine 5'-[g-35S]-thiotriphosphate ([35S]-

GTPgS) binding and inhibition of noradrenaline release.

Methods

Binding studies

Cerebral cortex membranes from male NMRI mice or male
Wistar rats were homogenized (Potter-Elvehjem) in 25
volumes of ice-cold Tris-HCl bu�er (Tris 50 mM, pH 7.5;

EDTA 5 mM; sucrose 10.27%) and centrifuged at 10006g
for 10 min (48C). The supernatant was centrifuged at
35,0006g for 10 min and the pellet was resuspended in

bu�er and frozen at 7808C. The bu�er was composed as
follows (mM): Tris 50, pH 7.5; EDTA 5 for binding
experiments with [3H]-Na-methylhistamine and Tris 50, pH

7.4; EGTA 0.2; MgCl2 3; NaCl 100 for binding experiments
with [35S]-GTPgS.
Binding experiments with [3H]-Na-methylhistamine were

performed essentially as described by Kathmann et al. (1993).

Brie¯y, membranes were incubated with Tris-HCl bu�er in a
®nal volume of 0.5 ml containing 30 ± 60 mg protein. [3H]-Na-
Methylhistamine was used at seven concentrations for

saturation experiments and at a concentration of 0.5 nM for
competition experiments. The incubation (308C) was termi-
nated after 40 min by ®ltration through polyethyleneimine

(0.3%)-pretreated Whatman GF/C ®lters. (R)-a-Methylhista-
mine 2 mM was used to determine non-speci®c binding (15%
for [3H]-Na-methylhistamine 0.5 nM). Protein concentration
was assayed by the method described by Bradford (1976).

Data were analysed using the program GraphPadPrism
(Prism; GraphPad Software, San Diego, CA, U.S.A.).
Binding experiments with [35S]-GTPgS (carried out essen-

tially as described by Nakazi et al. 2000) were performed in
Tris-HCl bu�er (mM: Tris 50, pH 7.4; EGTA 0.2; MgCl2 3;
NaCl 100; GDP 30 mM) in a ®nal volume of 0.5 ml

containing 5 ± 15 mg protein. [35S]-GTPgS was used at a
concentration of 0.05 nM. The incubation (308C) was
terminated after 60 min by ®ltration through Whatman

GF/B ®lters. Non-radioactive guanosine 5'-O-(3-thiotriphos-
phate) 10 mM was used to determine non-speci®c binding
(20% of basal binding).

Superfusion studies

Cerebral cortex slices (0.3 mm thick, 3 mm diameter) from

male NMRI mice were incubated (378C) for 60 min with
physiological salt solution (PSS) containing [3H]-noradrenaline
0.025 mM. Subsequently, the slices were transferred to super-

fusion chambers and superfused (0.5 ml min71) with PSS
(378C) containing desipramine 1 mM (for blockade of the
neuronal noradrenaline transporter) and rauwolscine 1 mM
(for blockade of a2-adrenoceptors). The superfusate was
collected in 5-min samples; experiments lasted for 110 min.
Tritium over¯ow was evoked by two 2-min periods of electrical
®eld stimulation (0.3 Hz, 50 mA, 2 ms) after 40 and 90 min of

superfusion (S1 and S2). The drugs under study were present in
the medium either throughout superfusion or from 62 min of
superfusion onward, as indicated under Results. For composi-

tion of the PSS, see Werthwein et al. (1999).
Tritium e�ux was calculated as the fraction of the tritium

content in the slices at the beginning of the respective

collection period (fractional rate of tritium e�ux). To
quantify e�ects of drugs on basal e�ux, the ratio of the
fractional rates in the 5 min period prior to S2 (t2) and in the

5 min period 15 ± 20 min after the onset of S1 (t1) was
determined (for drugs added to the PSS from 62 min of
superfusion onward) or the t1 values obtained in the absence
or presence of a given drug were directly compared to each

other (for drugs present in the PSS throughout superfusion).
Stimulation-evoked tritium over¯ow was calculated by
subtraction of basal from total e�ux during stimulation

and the subsequent 13 min and expressed as per cent of the
tritium present in the slice at the onset of stimulation (basal
e�ux was assumed to decline linearly from the 5 min period

before to that 15 ± 20 min after onset of stimulation). To
quantify drug-induced e�ects on the stimulated tritium
over¯ow, the ratio of the over¯ow evoked by S2 over that

evoked by S1 was determined (S2/S1) (for drugs added to the
PSS from 62 min of superfusion) or the S1 values obtained in
the absence or presence of a given drug were directly
compared to each other (for drugs present throughout

superfusion). Apparent pA2 values were calculated according
to formula 4 of Furchgott (1972).

Statistics

Results are given as means+s.e.mean of n experiments

(superfusion) and of n experiments in triplicate (binding).
Student's t-test was used for comparison of mean values; the
Bonferroni correction was used when two or more values had
to be compared to the same control. The F-test was applied

in order to evaluate whether the inhibition of [3H]-Na-
methylhistamine binding by drugs is better ®tted by a one-
or a two-site model.

Drugs used

(R)-(7)-[Ring-2,5,6-3H]-noradrenaline (speci®c activity (spec.
act.) 51.8 ± 62.3 Ci mmol71; NEN, Zaventem, Belgium);
[methyl-3H]-Na-methylhistamine dihydrochloride (spec. act.

78.9 Ci mmol71; NEN); [35S]-GTPgS, base (spec. act.
1250 Ci mmol71; NEN) or triethylammonium salt (spec.
act. 1099-1105 Ci mmol71; Amersham, Braunschweig, Ger-
many); clobenpropit dihydrobromide (Professor H. Timmer-

man, Vrije Universiteit Amsterdam, The Netherlands);
desipramine hydrochloride (Ciba-Geigy, Wehr, Germany);
histamine dihydrochloride (Sigma, Munich, Germany); the

test compounds FUB 335, FUB 373, FUB 379, FUB 397,
FUB 407, FUB 415, FUB 474 and FUB 475 (maleates; for
chemical structure, see Table 1) were synthesized at the
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Institut fuÈ r Pharmazie (Freie UniversitaÈ t Berlin, Germany;
Sasse et al., 1999 and unpublished); (R)-a-methylhistamine
dihydrogenmaleate (Institut fuÈ r Pharmazie, Freie UniversitaÈ t

Berlin); rauwolscine hydrochloride (Roth, Karlsruhe, Ger-
many). Stock solutions of the drugs were prepared with water
and diluted with PSS (superfusion experiments) or water
(binding experiments) to the concentration required.

Results

Inhibition of [3H]-Na-methylhistamine binding

In saturation binding experiments on mouse brain cortex
membranes, using [3H]-Na-methylhistamine at seven concen-
trations, a KD value of 0.71+0.08 nM with a maximum number

of binding sites (Bmax) of 111+2 fmol mg71 protein was
determined; Scatchard analysis revealed a straight line with a
Hill coe�cient (nH) of unity (Figure 1). Similar results had been
obtained previously (Kathmann et al., 1993) for saturation

binding experiments with this radioligand on rat brain cortex

membranes. In those experiments, the KD was 0.70+0.03 nM
and the Bmax amounted to 98+6 fmol mg71 protein.
In competition binding experiments, binding of [3H]-Na-

methylhistamine 0.5 nM to mouse cortex membranes was
inhibited monophasically (nH near unity) by the eight FUB
compounds yielding pKi values ranging from 7.51 to 9.53
(Figure 2, Table 1). When the compounds were studied in rat

brain cortex membranes, very similar results were obtained
(Table 1; highly signi®cant (P50.001) correlation of the pKi

values in membranes from both species with a correlation

coe�cient r of 0.978; regression line not shown).

Stimulation of [35S]-GTPgS binding

Basal [35S]-GTPgS binding to mouse brain cortex membranes
was 153+49 fmol mg71 protein. (R)-a-Methylhistamine,
which is a full agonist with respect to H3 receptor-mediated

stimulation of [35S]-GTPgS binding in cerebral cortex
membranes from the rat (Clark & Hill, 1996) and the mouse
(own unpublished results), stimulated [35S]-GTPgS binding to
mouse cortex membranes by about 20% (Figure 3). The

Table 1 Chemical structures, a�nities, potencies and intrinsic activities (i.a.) of newly synthesized H3-receptor ligands in the rat and
mouse brain cortex
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e�ect of (R)-a-methylhistamine 1 mM (concentration produ-
cing the maximum e�ect; EC50 0.02 mM) was abolished by the
H3-receptor antagonist clobenpropit 0.1 mM, which, by itself,

did not a�ect binding (Figure 3, inset). Among the eight FUB
compounds, only FUB 373 and FUB 407 stimulated [35S]-
GTPgS binding, behaving as partial agonists in this respect

(Figure 3, Table 1).

Inhibition of [3H]-noradrenaline release

Basal tritium e�ux was not a�ected by histamine, the FUB
compounds and clobenpropit (not shown). The electrically
evoked tritium over¯ow (S2/S1) was 1.17+0.02 in 78 controls;

tritium over¯ow evoked by S1 amounted to 8.18+0.24% of
tissue tritium (n=78). The electrically evoked tritium over-
¯ow was inhibited by histamine (added to the medium before

S2) in a concentration-dependent manner (Figure 4); the
maximum extent of inhibition amounted to about 50% with
an EC50 value of 0.19 mM. The concentration ± response curve

of histamine was shifted to the right by the FUB compounds
(present in the medium during S1 and S2). The concentra-
tion ± response curve for histamine obtained in the presence

of FUB 335 is shown in Figure 4; similar curves were
obtained for the other FUB compounds (not shown). The
apparent pA2 values, ranging from 6.61 to 8.00, are given in

Table 1. FUB 373 0.32 mM, by itself, decreased the evoked
tritium over¯ow (S1) by 10+3% (P50.05; n=8) and FUB
407 0.32 mM tended to decrease it (by 20+6%; P=0.08;

n=13). The other FUB compounds did not a�ect the evoked
over¯ow by themselves (not shown).

Figure 2 Inhibition of speci®c [3H]-Na-methylhistamine binding to
mouse brain cortex membranes by eight novel H3-receptor ligands
with ether (a) or carbamate structure (b). Membranes were incubated
(308C) for 40 min with [3H]-Na-methylhistamine and 10 concentra-
tions of the test compounds. Means+s.e.mean from four experiments
(in triplicate) are shown (for some data points, s.e.mean is contained
within the symbol).

Figure 3 E�ect of (R)-a-methylhistamine (Ra-MH) and of two
novel H3-receptor ligands on speci®c [35S]-GTPgS binding to mouse
brain cortex membranes. Membranes were incubated (308C) for
60 min with [35S]-GTPgS and 10 concentrations of the test
compounds. Means+s.e.mean from 16 (FUB compounds) or seven
experiments (Ra-MH) in triplicate (for some data points, s.e.mean is
contained within the symbol). The inset shows the interaction of Ra-
MH with clobenpropit (Clob.); means+s.e.mean from ®ve experi-
ments in triplicate.

Figure 1 Saturation of speci®c [3H]-Na-methylhistamine binding to
mouse brain cortex membranes. Membranes were incubated (308C)
for 40 min with [3H]-Na-methylhistamine. Speci®c binding was
de®ned as that inhibited by (R)-a-methylhistamine 2 mM. Scatchard
transformation of the saturation data is presented in the lower panel.
Means from four experiments (in triplicate) are shown (for some data
points, s.e.mean is contained within the symbol).

British Journal of Pharmacology vol 132 (8)

Novel H3-receptor antagonists and partial agonistsT. Nickel et al1668



In order to further investigate potential inhibitory e�ects of
the FUB compounds on the electrically evoked tritium

over¯ow, the compounds were added to the medium before
S2 (like histamine in the experiments of Figure 4) and were
studied at a concentration exceeding the respective antagonist
dissociation constant (107pA2) by a factor of 100. Histamine

10 mM was used as a reference drug. Among the FUB
compounds, only FUB 373 and FUB 407 inhibited the
electrically evoked tritium over¯ow (S2/S1), behaving as

partial agonists in this respect (Figure 5a, Table 1). The
inhibitory e�ects of the two FUB compounds and of
histamine were counteracted by clobenpropit 0.32 mM (pre-

sent during S1 and S2; Figure 5b), which, by itself, did not
a�ect the evoked tritium over¯ow (S1; not shown).

Discussion

The a�nities/potencies of eight novel H3-receptor ligands

(four ethers and four carbamates; Sasse et al., 1999 and
unpublished) have been determined at three subsequent levels
of the signal transduction chain of the H3-receptor in the

mouse brain cortex, i.e. at the level (i) of the receptor, (ii) of
the G proteins, and (iii) of an e�ector (H3-receptor-mediated
inhibition of noradrenaline release in cerebral cortex slices;

Schlicker et al., 1992).
The eight compounds under study proved to be antagonists

at the H3 receptor producing inhibition of the electrically
evoked tritium over¯ow (which represents quasi-physiological

noradrenaline release; Schlicker et al., 1992), the most potent

compound being the ether FUB 335 with an apparent pA2 of
eight. Similar antagonist potencies of these compounds were

obtained in another two functional H3-receptor models, i.e.,
the H3 autoreceptor in rat brain cortex synaptosomes
(di�erence in potency estimates compared to the pA2 values

of the present study 40.5 log units) and the H3 hetero-
receptor in guinea-pig ileum segments (di�erence 40.6 log
units) (Sasse et al., 1999 and unpublished). One has to recall

that in our release model two electrical stimuli (S1 and S2)
were administered and one of the eight compounds was
present throughout the superfusion experiments, whereas the
agonist (histamine) was present during S2 only. To quantify

the e�ect of histamine, S2/S1 values were determined which
o�er the advantage that the variation of S1 does not impair
the result. On the other hand, comparison of S1 values (in the

absence and presence of antagonists) is not particularly suited
to quantify e�ects of the antagonists on noradrenaline
release. Nonetheless, our results showed that two ethers

Figure 5 Inhibition of the electrically evoked tritium over¯ow (from
superfused mouse brain cortex slices preincubated with [3H]-
noradrenaline) by histamine and two novel H3-receptor ligands in
the absence (a) or presence of clobenpropit (b). The medium
contained desipramine 1 mM, rauwolscine 1 mM and, when necessary,
clobenpropit throughout superfusion (378C, 110 min) and histamine
or the FUB compound from 62 min of superfusion onward. Tritium
over¯ow was evoked twice, after 40 and 90 min of superfusion (S1,
S2), and the ratio of the over¯ow evoked by S2 over that evoked by
S1 was determined (S2/S1). Results are given as per cent of the tritium
over¯ow (S2/S1) in controls and the inhibition of the evoked over¯ow
(in per cent of controls) was determined according to the following
formula: 1006(17S2/S1 {in the presence of the test compound}/S2/S1
{in the absence of the test compound}). Means+s.e.mean from 7 ± 8
experiments. *P50.05, **P50.001, refers to the comparison of the
S2/S1 value in the presence, to that obtained in the absence, of
histamine or the FUB compound.

Figure 4 E�ect of histamine on the electrically evoked tritium
over¯ow from superfused mouse brain cortex slices preincubated with
[3H]-noradrenaline and interaction of the novel H3-receptor ligand
FUB 335 with histamine. The medium contained desipramine 1 mM,
rauwolscine 1 mM and, when necessary, FUB 335 throughout
superfusion (378C, 110 min) and histamine from 62 min of super-
fusion onward. Tritium over¯ow was evoked twice, after 40 and
90 min of superfusion (S1, S2), and the ratio of the over¯ow evoked
by S2 over that evoked by S1 was determined. Results are given as
per cent of the tritium over¯ow (S2/S1) in controls (not shown).
Means+s.e.mean from 4 ± 5 experiments are shown (for some data
points, s.e.mean is contained within the symbol).
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(FUB 373 and FUB 407) decreased/tended to decrease

noradrenaline release, suggesting that these compounds are
partial H3-receptor agonists.
To study potential agonistic e�ects of FUB 373 and FUB

407 and of the other compounds more precisely, experiments
were performed in which the H3-receptor ligand under study
was added to the superfusion medium after S1 and its e�ect
on the S2/S1 value was determined. Unfortunately, whole

concentration ± response curves could not be obtained. The
reason may be that the s.e.mean values (up to 10% of the S2/
S1 values in the controls; see Figure 4) are relatively high

when compared to the maximum inhibitory e�ects of partial
agonists (since the maximum inhibitory e�ect is 50% for the
full agonist histamine, a partial agonist with an intrinsic

activity of 0.5 will be expected to inhibit noradrenaline
release by maximally 25%). In order to overcome this
problem, we studied that concentration of each compound

that exceeds the respective antagonist dissociation constant
(known from the interaction experiments with histamine) by
a factor of 100. This approach is based on two rules of
receptor theory, namely that the a�nity of partial agonists in

terms of agonism and antagonism should be identical and
that the maximum e�ect of an agonist is reached at a
concentration exceeding the EC50 value by a factor of about

10 to 100. Using this approach we found that FUB 373 and
FUB 407 inhibited noradrenaline release, whereas the other
FUB compounds failed to do so. Interaction experiments

with clobenpropit revealed that FUB 373 and FUB 407 are
true H3-receptor agonists and that these compounds are not
acting on some other way to stimulate noradrenaline release.

As a second functional H3-receptor model, stimulation of
[35S]-GTPgS binding was examined. Our experiments with the
H3-receptor agonist (R)-a-methylhistamine and the H3-
receptor antagonist clobenpropit demonstrate that H3-

receptor-mediated activation of [35S]-GTPgS binding, pre-
viously shown in brain membranes from the rat (Clark &
Hill, 1996; Laitinen & Jokinen, 1998) and the zebra®sh

(Peitsaro et al., 2000), is detectable in membranes from the
mouse brain cortex as well. Among the novel compounds,
only FUB 373 and FUB 407 showed a stimulatory e�ect.

Thus, the latter two compounds are partial agonists in both

functional H3-receptor models (although the intrinsic activ-
ities are somewhat di�erent in the two models). Moreover,
the agonistic potencies of both compounds in the [35S]-GTPgS
binding assay resembled their antagonistic potencies in the
release model.

The eight compounds were also studied in another three
functional H3-receptor models (Sasse et al., 1999 and

unpublished), i.e., at H3 receptors causing inhibition of (i)
the twitch response in guinea-pig ileum segments, (ii)
histamine release in rat brain cortex synaptosomes, and (iii)

formation of the histamine metabolite Nt-methylhistamine in
the mouse brain in vivo. Table 2 shows that none of the
compounds possessed intrinsic activity at the H3 receptor in

the guinea-pig ileum, whereas six of the eight compounds
showed an agonistic e�ect at the H3 receptor in vivo (note
that the situation for FUB 335 is unclear since this drug is

inactive in vivo at doses up to 30 mg kg71; unpublished). The
H3 receptor in rat brain synaptosomes resembles the H3

receptors examined in our study with respect to the intrinsic
activities; the reason for the lack of agonism of FUB 397 and

FUB 475 in our models might be that low intrinsic activities
(40.3) escaped detection. The marked discrepancies of
intrinsic activities in the ®ve models shown in Table 2 may

be explained by assuming that the degree of receptor coupling
is low for the H3 receptor in the guinea-pig ileum, moderate
for the three H3 receptors in rodent brain in vitro, and high

for the H3 receptor in the mouse brain in vivo. (Although the
latter explanation may be the most likely one, the possibility
that species di�erences (Lovenberg et al., 2000) or splice

variants (Tardivel-Lacombe et al., 2000; Drutel et al., 2001)
contribute to the discrepancies cannot be excluded.) Further
evidence for a marked di�erence in receptor coupling between
the H3 receptors in the guinea-pig small intestine and the

mouse brain in vitro comes from experiments with the higher
homologues of histamine (Leurs et al., 1996). Thus, the n-
propyl, n-butyl and n-pentyl homologues of histamine proved

to be partial agonists at the H3 receptor in the mouse brain
cortex, but pure antagonists at the H3 receptor in the guinea-
pig jejunum.

Table 2 Intrinsic activities of newly synthesized H3-receptor ligands in ®ve functional H3-receptor models and di�erences between their
pKi ([

3H]-Na-methylhistamine binding) and apparent pA2 values (H3 receptor causing inhibition of noradrenaline release)

Intrinsic activitiesa Differences
Mouse brain Mouse brain Rat brain cortex Mouse brain cortex between pKi

b and
cortex slices cortex membranes synaptosomes in vivo apparent pA2

c

Inhibition of Stimulation of Inhibition of Inhibition of
noradrenaline [35S]-GTPgS histamine formation of

Compound released bindingd releasee Nt-methylhistaminee

FUB 373 0.3 0.6 0.2 1.0 1.50
FUB 407 0.4 0.4 0.6 1.0 1.90
FUB 335 0 0 0 ± f 0.72
FUB 397 0 0 0.3 0.6 1.93
FUB 415 0 0 0 0 0.44
FUB 379 0 0 0 0.7 1.23
FUB 474 0 0 0 0.4 1.19
FUB 475 0 0 0.2 0.7 1.20

aThe intrinsic activities were 0 for all compounds in guinea-pig ileum segments in which the H3-receptor-mediated inhibition of the
electrically induced twitch response (due to acetylcholine release) was determined (Sasse et al. 1999 and unpublished). bInhibition of
[3H]-Na-methylhistamine binding (column 4 of Table 1). cE�ect on H3 receptor causing inhibition of noradrenaline release (column 7 of
Table 1). dFrom Table 1. eFrom Sasse et al. (1999) and unpublished. fCompound devoid of in vivo activity up to 30 mg kg71.
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The binding of the ligands to the H3 receptor has been
determined using [3H]-Na-methylhistamine. The Bmax and KD

values obtained in saturation binding studies in mouse cortex

membranes were very similar to those obtained in studies on
rat cortex membranes, which were used in our previous
studies (Schlicker et al., 1994; 1996; Leurs et al., 1996;
Kathmann et al., 1998). Like in the study of Schlicker et al.

(1994), the pKi values obtained from the binding experiments
with [3H]-Na-methylhistamine were statistically compared
with the apparent pA2 values from the superfusion experi-

ments. Although a signi®cant correlation was found for the
H3-receptor ligands examined by Schlicker et al. (1994), this
did not hold true for the ligands considered in the present

study, regardless of whether the pA2 values were compared
with the pKi values obtained for binding experiments in the
cerebral cortex from the rat (r=0.62) or the mouse (r=0.69).

Table 2 shows that the di�erence between pKi and pA2 is 0.4
for FUB 415, which is devoid of intrinsic activity at any H3

receptor; the small di�erence between both parameters may
be explained by the fact that pA2 values for antagonists are

frequently somewhat smaller than their pKi values (Schlicker
et al., 1994; 1996; Kathmann et al., 1998). The di�erence
between pKi and pA2 is between 1.2 and 1.9 for those six

compounds that are (partial) agonists at the H3 receptor in
the mouse brain in vivo, the H3-receptor model with the
highest receptor coupling. The relatively high pKi values of

the latter six compounds can be explained by the fact that,
with respect to G protein-coupled receptors, pKi values of
agonists are frequently particularly high when an agonist

radioligand is used. The explanation for this phenomenon is

that a ternary complex consisting of agonist radioligand,
receptor and G protein is formed; under this experimental
condition, the equilibrium dissociation constants are under-

estimated, i.e., relatively high a�nities are obtained (Kena-
kin, 1993). Thus, not only the functional models examined in
the present study but also the radioligand binding experi-
ments with [3H]-Na-methylhistamine suggest that some of the

ligands including FUB 373 and FUB 407 exhibit agonistic
e�ects at H3 receptors.
A comparison of the structures of FUB 335 and FUB 397

(which are devoid of an agonistic e�ect at the H3 receptor
causing noradrenaline release) and of FUB 373 and FUB 407
(which have a partial agonistic e�ect) reveals that already

slight structural changes cause the transition from pure
antagonism to partial agonism; steric e�ects rather than
changes in lipophilicity are important in this respect. The

results of the present and of some previous studies (Schlicker
et al., 1996; Watt et al., 1997; Sasse et al., 1999; 2000;
Lovenberg et al., 2000) show that a nitrogen (undergoing
protonation at physiological pH) in the side chain is not a

prerequisite for activation of the H3-receptor.
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