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Characterization of the binding of the first selective
radiolabelled histamine H3-receptor antagonist,
[1251]-iodophenpropit, to- rat brain
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1 The binding of the first selective radiolabelled histamine H3-receptor antagonist ['25I]-iodophenpropit
to rat cerebral cortex membranes was characterized.
2 ['251I]-iodophenpropit, radiolabelled to a high specific activity of 1900 Ci mmol-', saturably bound to
a single class of sites with a KD of 0.57 ± 0.16 nM (n = 4) and Bmax of 268 ± 119 fmol mg-' protein.
3 Specific binding at a concentration below nM represented 50 to 60% of total binding.
4 Binding of ['251I]-iodophenpropit to rat cerebral cortex membranes was readily displaced by histamine
H3-agonists and antagonists. In contrast, the inhibitory potencies of selective histamine H,- and
H2-receptor ligands were very low.
5 ['25]-iodophenpropit was biphasically displaced by the histamine H3-receptor antagonists, burimamide
and dimaprit, which may indicate the existence of histamine H3-receptor subtypes. Other histamine
H3-receptor antagonists showed a monophasic displacement.
6 Competition binding curves of H3-agonists were biphasic and showed a rightward shift upon the
addition of the nonhydrolysable GTP analogue, guanosine 5'-o-(3-thio) triphosphate (GTPTyS; 100 pLM)
which implicates the interaction of histamine H3-receptors with G-proteins. The affinities of the
H3-receptor antagonists iodophenpropit, thioperamide and burimamide were not altered by GTPyS.
7 Histamine competition binding curves were shifted to the right by different nucleotides (100 tiM) with
a rank order of potency GTPyS>Gpp(NH)p, GTP.
8 In vitro autoradiographic studies revealed a heterogeneous distribution of ['251]-iodophenpropit
binding sites in rat brain, with highest densities observed in specific cerebral cortical areas and layers,
the caudate-putamen complex, the olfactory tubercles, the hippocampal formation, the amygdala
complex, the hypothalamic area and the mammillary bodies.
9 It is concluded that the histamine H3-receptor antagonist, ['251I]-iodophenpropit, meets the criteria for
a suitable radioligand for histamine H3-receptor binding studies in rat brain.
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membranes; high affinity; guanine nucleotide shift; G-protein; autoradiography; distribution, histamine H3-receptor
subtypes

Introduction

The histamine H3-receptor has been characterized as an
autoreceptor inhibiting neuronal histamine release in the
CNS, and as a heteroreceptor inhibiting the release of
various neurotransmitters both in CNS and PNS (Leurs &
Timmerman, 1992). Previously, in receptor binding
experiments the agonists [3H]-histamine, [3H]-(R)x-
methylhistamine and [3H]-N-methylhistamine were used to
study the molecular pharmacology and distribution of his-
tamine H3-receptors. These studies suggested the interaction
of histamine H3-receptors with G-proteins. Moreover, from
these experiments the presence of subtypes has been sug-
gested (West et al., 1990b). However, the binding profile of
the radiolabelled agonists seems to be rather complex.
Therefore, the development of radiolabelled histamine H3-
receptor antagonists is of utmost importance. Recently, a
new class of highly potent histamine H3-receptor antagonists
has been described (Van der Goot et al., 1992). Its most
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potent member is clobenpropit (VUF9153) showing a pA2-
value of 9.9 as determined on the electrically contracted
guinea-pig intestine. The series allowed the development of
the first radiolabelled histamine H3 receptor antagonist, ['25I]-
iodophenpropit (Figure 1; Menge et al., 1992). Preliminary
results indicated that ['251]-iodophenpropit is a promising tool
for histamine H3-receptor binding experiments (Jansen et al.,
1992). The present paper describes the full characterization of
['251]-iodophenpropit as a radioligand for studying histamine
H3-receptors.

Methods

Preparation of rat cerebral cortex membranes

Male Wistar rats (200-250 g, Harlan C.P.B., Zeist, The
Netherlands) were killed by decapitation and the brains were
rapidly removed. The cerebral cortices were dissected and
homogenized in 15 volumes (v/w) of ice-cold Tris-HCl buffer
(50 mM Tris-HCI; 5 mM MgCl2, 145 mM NaCl; pH 7.4 at
4°C) using an Ultra-Turrax homogenizer (8 s) and a glass-
teflon homogenizer (four up and down strokes) subsequently.
All subsequent steps preceding incubation were performed at
a temperature of 0 to 4°C. The homogenate was centrifuged
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Figure 1 Structure of ['251]-iodophenpropit.

at 800 g for Omin. The pellet was discarded and the super-
natant was centrifuged for 20 min at 40,000 g. The resulting
pellet was resuspended and the last centrifugation step was
repeated. The pellet was resuspended in 1.5 volumes (v/w)
Tris-HCI buffer and stored at - 80C. Before each receptor
binding experiment the membranes were resuspended in Tris-
HCI buffer and were centrifuged for 20 min at 40,000 g.

Finally, the pellet was resuspended in 7 volumes (v/w) of
incubation buffer (50 mM Tris-HCI containing 5 mM MgCl2,
145 mM NaCl; pH 7.4 at 37C. In some experiments NaCl
was omitted).

Receptor binding experiments

Binding experiments were performed at 37°C in the Tris-HCl
incubation buffer (pH 7.4) with a total incubation volume of
0.5 ml, using polyethylene tubes. Determinations were per-
formed in triplicate. Drugs (except for thioperamide, see
drugs and chemicals) were prepared in incubation buffer. Rat
cerebral cortex membranes were incubated for 60 min to
reach equilibrium (Jansen et al., 1992). In saturation
experiments membranes were incubated with [1251]
iodophenpropit in final concentrations ranging from 0.025 to
3 nM. In competition binding experiments a concentration of
0.25 nM ['25I]-iodophenpropit was used. Specific binding was
defined as the difference between total binding and binding in
the presence of 0.3 JiM thioperamide and represented 50 to
60% of total binding. ['25I]-iodophenpropit was displaced to
the same level by all of the histamine H3-receptor ligands
tested. Moreover, at this level ['25I]-iodophenpropit binding
was not further displaced upon the addition of 0.1 JLM
thioperamide.

Incubations were started by the addition of 100 glI mem-
branes (20-60 pg of protein per tube) and were terminated
after 60 min by adding 2 ml of ice-cold Tris-HCl buffer
(pH 7.4 at 4'C) immediately followed by filtration through
Whatman GF/C filters using a Brandel filtration apparatus.
Filters were pretreated (for 2 h) with 0.3% polyethylene-
imine, reducing filter binding to less than 1% of the total
radioactivity added. After filtration of the membranes the
filters were washed twice with 2 ml of ice-cold Tris-HCI
buffer. The amount of radioactivity bound to the membranes
was not reduced by repetition of the washing procedure up to
five times. The radioactivity bound to the filters was

measured by an LKB gamma counter.

Data analysis

Saturation and competition binding experiments were
evaluated using the non-linear curve fitting programme
LIGAND (Munson & Rodbard, 1980) on a Macintosh com-

puter. With the aid of this programme binding curves were

fitted (unweighed) to a one and a two site model respectively,
and statistically tested on the increasing goodness of the fit
for a model with additional parameters, based on the 'extra
sum of squares' principle (Draper & Smith, 1966) using a

probability level of 5%.

Protein assays

Protein concentrations were determined with the Bio-Rad
Protein Assay (Bradford, 1976). Bovine serum albumin
(BSA) was used as a standard.

Receptor autoradiography

Male Wistar rats (200-250 g, Harlan C.P.B., Zeist, The
Netherlands) were killed by decapitation and the brains were
removed. Brains were frozen in liquid CO2. Cryostat sections
(14 pm) were mounted on gelatine/chromalum-coated glass
slides and stored at - 80'C before use. The brain sections
were incubated with 0.3 nM ['251I]-iodophenpropit for 60 min
at 37°C in 50 mM Tris-HCI buffer containing 145 mM NaCl,
5 mM MgCI2 and 0.25% BSA (pH 7.4 at 37TC). Nonspecific
binding was determined by incubation of adjacent sections in
the presence of 0.3 tLM thioperamide. To stop the incubation
the slices were washed twice for 15 min in ice-cold Tris-HCl
buffer (50 mM Tris-HCI; 5 mM MgCl2, 145 mM NaCl; pH 7.4
at 40C) and 15 s in ice-cold distilled water. Sections were
dried by a stream of cold air and were exposed to Hyperfilm,
(Amersham International, U.K.) for 20 h.

Drugs and chemicals

['251I]-iodophenpropit was labelled to a specific activity of
1900 Cimmol ' as described by Menge et al. (1992). The
radiolabelled compound was stored at 4°C in a 1 mM H2SO4
solution in ethanol. H2SO4 did not affect the pH of the
Tris-HCI buffer at the final concentrations of the radioligand
used. High performance liquid chromatography (h.p.l.c.)
analysis two months after preparation revealed that the
radioactivity was almost quantitatively present in one peak
with a retention time corresponding to the radioligand.
The following drugs and chemicals were used:

thioperamide (Schering Corporation), iodophenpropit dihyd-
robromide (laboratory stock), clobenpropit dihydrobromide
(VUF9153, laboratory stock), impromidine trihydrochloride
(SK&F Laboratories), burimamide (SK&F Laboratories),
dimaprit dihydrochloride (SK&F Laboratories), histamine
dihydrochloride (Sigma), (R)a-methylhistamine maleate (gift
from Prof. Dr J.-C. Schwartz, Paris), (S)a-methylhistamine
dihydrobromide (Cookson Chemicals), imetit dihydrobro-
mide (VUF8325, laboratory stock), immepip dihydrobromide
(VUF4708; 4-(1 H-imidazol-4-ylmethyl)piperidine dihydro-
bromide, laboratory stock), 5'-guanylylimidodiphosphate
(Gpp(NH)p) (Sigma), guanosine 5'-o-(3-thio)triphosphate
(GTPyS) (Sigma), guanosine 5'-triphosphate (GTP) (Sigma),
betahistine dihydrochloride (Solvay Duphar), mepyramine
hydrochloride (Sigma), triprolidine hydrochloride (Sigma),
amthamine dihydrobromide (laboratory stock), tiotidine
(ICI), imidazole (Merck) and polyethylenimine (Aldrich-
Chemie). Drugs were dissolved in distilled water or in Tris-
HCI buffer except for thioperamide which was diluted in
buffer from 1 mM stock solutions prepared in dimethylsul-
phoxide (DMSO). At the final concentrations used, DMSO
did not affect ['251I]-iodophenpropit receptor binding.

Statistical analysis

Dissociation constants for agonists in the absence and
presence of guanine nucleotides were compared by Student's
one tailed, unpaired t test. The effect of NaCI on dissociation
constants for antagonist was analysed by Student's two
tailed, unpaired t test. Differences were considered using a
probability level of 5%.

Results

[12I]-iodophenpropit saturation binding experiments

Specific binding of ['251]-iodophenpropit (0.025-3 nM) to rat
cerebral cortex membranes wa/saturable (Figure 2a) and
yielded linear Scatchard plots. Computer analysis of the
saturation binding curves revealed that ['251]-iodophenpropit
bound to a single class of sites with a KD of 0.57 ± 0.16 nM
and a Bmax of 268 ± 119 fmol mg-' of protein (n = 4). Hill
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coefficients were not significantly different from unity
(1.00 ± 0.02). Non-specific binding determined -in the
presence of 0.3tiM thioperamide was linear with the ['25I]-
iodophenpropit concentration up to 3 nM. Specific binding at
concentrations below 1 nM accounted for 50 to 60% of total
binding.
Both dissociation constant and receptor density of the

[251I]-iodophenpropit binding sites were unaffected by the
non-hydrolysible GTP analogue 5'-guanylylimidodiphosphate
(Gpp(NH)p) in a concentration of 100 JM (KD = 0.55 ±
0.19 nM; Bmax = 272 ± 101 fmol mgI protein; n = 4) (Figure
2b).

Competition binding curves of H3-antagonists

['25I]-iodophenpropit was displaced from rat cerebral cortex
membranes by histamine H3-receptor antagonists (Figure 3).
The selective histamine H3-receptor antagonists, clobenpropit
(VUF9153) and iodophenpropit, showed the highest potency
with KD values of 0.9 ± 0.4 nM and 1.0 ± 0.1 nM respectively
(Table 1). Omitting sodium chloride from the buffer
significantly reduced the affinity of iodophenpropit and
thioperamide for ['251I]-iodophenpropit binding sites (Table 1).
Competition binding curves of clobenpropit, iodophen-
propit, thioperamide (KD= 4.3 ± 1.6 nM) and impromidine
(KD = 51 ± 9 nM) fitted best to a one site model (P>0.05).
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Figure 2 (a) Saturation binding of ['251I]-iodophenpropit (0.025-
3 nm) to rat cerebral cortex membranes; (0) total binding; (-)
non-specific binding; determined by the addition of 0.3 jIM
thioperamide (0) specific binding. (b) Specific binding of [125I]_
iodophenpropit to rat cerebral cortex membranes in the absence (0)
and presence (0) of 100 jIM Gpp(NH)p. The dissociation constant
and receptor density in the absence of Gpp(NH)p were 0.57 ±
0.16nM and 268 ± 119 fmol mg-' protein, and in the presence of
Gpp(NH)p 0.55 ± 0.19 nm and 272 ± 101 fmol mg' protein respec-
tively (n = 4). Results shown are from one representative experiment
with triplciate determinations.

In contrast, competition binding curves of the histamine
H3-receptor antagonists burimamide and dimaprit were
significantly better described by a two site model (P<0.05;
Figure 3b). The dissociation constants for the two different
sites were 18 ± 9 nM and 725 ± 392 nm for burimamide and
0.42 ± 0.11 JIM and 38 ± 37 JIM for dimaprit (Table 2). The
histamine H3-receptor antagonist, betahistine, had a KD value
of 131 ± 37 JM (Figure 3a).

Displacement by other ligands

Selective ligands for histamine H.- (mepyramine and trip-
rolidine) and H2-receptors (tiotidine and amthamine) and
imidazole showed a very low affinity (KD> 10#M) towards
the ['25I]-iodophenpropit binding sites (Table 1).

['251]-iodophenpropit displacement by H3-agonists; the
effect ofguanine nucleotides

Competition binding curves for histamine H3-receptor
agonists were shallow and all fitted a two site model best
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Figure 3 (a) Inhibition of ['251]-iodophenpropit binding (0.25 nM) by
histamine H3-receptor antagonists. (b) Competition binding curves
for burimamide and dimaprit compared with the corresponding
theoretical one site competition curves (dashed curves). Data are
expressed as % specific binding. Specific binding was determined
using 0.3 JM thioperamide and represented 50 to 60% of the total
binding. Each curve represents a single representative experiment
with triplicate determinations. Symbols used: (0) clobenpropit; (A)
iodophenpropit; (U) thioperamide; (0) impromidine; (A)
burimamide; (0) dimaprit; (x) betahistine.
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(P <0.05), showing high and low affinity binding sites. The
rank order of potency of the five agonists used for the high
affinity sites was imetit (KH = 2.7 ± 0.8 nM), immepip (KH =
2.7 ± 0.5 nM), (R)a-methylhistamine (KH = 3.5 ± 1.2 nM)>
histamine (KH = 38 ± 10 nM)> (S)a-methylhistamine (KH =
230 ± 97 nM) (Table 3).
Upon the addition of GTPyS (100ILM) the competition

binding curves of the agonists showed a rightward shift.
GTP'yS completely abolished the high affinity sites for his-
tamine, (R)x-methylhistamine and (S)a-methylhistamine
(curves fitted best to a one site model, P> 0.05; Table 3,
Figure 4). For imetit and the new histamine H3-receptor
agonist, immepip (Vollinga et al., 1994) a significant increase
of the high affinity dissociation constant was observed upon
addition of GTPyS (Table 3). With respect to competition
binding curves for histamine, the nucleotides GTP and
Gpp(NH)p at a concentration of 100tiM were less potent
than GTPyS. Both GTP and Gpp(NH)p significantly in-
creased the high affinity dissociation constants for histamine
(Table 3). GTPyS (100;1M) did not affect the dissociation
constants for the histamine H3-receptor antagonists,
iodophenpropit (KD-value without GTPyS: 1.4 ± 0.4 nM, KD
value with GTPyS: 2.2 ± 0.8 mM, n = 3), thioperamide (KD-
value without GTP-yS: 1.2 ± 0.4 nM, KD value with GTPyS:

Table 1 Affinities of different ligands towards
['251I]-iodophenpropit binding sites on rat cerebral cortex
membranes and the effect of NaCl on histamine
H3-receptors antagonist affinity

Ligand

H3-antagonists:
Clobenpropit
lodophenpropit
Thioperamide
Impromidine
Other ligands:
Mepyramine
Triprolidine
Tiotidine
Amthamine
Imidazole

Tris-buffer
+ MgCl2 (5 mM)

(KD nM)
ND

1.7±0.3 (3)
11±2.3 (7)

107 ± 68 (3)

> 10,000
> 10,000
> 10,000
> 10,000
> 10,000

(5)
(3)
(4)
(2)
(2)

Tris-buffer
+ MgCl2 (5 mM)
+ NaCl (145 mM)

(KD, nM)
0.93 ± 0.39 (3)
0.97 ± 0.06* (3)
4.3 ± 1.6* (7)
51 ± 9 (3)

ND
ND
ND
ND
ND

All compounds listed were fitted best to a one-site model
(P>0.05). Values are given as the mean ± s.d. (number of
experiments). ND; not determined. *P<0.05 as compared
with buffer without NaCl.

1.3 + 0.7 nM, n = 3) and burimamide (KD,1- and KD,2- value
without GTPyS: 18 + 9 nM and 0.7 ± 0.4 pLM respectively,
n= 8; KDI and KD,2 value with GTPTS: 62 ± 44 nM and
3.1 ± 2.8tM respectively, n = 3).

Distribution of [J25I]-iodophenpropit binding sites in rat
brain studied by receptor autoradiography

Incubation of rat brain cryostat sections with [125I]-
iodophenpropit showed that the radioligand binding sites
were heterogeneously distributed (Figure 5a-c). Non-specific
binding, defined by incubation of adjacent sections in the
presence of 0.3 pM thioperamide, was very low and
homogeneously distributed (Figure Sd-f). The highest levels
of specific binding were observed in the upper frontal layers
and lower temporal layers of the cerebral cortex, the caudate-
putamen complex, the olfactory tubercles, the hippocampal
formation, the amygdala complex, the substantia nigra, the
hypothalamic area and the mammillary bodies. Densities
were low in the cerebellum.

Discussion

Recently, we described the preliminary pharmacological char-
acterization of the first radiolabelled histamine H3-receptor
antagonists ['25I]-iodophenpropit showing it to be a potential
tool for histamine H3-receptor binding studies (Jansen et al.,
1992). In the present study, we describe the full characteriza-
tion of the binding of [125I]-iodophenpropit to rat brain.
['251]-iodophenpropit meets the basic criteria for a suitable
radioligand for receptor binding studies, i.e. high affinity,

Table 2 Affinities of histamine H3-receptor antagonists
discriminating between two ['251]-iodophenpropit binding
sites

Antagonist

Burimamide KDI (nM)
18 ± 9

Dimaprit KD I (OLM)
0.42 ± 0.11

RI (%)
54± 10
RI (%)
52 ± 6

KD,2 (nM)
725 ± 392
KD.2 (tM)
38 ± 37

R2 (%)
46± 9
R2 (%)
47 ± 6

Values are given as the mean ± s.d. of eight (burimamide)
and five (dimaprit) separate experiments with triplicate
determinations. KD.I and KD.2 are the dissociation constants
for the two different binding sites, RI and R2 the
corresponding percentages of each site.

Table 3 The effect of guanine nucleotides on the high and low affinity binding sites of histamine H3-receptor agonists

Agonist:

Histamine

(R)a-methylhistamine

(S)a-methylhistamine

Imetit

Immepip

Nucleotide

GTP
Gpp(NH)p
GTPys

GTPys

GTPys

GTPys

GTPys

High affinity
KH (nM) RH (%)
38± 10 52±4
85±35* 51±8
137± 100* 42± 13

3.5 ± 1.2

230 ± 97

2.7 ± 0.8
18 ± 10*

2.7 ± 0.5
20 ± 5*

52 ± 4

39 ± 11

59 ± 5
52± 14

63 ± 3
67 ± 5

Low affinity
KL ( gM) RL (%)
2.5±0.6 48±4
2.5±0.9 49±8
3.2± 1.5 58± 13
0.8±0.1* 100**
1.2 ± 0.3
0.1 ± 0.1*

9.5 ± 1.8
12 ± 3.9

40± 12
35 ± 20

1.0 ± 0.2
3.4 ± 3.4

48 ± 3
100**

61 ± 5
100**

41 ± 2
48 ± 13

37±2
33±8

Values are given as the mean ± s.d. of six (histamine ± GPP(NH)p) or four (remaining) separate experiments with triplicate
determinations. The concentrations of GTP, Gpp(NH)p and GTP'yS were 100 gLM. KH and KL correspond to the dissociation constants
for the high and low affinity binding sites respectively. RH and RL are the percentages of high and low affinity sites.
*P < 0.05 as compared to value without the nucleotide.
**curve best fitted to a one-site model (P>0.05).
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8Oa histamine H3-receptors. Considering the variation in chemical
structure of the four ligands mentioned, it seems unlikely that
the high densities observed using ['25Il-iodophenpropit can be

0
A

explained by binding of the radioligand to an additional high
0O * o ^ affinity binding component in the membrane preparation for

10-
Em\which all these compounds have the same affinity as for the

0 £\.\7, histamine H3-receptor. Another indication that the specific
['2Ifl-iodophenpropit binding sites represent histamine H3-

;o- if Pi\receptors is the stereoselective displacement by (R)x-
methylhistamine and (S)a-methylhistamine. Moreover in our
laboratory, receptor densities of 200 fmol mg' protein were

o- A found using [3HH]-N-methylhistamine (P. Kuyt, personal com-
munication, 1991). Hence, the differences between B,.,-values
obtained with the currently used radiolabelled H3-agonists

0-0 compared with the Bm,,,-values obtained with (1251]_
iodophenpropit might be the result of differences in receptor

1 -10 U isolation and incubation procedures.
-1 -10 -9-8 -7 -6 -5 -4 -3 Displacement of [251I]-iodophenpropit by the histamine H3-

log Concentration (M) receptor antagonists, burimamide and dimaprit, was shown
to be biphasic. This phenomenon may be due to discrimina-
tion between subtypes of histamine H3-receptors by these two

sob compounds. A two site displacement of radiolabelled his-
tamine H3-agonists by burimamide in rat brain has
previously been reported using [3H]-(R)a-methylhistamine

o-0 (rat cerebral cortex membranes; Arrang et al., 1990) and
[3H]-NI-methylhistamine (whole rat brain membranes; West

o et al., 1990b). However, in another report in which [3H]-(R)cx-
10- methylhistamine was used (whole rat brain membranes; West

et al., 1990a) burimamide displacement was monophasic. A
8 *\ *\ two site displacement has also been reported for

so- 0 7, tthioperamide (West et al., 1990b), but was not observed in
£\ \ \ other studies. Variation in the experimental conditions (mem-

0o- k \\ brane preparation, composition of the buffer) might account
for the discrepancies. Considering the different results, the

A existence of histamine H3-receptor subtypes from receptor
t0- binding studies needs to be explored further. To validate the

existence of possible subtypes, more ligands are needed which
clearly discriminate between possible subtypes.

01 The present study provides evidence for the interaction of
-11 -10 -9 -8 -7 -6 -5 -4 -3 histamine H3-receptors with G-proteins. Displacement of

log Concentration (M) ['251I]-iodophenpropit by histamine H3-receptor agonists was
biphasic and was modified by guanine nucleotides. Hence,

4 The effect of different nucleotides on displacement of the two sites found for agonists is probably related to the
lophenpropit (0.25 nM). (a) The effect of nucleotides on his- formation of a ternary complex between the agonist, the
(HA) and thioperamide competition binding curves; (0) receptor and a G-protein rather than discrimination between
Lmide; (0) thioperamide + GTPvS; (A) HA; (A) HA + GTP; receptor subtypes by these agonists. The observation that
k + Gpp(NH)p; (A) HA + GTPyS: (b) The effect of GTPyS biphasic competition binding curves for the histamine H3-
and (S)x-methylhistamine competition binding curves; (A)
-thylhistamine; (A) (R)m-methylhistamine + GTPvS; (0) receptor antagonist, burimamide, was not affected by GTPyS
'thyihistamine; (0) (S)a-methylhistamine + GTPyS. Curves is in accordance with this conclusion. The results obtained
.d are from representative experiments, each point determined with [I S1]-iodophenpropit to characterize histamine H3-
icate. The concentration of the nucleotides used was 100 gM. receptors were similar to those from binding studies to other

G-protein coupled receptors, such as a- (Weinshank et al.,
1990) and P-adrenoceptors (Voss et al., 1992), histamine H1-
(Hattori et al., 1991) and histamine H2-receptors (Ruat et al.,

)ility, reversibility, selectivity and high specific activity. 1990), using radiolabelled antagonists. Generally, guanine
)KD value (9.3) observed in saturation binding nucleotides bind to G-proteins, inducing the uncoupling of
nents is close to the pA2 value (9.6) determined on the the G-protein-receptor complex. In a receptor binding study
-pig intestine. Binding of the radioligand to histamine this shows up as a conversion of agonist high affinity binding
-ptors was validated by competition binding studies sites into low affinity binding sites, since the high affinity
various selective histamine receptor ligands and by binding sites represent the binding of an agonist to the
r autoradiography. receptor - G-protein complex and the low affinity binding
binding results obtained with ['25I]-iodophenpropit sites represent the binding of an agonist to the receptor
correlate to data obtained from receptor binding alone. In our experiments GTP'S completely abolished the
using the radiolabelled agonists [3H]-histamine, [3H]- high affinity sites for histamine, (R)a-methylhistamine and

thylhistamine and [3H]-(R)a-methylhistamine; however, (S)a-methylhistamine. However, a significant increase of the
clear discrepancies also exist. The receptor density high affinity dissociation constant of imetit and immepip was
using [1251I]-iodophenpropit (268 fmol mg-' protein) observed upon addition of GTPyS. Similar results were des-
to 8 fold higher than the densities reported using cribed for a2-adrenoceptors (Weinshank et al., 1990). These
belled agonists (30 to 80 fmol mg' protein). The observations are different from the generally observed reduc-
ation that the histamine H3-receptor antagonists, tion of the ratio between the amount of high and low affinity
propit, iodophenpropit, thioperamide and impromidine binding sites by guanine nucleotides. At present, the explana-
:ed ['251]-iodophenpropit according to a one site model tion for these differences remains to be established.
lear indication that all displaced binding represents The interaction of histamine H3-receptors with G-proteins
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Figure 5 Autoradiographic localization of ['251]-iodophenpropit binding sites in rat brain. On the left side (a to c) total binding is
shown using 0.3 nM ['251I]-iodophenpropit (a and b: sagittal sections; c: transverse section). On right side (d to f), the corresponding
non-specific binding is shown as defined by the inclusion of 0.3 pM thioperamide. Indicated areas: caudate-putamen (cp),
hippocampal formation (hip), amygdala complex (amg), substantia nigra (sn), hypothalamic region (hyp), cortex (cx), olfactory
tubercles (olf) and mammillary bodies (mm).

has also been indicated by binding studies using the tritium
labelled agonists histamine, (R)o-methylhistamine and Na-
methylhistamine. In 1980, Barbin et al. described the high
affinity binding of [3H]-histamine to rat brain. Although at
that time histamine H3-receptors were not yet identified, the
[3H]-histamine binding sites presumably represented his-
tamine H3-receptors. In their study, the density of the [3H]-
histamine high affinity binding sites was reduced by
Gpp(NH)p without altering the affinity. More recently, a

reduction of [3H]-N"-methylhistamine binding by GTPT'S was

observed which may be due both to a reduced density and
affinity of [3HH]-N-methylhistamine binding sites (West et al.,
1990b). In this last study biphasic displacement of the
radiolabelled agonist by thioperamide and burimamide was

observed. As the low affinity sites of both antagonists were

abolished by GTPyS it was concluded that [3H]-NM-
methylhistamine bound to two subtypes of histamine H3-
receptors (H3A and H3B) of which one was not detectable in
the presence of GTPyS. Their conclusion is not in agreement
with the results of our experiments using ['251]-iodo-
phenpropit, as GTPyS had no effect on displacement curves
for burimamide. In another report an effect of guanine
nucleotides on [3H]-(R)x-methylhistamine binding was
observed only when calcium was present in the incubation
medium (Arrang et al., 1990). When calcium was included in
the buffer saturation curves showed a high and low affinity
component, the latter being abolished by Gpp(NH)p. From
these rather unexpected results the authors suggested that the
low affinity site may be its functional receptor. Reduction of
[3H]-NM-methylhistamine binding sites by Gpp(NH)p has also
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Table 4 The affinity of histamine H3-receptor agonists and
antagonists for [2511]-iodophenpropit binding sites on rat
cerebral cortex compared with their functional potencies

H3-antagonists: (pKD) (pA2)

Clobenpropit 9.0 9.9a
lodophenpropit 9.0 9.6b
Thioperamide 8.4 8.5a
Impromidine 7.3 7.2c

(pKD,1) (pKD,2) (pA2)
Burimamide 7.7 6.1 7.2c
Dimaprit 6.4 4.4 5.5C

H3-agonists: (pKD) (pD2)

Histamine 7.4 7.4c
(R)m-methylhistamine 8.5 8.4c
(S)z-methylhistamine 6.6 6.3c
Imetit 8.7 9.3c
Immepip 8.6 8.0'

The affinities of the various ligands for the
[1251I]-iodophenpropit binding sites are expressed as - log KD
(= pKD). The pKD-value for agonists correspond to their
high affinity binding site. The functional potencies of
H3-receptor agonists and antagonists are expressed as pD2
and pA2 values respectively.
aDetermined on guinea-pig intestine (Van Der Goot et al.,
1992); bDetermined on guinea-pig intestine (Jansen et al.,
1992); cDetermined on rat cerebral cortex (Leurs et al.,
1992); dDetermined on guinea-pig jejunum (Vollinga et al.,
1994).

been shown by in vitro receptor autoradiography (Cumming
et al., 1991). Summarizing, various studies using radio-
labelled histamine H3-receptor agonists provided evidence for
coupling of the histamine H3-receptor to a G-protein. How-
ever, the binding characteristics of these agonists are complex
and results obtained by several authors appear to be to a
certain extent controversial.
The affinities of histamine H3-receptor antagonists largely

correlate to the antagonistic activities obtained from func-
tional studies (Table 4). With respect to histamine H3-
receptor agonists, the agonistic activities are closely related to
their high affinity binding sites (Table 4). In contrast, in
binding studies using radiolabelled agonists, the dissociation
constants of histamine H3-receptor agonists reported are app-

roximately 10 fold lower than corresponding pD2-values.
Hence, the pKD-values observed in these receptor binding
studies may not reflect their affinity for the functional his-
tamine H3-receptor.

Recently, a detailed description of the distribution of his-
tamine H3-receptors in rat brain was published using [3H]-
(R)a-methylhistamine as a radioligand (Pollard et al., 1993).
The distribution of ['25]-iodophenpropit binding sites we des-
cribed in the present study was essentially the same as for
[3H]-(R)a-methylhistamine observed by Pollard et al. (1993).
Histamine H3-receptors showed a clearly distinct distribution
compared to histamine H.- and H2-receptors. Moreover, the
distribution of histamine H3-receptors seemed to be distinct
from the distribution of histaminergic nerve endings in rat
brain (Watanabe et al., 1984). This observation may be
explained by the occurrence of the histamine H3-receptor as a
heteroreceptor. The histamine H3-receptor was first charac-
terized as an autoreceptor inhibiting both synthesis and
release of neuronal histamine (Arrang et al., 1983; Van Der
Werf et al., 1987). However, several studies have indicated
the involvement of histamine H3-receptors in modulation of
the release of other neurotransmitters such as 5-hydroxy-
tryptamine (Fink et al., 1990), noradrenaline (Schlicker et al.,
1989) and acetylcholine (Clapham & Kilpatrick, 1992; Voll-
inga et al., 1992).

In conclusion, ['251I]-iodophenpropit binds to rat cerebral
cortex membranes with a high affinity, saturability and rever-
sibility. [251I]-iodophenpropit binding sites in rat brain are
likely to represent histamine H3-receptors as the binding is
displaced by selective histamine H3-receptor ligands, in con-
trast to ligands selective for other receptors. Biphasic
displacement of ['251I]-iodophenpropit by burimamide and
dimaprit may be indicative of the existence of histamine
H3-receptor subtypes. The sensitivity of histamine H3-
receptor agonist competition binding curves to guanine
nucleotides confirms the results of previous experiments
indicating the interaction of histamine H3-receptors with G-
proteins. The distribution of [251I]-iodophenpropit binding
sites in rat brain is heterogeneous and essentially the same as
previously reported for the selective histamine H3-receptor
agonist [3H]-(R)a-methylhistamine. ['251I]-iodophenpropit is a
valuable new tool for studying histamine H3-receptors.

The authors wish to thank Dr J. Eersels and Dr J.D.M. Herscheid
for the synthesis of [251I]-iodophenpropit and Dr W. Menge for the
synthesis of histamine H3-receptor ligands.
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