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Tritium-Labeled N1-[3-(1H-imidazol-4-yl)propyl]-N2-
propionylguanidine ([3H]UR-PI294), a High-Affinity
Histamine H3 and H4 Receptor Radioligand
Patrick Igel,[a] David Schnell,[b] G�nther Bernhardt,[a] Roland Seifert,[c] and Armin Buschauer*[a]

Introduction

The biogenic amine histamine mediates its various (patho)phy-
siological functions via four histamine receptor subtypes, all of
which belong to the superfamily of G-protein-coupled recep-
tors (GPCRs).[1, 2] The histamine H1 receptor (H1R) is involved, for
instance, in allergic reactions, whereas the histamine H2 recep-
tor (H2R) plays a crucial role in gastric acid secretion.[1] Antago-
nists for H1R and H2R are widely used drugs for the treatment
of allergic conditions and gastroesophageal reflux disease, re-
spectively.[1] The histamine H3 receptor (H3R), pharmacologically
characterized in 1983[3] and cloned in 1999,[4] is mainly found
in the central nervous system where it plays an important role
as a presynaptic receptor modulating the release of histamine
and other neurotransmitters.[1] Antagonists of H3R are not yet
used clinically but are under evaluation for the therapy of nar-
colepsy, attention-deficit hyperactivity disorder, Alzheimer’s dis-
ease, and obesity.[5] The histamine H4 receptor (H4R) was identi-
fied and cloned in 2000 and 2001 by several independent re-
searchers revealing high sequence homology with the H3R.[2] It
is mainly expressed on immune cells such as mast cells, eosi-
nophils, dendritic cells, monocytes, and T lymphocytes.[6] This
expression pattern and current in vitro and in vivo studies sug-
gest that the H4R plays a crucial role in inflammatory and im-
munological processes.[6] H4R antagonists are promising drug
candidates for the treatment of bronchial asthma, allergic rhini-
tis, rheumatoid arthritis, and pruritus.[7, 8]

To further investigate the biological role of the human (h)
H3R, and in particular that of hH4R, selective agonists and an-
tagonists as well as special ligands including radioligands are
required as pharmacological tools. Very recently, we found NG-
alkanoylimidazolylpropylguanidines to be high-affinity hH3R
antagonists/partial agonists and highly potent full hH4R ago-
nists,[9] which are among the most potent hH4R agonists de-
scribed to date. For example, UR-PI294 (1), bearing an NG-pro-
pionyl group (Figure 1), possesses more than 1000- and 100-
fold selectivity for hH3R and hH4R relative to hH1R and hH2R,
respectively.

The propionyl group in UR-PI294 is of special interest, as it
offers the possibility to introduce a commercially available triti-

ated propionyl residue. The resulting radioligand, [3H]UR-PI294
(10), may be a valuable pharmacological tool for the labeling
of hH3R and in particular of hH4R. With respect to hH3R, the
low efficacy of UR-PI294 at this histamine receptor subtype
may be of interest because partial agonistic radioligands with
low intrinsic activities have been shown to behave as antago-
nists.[10–12] Therefore, [3H]UR-PI294 may complement the com-
mercially available and preferably used full hH3R agonists
[3H](R)-a-methylhistamine[13] and [3H]Na-methylhistamine[14, 15] in
pharmacological studies at hH3R. Concerning hH4R, only three
radioligands have been reported: [3H]histamine,[16–19]

[3H]JNJ 7777120,[16, 20] and [125I]iodophenpropit (shown).[16] The
often low specific activity (10–25 Ci mmol�1)[16, 18, 20–23] of the
commercially available H4R radioligand [3H]histamine brings
about low sensitivity and requires high concentrations of
either the radioligand or the receptor protein. The use of iodi-
nated compounds is compromised by potential chemical insta-
bility,[24] the half-life of 125I-labeled ligands (59.4 days) being
shorter than that of 3H-labeled ligands (12.4 years), and the

This study reports the synthesis and pharmacological charac-
terization of tritium-labeled N1-[3-(1H-imidazol-4-yl)propyl]-N2-
propionylguanidine ([3H]UR-PI294), a novel and readily accessi-
ble radioligand for the human histamine H3 receptor (hH3R)

and H4 receptor (hH4R). The radioligand displays high affinity
for both histamine receptor subtypes (KD (hH3R) = 1.1 nm, KD

(hH4R) = 5.1 nm) and is shown to be a valuable pharmacologi-
cal tool for the determination of hH3R and hH4R affinities.

Figure 1. The acylguanidine UR-PI294: structure and pharmacological profile
at the four histamine receptors determined in steady-state GTPase assays
using membrane preparations of Sf9 cells expressing the respective human
histamine receptor.[9] Agonistic activity expressed as EC50 ; Emax = efficacy rela-
tive to histamine = 1.00.
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need for special safety precautions (shielding) during prepara-
tion and handling. Therefore, tritium-labeled UR-PI294 is con-
sidered a valuable radioligand, in particular for hH4R. Herein
we present the synthesis and pharmacological characterization
of [3H]UR-PI294, a new high-affinity hH3R and hH4R radioligand.

Results and Discussion

Chemistry

The radioligand 10 ([3H]UR-PI294) was prepared as depicted in
Scheme 1. Acylation of Boc-guanidine 7[9] with tritiated pro-
pionic acid was achieved by employing the commercially avail-

able reactive succinimidyl ester (8). Intermediate 9 was not iso-
lated and directly deprotected under acidic conditions. After
purification by HPLC, the designated radioligand 10 ([3H]UR-
PI294) was obtained in high radiochemical purity (97.8 %) with
a specific activity of 41.8 Ci mmol�1. The identity of the radioli-
gand was confirmed by HPLC analysis of labeled (10) and unla-
beled (1) UR-PI294, which have identical retention times
(Figure 2).

Saturation binding analysis of [3H]UR-PI294 at hH3R and
hH4R

The specific binding of [3H]UR-PI294 to membranes of Sf9
insect cells co-expressing hH3R plus Gia2 plus Gb1g2 plus RGS4
(regulator of G-protein signaling 4) was saturable (Figure 3 A).
Up to a radioligand concentration of 5 nm, nonspecific binding
determined in the presence of thioperamide (10 mm) was low,
amounting to 5–10 % of total binding. Specific binding versus

[3H]UR-PI294 concentrations was best fitted by nonlinear re-
gression to a one-site binding model (Figure 3 A). The deter-
mined KD value of 1.1 nm (Table 1) is consistent with the EC50

value determined in functional GTPase assays (EC50 = 1.6 nm,
Figure 1) confirming that [3H]UR-PI294 acts as a high-affinity ra-
dioligand at hH3R. The estimated Bmax value was 1.4 pmol per
mg membrane protein. Within the investigated concentration
range, the Scatchard plot was linear which is in agreement
with the binding of [3H]UR-PI294 to a single binding site (Fig-
ure 3 B).

Binding of [3H]UR-PI294 to hH4R was determined in Sf9
insect cell membranes co-expressing hH4R–RGS19 fusion pro-
tein plus Gia2 plus Gb1g2. Nonspecific binding was determined in
the presence of an excess of thioperamide (10 mm). Similar to
its binding to hH3R, [3H]UR-PI294 bound specifically to hH4R
(Figure 3 C) in a saturable manner. Specific binding versus the
concentration of [3H]UR-PI294 was best described by a one-site
model and afforded a KD value of 5.1 nm (Table 1). This fits very
well to the potency determined in the functional GTPase assay
(EC50 = 3.0 nm, Figure 1). The calculated Bmax value of 2.0 pmol
mg�1 membrane protein reveals similar expression levels of
hH3R and hH4R in the Sf9 insect cell membranes. The corre-
sponding Scatchard plot of the ratio of bound/free versus
bound [3H]UR-PI294 revealed a straight line indicating that the
radioligand binds to a single binding site (Figure 3 D).

Analysis of the association and dissociation kinetics of
[3H]UR-PI294 at hH3R and hH4R

Association and dissociation experiments were carried out with
Sf9 insect cell membranes expressing hH3R at a [3H]UR-PI294
concentration of 2 nm at 22 8C. As already observed for other
hH3R radioligands,[25, 26] the association and dissociation kinetics

Scheme 1. Synthesis of the radioligand [3H]UR-PI294 (10). Reagents and con-
ditions: a) NEt3, CHCl3, 16 h, RT; b) TFA 23 %, CHCl3, 5 h, RT.

Figure 2. Identity and purity control of [3H]UR-PI294 (10). A) Radiochromato-
gram of the prepared radioligand [3H]UR-PI294 (10), conc. : 0.8 mm. B) UV
(l = 210 nm) chromatogram of unlabeled UR-PI294 (1), conc. : 100 mm. Condi-
tions: injection volume: 100 mL, gradient: 0.05 % TFA in MeCN (v/v)/0.05 %
TFA in H2O (v/v): 0 min: 5:95, 13 min: 11.5:88.5, 25 min: 95:5, 40 min: 95:5),
flow: 0.8 mL min�1. The minor difference in tR (13.68 versus 13.93 min) results
from the setup of the UV and radiodetector in series.
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of [3H]UR-PI294 at hH3R were very rapid (Figure 4 A). The spe-
cific binding of [3H]UR-PI294 achieved equilibrium after approx-
imately 10 min corresponding to an association half-life (t1/2) of
1.4 min. Displacement of [3H]UR-PI294 by thioperamide (10 mm)
was complete within 20 min, indicating that [3H]UR-PI294
binds reversibly to the receptor (t1/2 = 3.2 min). The resulting
association rate constant (kon) was 0.14 min�1 nm

�1, and the dis-
sociation rate constant (koff) was 0.21 min�1. The KD value calcu-
lated from the ratio of the koff and kon values (1.5 nm) is in very
good agreement with the KD value determined from the satu-
ration binding isotherms (Table 2).

Owing to the lower affinity of [3H]UR-PI294 for hH4R, a con-
centration of 10 nm was employed for recording the associa-
tion and dissociation rates of the radioligand at Sf9 insect cell
membranes expressing hH4R–RGS19 fusion protein (22 8C). Rel-
ative to hH3R, [3H]UR-PI294 showed remarkably slower associa-
tion and dissociation kinetics at hH4R (Figure 4 C, D). The specif-
ic binding of [3H]UR-PI294 reached equilibrium within 60 min.
Association kinetics of [3H]UR-PI294 was almost tenfold slower

than hH3R (t1/2 = 11.4 min). Like-
wise, the dissociation of [3H]UR-
PI294 from hH4R, initiated by
thioperamide (10 mm), was slow
and had not terminated after
1 h. The resulting kon for [3H]UR-
PI294 was 0.0027 min�1 nm

�1

and the koff 0.033 min�1 yielding
a KD value of 12 nm, which is
consistent with the KD value
from the saturation binding
studies (Table 2). The rather
slow association rate of the ra-
dioligand at hH4R required an
incubation period of at least
60 min for saturation and com-
petition experiments to ensure
measurements at equilibrium.

Competition binding experi-
ments of [3H]UR-PI294 with
reference ligands at hH3R and
hH4R

A number of standard ligands
for hH3R and hH4R were evalu-
ated for their ability to inhibit
specific binding of [3H]UR-PI294
to Sf9 insect cell membranes ex-

pressing hH3R or hH4R–RGS19 fusion protein. The resulting KI

values were determined and compared with affinities reported
from competition binding experiments using other radioli-
gands for hH3R and hH4R. All obtained competition curves
were monophasic and best described by a one-site competi-
tion model.

[3H]UR-PI294 was displaced from hH3R by the H3R agonists
histamine and (R)-a-methylhistamine as well as by the H3R an-
tagonists (inverse agonists) thioperamide and clobenpropit
(Figure 5 A). All resulting KI values were in good agreement
with reported KI values determined with established H3R radio-
ligands (Table 3).

The H4R ligands histamine, thioperamide, clobenpropit, and
JNJ 7777120 inhibited specific binding of [3H]UR-PI294 to hH4R
in a concentration-dependent manner (Figure 5 B). As for hH3R,
the determined KI values for hH4R binding were in good agree-
ment with KI values from literature (Table 3).

Summary and Conclusions

Binding of [3H]UR-PI294 to Sf9 insect cell membranes express-
ing hH3R or hH4R–RGS19 fusion protein was saturable and
highly specific. [3H]UR-PI294 showed high affinities for both re-
ceptors. However, affinity for hH3R was five times higher rela-
tive to hH4R (KD = 1.1 nm for hH3R, KD = 5.1 nm for hH4R). The
saturation binding curves were best described by a one-site
model and the Scatchard plots appeared to be linear, suggest-
ing that [3H]UR-PI294 binds to a single binding site at mem-

Figure 3. Representative [3H]UR-PI294 saturation binding experiments in Sf9 insect cell membranes expressing
A) and B) hH3R plus Gia2 plus Gb1g2 plus RGS4, or C) and D) hH4R–RGS19 fusion protein plus Gia2 plus Gb1g2 per-
formed in duplicate. Membranes were incubated with increasing concentrations of [3H]UR-PI294 as described in
the pharmacological methods section. Nonspecific binding was determined in the presence of 10 mmol L�1 thio-
peramide. Specific binding is the difference between the total and nonspecific binding of [3H]UR-PI294 at a given
concentration. In panels A) and C) data were best fitted by nonlinear regression to a one-site model. Panels B)
and D) show corresponding Scatchard plots of saturation binding data, best fitted by linear regression.

Table 1. Saturation binding parameters of [3H]UR-PI294 at hH3R and
hH4R.[a]

KD [nm] Bmax [pmol (mg protein)�1]

hH3R 1.1�0.2 1.4�0.3
hH4R 5.1�1.9 2.0�0.1

[a] Data are the means of five independent experiments, each performed
in duplicate.

ChemMedChem 2009, 4, 225 – 231 � 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemmedchem.org 227

Histamine Receptor Radioligand

www.chemmedchem.org


branes expressing hH3R and hH4R. Kinetics experiments
showed a rapid association and dissociation of the radioligand
from hH3R, whereas these processes were about ten times
slower for hH4R. The resulting dissociation constants were in
good agreement with the KD values obtained from the satura-
tion binding studies for both histamine receptor subtypes.
Binding constants determined for H3R and H4R reference li-
gands were consistent with data reported in the literature,
confirming [3H]UR-PI294 to be a suitable radioligand for the
determination of the affinities of unlabeled H3R and H4R li-
gands.

As there is a lack of selectivity between hH3R and hH4R, the
radioligand is primarily valuable for application in recombinant

systems expressing only one his-
tamine receptor subtype. How-
ever, in most immune cells such
as mast cells or eosinophils
where H4R is mainly located,
H3Rs are not expressed.[6, 37, 38]

Therefore, because of the more
than 100-fold selectivity over
the hH1R and hH2R subtypes,
[3H]UR-PI294 may also be appli-
cable for labeling hH4R in these
native cells devoid of hH3Rs.

Taken together, [3H]UR-PI294
is a new, highly potent acylgua-
nidine-type radioligand for both
hH3R and hH4R. The facile prepa-
ration and rather low costs aris-
ing from the employment of
commercially available tritiated
succinimidyl propionate makes
[3H]UR-PI294 readily accessible
under common laboratory con-
ditions. The low efficacy of
[3H]UR-PI294 at hH3R may result
in similar affinities for both the
high-affinity and low-affinity
binding site of the receptor.
Such radioligands are required
for studying constitutive activity
of GPCRs.[39] Therefore, [3H]UR-
PI294 may be a promising tool
for investigating constitutive ac-
tivity of hH3R. The high specific
activity of [3H]UR-PI294
(41.8 Ci mmol�1) relative to com-
monly available [3H]histamine
combined with high affinity and
low nonspecific binding at hH4R
shows that this radioligand in
particular is a promising phar-
macological probe for hH4R, a
promising new target for the
development of, for instance,
anti-inflammatory drugs.[6]

Experimental Section

Synthesis

General: Commercial reagents and chemicals were purchased
from Acros Organics (Geel, Belgium), Merck KGaA (Darmstadt, Ger-
many), and Sigma–Aldrich Chemie GmbH (Munich, Germany), and
used without further purification. Succinimidyl [2,3-3H2]propionate
solution in ethyl acetate (60 Ci mmol�1, 5 mCi mL�1) was from Bio-
trend, American Radiolabeled Chemicals, Inc. (St. Louis, MO, USA).
All solvents were of analytical grade or distilled prior to use. Scintil-
lation cocktail was from Carl Roth GmbH (Rotiszint eco plus, Karls-
ruhe, Germany). Analytical HPLC was performed on a system from

Figure 4. Specific binding kinetics of [3H]UR-PI294 to Sf9 insect cell membranes expressing A) and B) hH3R plus
Gia2 plus Gb1g2 plus RGS4, or C) and D) hH4R–RGS19 fusion protein plus Gia2 plus Gb1g2 were measured as described
in the pharmacological methods section. Panels A) and C) show association kinetics for 2 and 10 nm [3H]UR-PI294,
respectively. Nonspecific binding was determined for each time point in the presence of thioperamide (10 mm).
Specific binding is the difference between the total [3H]UR-PI294 and nonspecific [3H]UR-PI294 binding for a given
time point. Data were best fitted by nonlinear regression to a one-phase exponential association model. Panels B)
and D) show dissociation kinetics for 2 and 10 nm [3H]UR-PI294, respectively. Displacement of [3H]UR-PI294 was in-
duced by thioperamide (10 mm). Nonspecific binding was determined by incubation of [3H]UR-PI294 for 60 min
with the respective membrane in the presence of thioperamide (10 mm). Specific binding is the difference be-
tween the total and nonspecific [3H]UR-PI294 binding. Data were best fitted by nonlinear regression to a one-
phase exponential decay model. All experiments were performed in duplicate at 22 8C.

Table 2. Parameters of the kinetics analysis of [3H]UR-PI294 binding in Sf9 insect cell membranes.[a]

kobs [min�1][b] t1/2 [min]
(association)

kon [min�1 nm
�1] koff [min�1] t1/2 [min]

(dissociation)
KD [nm]ACHTUNGTRENNUNG(kinetic)

KD [nm]
(saturation)[c]

hH3R 0.50 1.4 0.14 0.21 3.2 1.5 1.1
hH4R 0.06 11.5 0.0027 0.033 20.7 12 5.1

[a] Expressing hH3R plus Gia2 plus Gb1g2 plus RGS4 or hH4R–RGS19 fusion protein plus Gia2 plus Gb1g2. [b] Ob-
served rate constant. [c] The dissociation constants taken from Table 1 determined in saturation binding experi-
ments are listed for comparison.
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Waters (Waters GmbH, Eschborn, Germany) equipped with a
Waters pump control module, Waters 510 HPLC pump, a Waters
486 UV/VIS detector, and a Packard radiomatic Flo-one beta series
A-500 radiodetector. Stationary phase was an Agilent Scalar C18

(250 � 4.6 mm, 5 mm) column. The flow rate was 0.8 mL min�1. Gra-
dients of MeCN/TFA 0.05 % (v/v) and H2O/TFA 0.05 % (v/v) were
used as mobile phase. The absorbance was detected at 210 nm or
a radiodetector was used to measure the radioactivity by liquid
scintillation counting. Radiochemical purity of [3H]UR-PI294 was
calculated as the percentage peak area from the radiochromato-
gram.

Preparation of N1-[3-(1H-imidazol-4-yl)propyl]-N2-[2,3-3H2]pro-
pionylguanidine ([3H]UR-PI294, 10): A solution of succinimidyl
[2,3-3H2]propionate in ethyl acetate (600 mL, 50 nmol, 1 eq, 8.76 mg,
3 mCi) was added to a solution of 7[9] (2.0 mmol, 1.02 mg, 40 eq)
and NEt3 (4.0 mmol, 0.405 mg, 80 eq) in CHCl3 (300 mL). The solvent
was removed by a rotary evaporator and the residue taken up in
CHCl3 (100 mL). After the mixture was stirred for 16 h at RT, TFA
(30 mL) was added and stirring was continued for an additional 5 h.
The solvent was removed under reduced pressure and the residue
taken up in 500 mL of a mixture of MeCN/H2O/TFA 5:94.9:0.1 (v/v/
v). Insoluble material was removed by centrifugation for 10 min at
13 000 rpm (15 100 g) and aliquots (5 � 100 mL) of the supernatant

were purified by HPLC. The fractions containing the ra-
dioligand were collected at approximately 14 min (gra-
dient: 0.05 % TFA in MeCN/0.05 % TFA in H2O: 0 min:
5:95 (v/v), 13 min: 11.5:88.5 (v/v), 25 min: 95:5 (v/v),
40 min: 95:5 (v/v)). The solvent of the combined frac-
tions was evaporated and the residue was taken up in
450 mL of a mixture of EtOH/H2O 1:1 (v/v). The concen-
tration of the radioligand in this stock solution was de-
termined after recording a calibration curve with the
unlabeled ligand UR-PI294 (HPLC, l= 210 nm) from the
peak area (11.89 mm, 5.35 nmol, yield: 10.7 %). The total
activity of [3H]UR-PI294 was determined by dilution of
1.5 mL of the stock solution with 448.5 mL MeCN/TFA
(aq) 0.1 % 5:95 (v/v) and counting 9 mL of this dilution
(three times in duplicate) in 3 mL scintillation cocktail
(total activity in 450 mL stock solution: 223.6 mCi). This
results in a specific activity for [3H]UR-PI294 of
41.8 Ci mmol�1. The activity concentration of the stock
solution was adjusted to 250 mCi mL�1 with a mixture of
EtOH/H2O 1:1 (v/v) (5.98 mm). HPLC analysis showed a
radiochemical purity of 97.8 %. The identity of the radio-

ligand was confirmed by HPLC
analysis of the labeled and unla-
beled UR-PI294 under the same
conditions resulting in nearly iden-
tical retention times (Figure 2).

Pharmacological methods

General: Histamine dihydrochlor-
ide was purchased from Alfa Aesar
GmbH & Co. KG (Karlsruhe, Germa-
ny). Thioperamide maleate, (R)-a-
methylhistamine dihydrobromide,
and clobenpropit dihydrobromide
were from Tocris Bioscience (Ellis-
ville, MO, USA). The H4R antago-
nist JNJ 7777120 was a gift from
Dr. R. Thurmond (Department of

Immunology, Johnson & Johnson Pharmaceutical R&D, San Diego,
CA, USA). GF/C filters were from Whatman (Maidstone, UK). Radio-
activity was determined by liquid scintillation counting in a Beck-
man LS-6500 device.

Data analysis and pharmacological parameters: All data were
presented as mean �SEM. IC50 values were converted into KI

values using the Cheng–Prussoff equation.[40] KD values from satura-
tion binding experiments were analyzed by nonlinear regression
and best fit to one-site binding (hyperbola) isotherms. KI values
were analyzed by nonlinear regression and best fit to one-site
(monophasic) competition curves. Observed rate constants (kobs)
were analyzed by nonlinear regression and best fit to one-phase
exponential association curves. Dissociation constants (koff) were
analyzed by nonlinear regression and best fit to one-phase expo-
nential decay curves. (GraphPad Prism 4.02 software, San Diego,
CA, USA). kobs is the observed association rate constant. Association
rate constants (kon) were calculated according to following equa-
tion: kon = (kobs�koff)/[radioligand].[41] Dissociation constants (KD)
from the kinetics experiments were calculated according to follow-
ing equation: KD = koff/kon.[41]

[3H]UR-PI294 binding assay: Radioligand binding experiments
were performed with a similar procedure to that described for the
H1R and H2R by Seifert et al.[42] and Kelley et al.[43] For [3H]UR-PI294

Figure 5. Competition of [3H]UR-PI294 binding by reference H3R and H4R ligands in Sf9
insect cell membranes expressing A) hH3R plus Gia2 plus Gb1g2 plus RGS4, or B) hH4R–
RGS19 fusion protein plus Gia2 plus Gb1g2. [3H]UR-PI294 concentrations were 2 nm for
membranes expressing hH3R and 5 nm for membranes expressing hH4R. Data were ana-
lyzed by nonlinear regression and best fitted to one-site (monophasic) competition
curves. Data points shown are the mean of three independent experiments, each per-
formed in duplicate. (HIS: histamine; THIO: thioperamide; CLO: clobenpropit; RAMH: (R)-
a-methylhistamine; JNJ: JNJ 7777120).

Table 3. KI values of reference H3R and H4R ligands from competition binding experiments using [3H]UR-PI294
in Sf9 insect cell membranes.[a]

Compd hH3R hH4R
KI [nm]

[3H]UR-PI294[b] Reported[c] [3H]UR-PI294[b] Reported[d]

Histamine 11�3.0 2.8–15 15�2.0 8.1–17
(R)-a-Methylhistamine 4.5�1.1 0.56–6.3 – –

Thioperamide 38�2.0 25–76 45�1.9 27–210
Clobenpropit 0.46�0.02 0.34–3.8 18�2.2 7.2–13
JNJ 7777120 – – 30�3.8 4.0–32

[a] Expressing hH3R plus Gia2 plus Gb1g2 plus RGS4 or hH4R–RGS19 fusion protein plus Gia2 plus Gb1g2 relative to
KI values reported in literature. [b] Mean KI values determined in three independent experiments, each per-
formed in duplicate. [c] Reference [16, 27–32] . [d] Reference [16, 21, 23, 30, 33–36].
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binding experiments Sf9 insect cell membranes co-expressing
hH3R, mammalian Gia2, Gb1g2, and RGS4 or hH4R–GAIP fusion pro-
tein, mammalian Gia2, and Gb1g2 were employed. The respective
membranes were thawed and sedimented by 10 min centrifuga-
tion at 4 8C and 13 000 g. Membranes were resuspended in binding
buffer (12.5 mm MgCl2, 1 mm EDTA, and 75 mm Tris-HCl, pH 7.4).
Each tube (total volume 250 mL) contained 25–50 mg (hH3R) or
50 mg (hH4R) of membrane protein. Saturation binding experiments
were performed in a concentration range of 0.125–20 nm (hH3R)
and 0.5–50 nm (hH4R) of [3H]UR-PI294. Nonspecific binding was de-
termined in the presence of 10 mm thioperamide. Competition
binding experiments were performed with 2 nm [3H]UR-PI294
(hH3R) or 5 nm [3H]UR-PI294 (hH4R) and increasing concentrations
of unlabeled ligands. Incubations were conducted for 60 min
(hH3R) or 60–90 min (hH4R) at 22 8C and shaking at 250 rpm. Bound
radioligand was separated from free radioligand by filtration
through 0.3 % polyethyleneimine-pretreated GF/C filters followed
by three washes with 2 mL of cold binding buffer (4 8C) using a
Brandel Harvester. Pretreating the filter with polyethyleneimine re-
duced filter binding of [3H]UR-PI294 to 0.14 %. Filter-bound radio-
activity was determined, after an equilibration phase of at least
12 h, by liquid scintillation counting.

[3H]UR-PI294 kinetics studies: For the kinetics experiments the
membranes were prepared as described for the [3H]UR-PI294 bind-
ing assays. Tubes containing [3H]UR-PI294 at a concentration of
2 nm (hH3R) or 10 nm (hH4R) and the respective hH3R or hH4R
membrane at a concentration of 200 mg mL�1 (hH3R and hH4R) in
binding buffer (12.5 mm MgCl2, 1 mm EDTA, and 75 mm Tris-HCl,
pH 7.4) were employed. The reaction mixtures were agitated with
a magnetic stir bar and incubated at ambient temperature (22 8C).
Association kinetics experiments were started by the addition of
membrane suspension to the tube. At each time point 250 mL ali-
quots (50 mg membrane protein) were withdrawn from the tube.
Nonspecific binding was determined for each time point in the
presence of thioperamide (10 mm). Bound [3H]UR-PI294 was sepa-
rated from free [3H]UR-PI294 by filtration through GF/C filters (pre-
treated with 0.3 % polyethyleneimine solution) using a Millipore
1225 vacuum sampling manifold followed by three washes with
2 mL binding buffer (4 8C). Filter-bound radioactivity was deter-
mined after an equilibration phase of at least 12 h by liquid scintil-
lation counting. For the dissociation kinetics, the tubes containing
[3H]UR-PI294 and the respective membrane were incubated for
60 min (hH3R) or 90 min (hH4R), respectively before starting dissoci-
ation by addition of thioperamide (10 mm final concentration). Simi-
lar to the procedure for determining the association kinetics, a
250 mL aliquot was removed for each time point. Nonspecific bind-
ing was determined by incubation [3H]UR-PI294 for 60 min in the
presence of thioperamide (10 mm). Bound [3H]UR-PI294 was mea-
sured as described for the association kinetics experiment.
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