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SUMMARY

PALAcCIOs, J. M., GARBARG, M., BARBIN, G., & SCHWARTZ, J. C. (1978) Pharmacolog-
ical characterization of histamine receptors mediating the stimulation of cyclic AMP
accumulation in slices from guinea-pig hippocampus. Mol. Pharmacol., 14, 971-982.

A histamine-sensitive adenylate cyclase presenting characteristics very similar to typical
H,-receptors has recently been demonstrated in cell-free brain preparations, whereas the
stimulation of cyclic AMP accumulation elicited by histamine in cerebral slices has been
postulated to involve both H;- and H-receptors. We have reinvestigated the pharmaco-
logical properties of histamine receptors mediating the stimulation of cyclic AMP in
guinea-pig hippocampal slices by determining the relative potencies of several agonists
and the apparent affinities of antagonists. Metiamide, a H-blocker, antagonizes in a
competitive manner the stimulation elicited by histamine (or 2-thiazolylethylamine, a
predominantly H,-agonist) with a pA; value of 6, corresponding to an interaction with a
single population of typical H-receptors. The relative potencies of two H-agonists
(dimaprit and 4-methylhistamine) are consistent with this view. However other data
suggest the involvement of an heterogeneous population of histamine receptors. First, the
relative potencies of two H;-agonists (2-thiazolylethylamine and 2-methylhistamine) in
hippocampal slices are intermediate between corresponding values on homogeneous
populations of H;- and H,-receptors, respectively. Furthermore in the presence of mod-
erate concentrations (5 nM to 0.1 uM) of mepyramine, an H;-antagonist, the response to
histamine is modified in a complex fashion: the responses to histamine in low concentra-
tions remain unaltered whereas those to the amine in concentrations above 10 uM are
competitively antagonized. Analysis of these data by Schild plot or by a computer
program reveals two components in the response to histamine: a first one (insensitive to
mepyramine) with an ECs, of 6uM and a second one with an ECs of 14 um for the amine
(antagonized by mepyramine with a pA; of 8.2). The participation of each component to
the maximal response is approximately 50%. In addition, a series of H,-antagonists inhibit
the response to 100 uM histamine with apparent K 5 toward the second component which
appear to be in the same range as those toward typical H;-receptors. Furthermore the
supramaximal response to dimaprit, a pure H:-agonist, is progressively elevated in the
presence of 2-thiazolylethylamine, a predominantly H;-agonist, in increasing concentra-
tions. In these conditions the relative potency of 2-thiazolylethylamine becomes compa-
rable with the value for typical H)-receptors. This additive response is blocked by 0.1
uM mepyramine while the response to dimaprit alone is not affected. It is concluded that
the response to histamine in brain slices involves the stimulation of both typical Hs-
receptors and receptors closely similar to (or identical with) H,-receptors, which appear
to be activated in a sequential manner.
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INTRODUCTION

Ten years ago Kakiuchi and Rall (1)
showed that histamine was one of the most
powerful agents in stimulating cyclic AMP
accumulation in brain slices. In 1966, Ash
and Schild (2) provided some pharmacolog-
ical evidence that the actions of histamine
on various biological systems from periph-
eral tissues were mediated by at least two
distinct classes of receptors. The work of
Black et al. (3) supported this evidence by
clearly establishing the existence of H,- and
H,-receptors and providing specific agents
to characterize them.

Since that time much work has been
devoted to the pharmacological character-
ization of histamine receptors mediating
the stimulation of cyclic AMP formation in
brain tissues (for reviews, see references
4-6) but a rather confusing picture has
emerged.

Recently two groups of investigators
have independently demonstrated the ex-
istence of a histamine-sensitive adenylate
cyclase in cell-free preparations from
guinea-pig brain and have shown that the
receptor involved had characteristics very
similar to typical H.-receptors (7, 8). For
instance, H,-antagonists competitively
block histamine stimulation with pA. val-
ues almost identical to those found on typ-
ical H,-systems from peripheral organs, and
H,-agonists stimulate the cyclase with rel-
ative potencies close to those exhibited on
these systems (8). In addition the actions of
H-agonists or antagonists occurred only at
high concentrations, i.e., their apparent af-
finities were consistent with an interaction
with a single population of H.-receptors.

However, when the same pharmacologi-
cal tools are used to characterize the action
of histamine on cyclic AMP accumulation
in brain slices a different, less clear picture
emerges.

In guinea-pig hippocampal slices Chasin
et al. (9) observed that H,-antagonists par-
tially blocked the response to histamine.
Baudry et al. (10) showed that either a H;-
antagonist, mepyramine, or a H,-antago-
nist, metiamide, inhibited the histamine re-
sponse by approximately 50%. The re-
sponse was completely antagonized only in
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the presence of the two agents; the ratio of
the IC;, of the two antagonists was close to
that reported for peripheral systems con-
taining pure populations of H;- or H,-recep-
tors. In addition, 4-methylhistamine, a rel-
atively specific H,-agonist (3), elicited a
response that was inhibited by metiamide
but not by mepyramine. The conclusion
was that both H,- and H,-receptors mediate
the histamine response on slices from
guinea-pig cortex. Rogers et al. (11) reached
the same conclusion by employing a series
of antagonists of H,- and H,-receptors and
suggested that H, receptors mediate about
20% of the response to histamine in slices
from guinea-pig cortex but around 50% in
hippocampal slices. Based on the ability of
both H,- and H:-agonists, 2-thiazolylethyl-
amine and 4-methylhistamine, to stimulate
cyclic AMP accumulation in slices from
guinea-pig hippocampus and cortex, Dis-
mukes et al. (12) also inferred that two
classes of receptors were present; the fact
that metiamide antagonized the action of
the H,-agonist was explained by the low
affinity of the latter as well as by the rela-
tive nonspecificity of the antagonist. In con-
trast with the results obtained with slices
from guinea-pig brain, Nahorski et al. (13)
suggested that the response on slices from
chick brain was mediated exclusively by
H.-receptors: both 10 uMm metiamide and
100 uM mepyramine had antagonist prop-
erties, but only the action of metiamide
could be overcome by raising the histamine
concentration.

However, none of the above studies with
brain slices determined the dissociation
constants of the histamine antagonists (or
the relative potencies of agonists) precisely
nor did they compare them with corre-
sponding values on typical H,- and H-re-
ceptors. Hence it can be concluded that, in
contrast with cell-free preparations in
which a single population of H,-receptors
has been clearly identified, the identity of
receptors mediating the effects of histamine
on cyclic AMP accumulation in slices is still
to be accurately characterized. We have
attempted this characterization on guinea-
pig hippocampal slices, in view of the high
responsiveness of this preparation to his-
tamine.
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MATERIALS AND METHODS

Male Hartley guinea-pigs (300 g) were
used in all experiments. The animals were
killed by decapitation and hippocampus
quickly dissected on ice. Slices (250 pum
thick) from at least four animals, were pre-
pared employing a Mcllwain tissue slicer.
The pooled slices were incubated 30 min at
37° in Krebs-Ringer bicarbonate medium
(50 ml per g of tissue) under a constant
stream of 0,:CO, (95:5) in a Dubnoff met-
abolic shaker. At the end of this preincu-
bation, slices were washed twice with fresh
medium and 200 pl aliquots of the suspen-
sion distributed in incubation tubes. The
tubes were gassed with 0,:CO, and incu-
bated again for 10 min at 37°. The different
agents were added at the beginning of the
incubation. Since cyclic AMP accumulation
elicited by histamine reaches a plateau at
10 min and remains constant at least up to
20 min, an incubation time of 15 min was
employed at 37° and under agitation, as
described previously (10). Incubations were
terminated by sonication of the slices and
heating of the homogenates at 95° for 8
min. Cyclic AMP concentration was deter-
mined by the protein binding assay method
of Brown et al. (14). Protein concentration
was measured in each incubation tube by
the Folin procedure (15). Results are pre-
sented as pmol cyclic AMP per mg protein
formed during the incubation time, or as
percentages of the maximal stimulation
elicited by agonists.

Concentration-response curves were fit-
ted by hand or by employing the computer
method of Parker and Waud (16) or an
iterative computing method developed in
our laboratory.! This method allows the
determination of the 6 parameters of the
following equation according to the least
squares:

_ V.-x"'
ECs - x"

+ Vz-x"f
ECso,"- 2™

Yy

The equation describes biphasic curves, i.e.,
curves that are the sum of two components.
In this equation, y represents the percent-
age of the maximal response for the agonist
concentration x; V, and V, are the maximal

! Malfroy et al., manuscript in preparation.
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participation to the total response corre-
sponding to each component; ECs, and
ECs, are the agonist concentrations induc-
ing half-maximal response in each compo-
nent; n, and n, are the Hill coefficients of
each component.

[PHlcyclic AMP (8-[’H]adenosine 3’5’
cyclic phosphate, 30 Ci/mmol) was ob-
tained from the Radiochemical Centre
(Amersham, U.K.). Dimaprit, 4-methylhis-
tamine, 2-methylhistamine, 2-thiazolyl-
ethylamine and metiamide were generously
provided by Dr. M. E. Parsons (The Re-
search Institute, Smith, Kline and French
Laboratories, U.K.). The H,-antagonists,
mepyramine, triprolidine, cyclizine, pro-
methazine, D-brompheniramine, and di-
phenhydramine, were generously provided
by the Burroughs-Wellcome and Specia
companies.

RESULTS

Studies with agonists. The effects of 4-
methylhistamine and dimaprit (S-[3-(N,N-
dimethylamino) propyllisothiourea), two
H:-agonists (3, 17), and of 2-thiazolylethyl-
amine and 2-methylhistamine, two H,-ag-
onists (3, 18), on cyclic AMP accumulation
in slices from guinea-pig hippocampus were
compared with those of histamine. Typical
concentration-response curves for these ag-
onists are presented in Fig. 1. The data are
expressed as percentages of maximal stim-
ulation elicited by each compound in order
to define the ECs value and to establish
the equipotent molar ratio for the deter-
mination of its “relative potency,” (RP) i.e.,

RP = ECs hlstan‘une % 100
ECs agonist

The results of these calculations are
shown in Table 1 and are compared with
corresponding data from the literature for
histamine-stimulated adenylate cyclase in
hippocampal homogenates (8) and well-
characterized H,- and Hs-receptors in pe-
ripheral systems: contraction in the isolated
guinea-pig ileum (H,) and gastric secretion
in the rat (H;)(3, 17-19).

In addition, clear differences in the in-
trinsic activities (20) of these agents are
found as shown by the values of the maxi-



PALACIOS ET AL.

974

a
T

PERCENT OF MAXIMAL STIMULATION
X 3
I T

ol g B 1 I -
107 0! 107
AGONIST CONCENTRATION (M)

F1G. 1. Concentration-response curves of the cyclic AMP accumulation induced by histamine, H- and H,-
histamine receptor agonists in slices from guinea-pig hippocampus

Slices were incubated for 15 min. Histamine (HA) (0O); dimaprit (DIM) (A); 4-methylhistamine (4-MHA)
(); 2-methylhistamine (2-MHA) (A); 2-thiazolylethylamine (TEA) (O) were added at the beginning of the
incubation. Each point represents the mean data from 6 incubations from two separate experiments; variation
was less than 10% of mean values. Results are expressed as percent of maximal stimulation elicited by each
agent. The maximal values (in pmoles of cyclic AMP per mg protein) are 93 + 6 for histamine; 18 + 1 for
dimaprit; 22 + 2 for 4-methylhistamine; 32 + 1 for 2-methylhistamine; and 66 + 4 for 2-thiazolylethylamine. The
mean basal level was 5.4 £ 0.3.

TaBLE 1
Comparison of the “relative potencies” of histamine agonists on the accumulation of cyclic AMP in
hippocampal slices and on other systems
Relative potencies were calculated according to the equation
R.P. = (EC5 histamine/ECx, agonist) X 100
The ECs values for agonists were calculated by log-probit analysis of the concentration-response curve of each
compound on hippocampal slices.

Agonist Cyclic AMP accu- Adenylate cyclase Gastric secretion Ileum contraction
mulation in hip- in hippocampal in rat (H») in guinea-pig (H,)
pocampal slices homogenates

Histamine 100 100° 100° 100°
Dimaprit 67 219° 19.5° 0.0001°
4-Methylhistamine 67 58¢ 39° 0.3
2-Methylhistamine 12 12° 2° 16.5°
2-Thiazolylethylamine 7 - 0.3 264

? Green et al. (8).

¢ Johnson & Mizoguchi (19).

“ Parsons et al. (17).

4 Durant et al. (18).

mal stimulation reported in the legend of concentration-response curves without

Fig. 1.

Studies with antagonists. The cyclic
AMP accumulation induced by histamine
was evaluated in the presence of increasing
concentrations of the Hj-antagonist me-
tiamide (21). The rightward shift of the

modification of the maximal responses (Fig.
2) indicates that metiamide competitively
inhibits histamine-activated cyclic AMP
accumulation. Furthermore, when metiam-
ide inhibition is analyzed by means of
Schild plot (22) (inset of Fig. 2), the slope
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F1G. 2. Inhibition by metiamide of the histamine-induced accumulation of cyclic AMP in slices from

guinea-pig hippocampus

Slices were incubated in the presence of various concentrations of histamine (HA) added at the beginning of
the incubation alone (O) or together with 107 M (A), 5 X 107* M (@) or 3 X 10~* M (0J) metiamide (MET). Points
represent the means of data from 6 incubations from two separate experiments. Data varied less than 10% of the
means. The results are expressed as percentage of the maximal response to histamine. Basal level of cyclic AMP
was not significantly modified by the antagonist at any of the studied concentrations. The inset represents the
Schild plot of the same data. Dose ratios were estimated graphically from the parallel displacement of straight
portions of the concentration-response curves. The pA; value determined by linear regression was 6.04.

of the line is not different from unity, indi-
cating simple competitive antagonism. The
pA: value, i.e., the negative logarithm of
the molar concentration of the antagonist
that reduces the effect of a given agonist
concentration to that of half this concentra-
tion (22) was calculated and a value of 6.04
obtained. Metiamide also inhibited compet-
itively the cyclic AMP accumulation elic-
ited by 2-thiazolylethylamine (Fig. 3).
When the data were analyzed by Schild
plot, the pA. value for metiamide was in
the same range as that found for this com-
pound against histamine.

Mepyramine is an H,-antagonist with a
high affinity (apparent dissociation con-
stant [K;5]:0.1 nM) for typical H,-receptors
(22). We have studied the effects of this
compound, in concentrations ranging from
50 pM to 1 uM, on the histamine-induced
accumulation of cyclic AMP (Fig. 4). Me-
pyramine was ineffective at 50 pM and 0.5
nM. At concentrations ranging between 5
nM and 0.1 uM, a complex action was ob-

served: mepyramine did not affect cyclic
AMP accumulation induced by low concen-
trations of histamine (up to 5 uM) but in-
hibited the effects of higher concentrations
(10 uM to 1 mM) of the agonist in a compet-
itive manner. In the presence of 1 uM me-
pyramine, the effects of low concentrations
of histamine were also unchanged but the
effects of histamine in higher concentra-
tions (up to 1 mM) were inhibited in a
insurmountable fashion. The Schild plot for
mepyramine inhibition (inset of Fig. 4), es-
tablished from the parallel displacement of
the upper part of the curves, yielded a line
with a slope equal to unity and an intercept
at the abscissa axis at a value (pA;) of 8.2.

In view of their complexity, the concen-
tration-response curves to histamine in the
presence of mepyramine were also analyzed
by a computed iterative curve-fitting
method developed (see MATERIALS AND
METHODS), after that of Parker and Waud
(16). The data fit a bimodal curve, indicat-
ing the presence of two components in the
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Fi1G. 3. Inhibition by metiamide of the 2-thiazol-
ylethylamine induced accumulation of cyclic AMP in
slices from guinea-pig hippocampus

Slices were incubated in the presence of 2-thiazol-
ylethylamine (TEA) alone (O) or in combination with
10 “M (A) or 5 x 10 * M (O) metiamide (MET). Points
represent the means of data from 3 separate incuba-
tions that varied less than 8%. Results are expressed
as percentage of the maximal response elicited by 2-
thiazolylethylamine. Basal level of cyclic AMP was
not significantly modified by the antagonist at the
concentrations employed.

histamine-induced accumulation of cyclic
AMP. The EC; of the first segment (6
uM) did not vary in the presence of mepyr-
amine, while that of the second component
(14 uM) increased with the antagonist con-
centration (Table 2). Both components
seem to follow Michaelis-Menten kinetics
as the Hill coefficients (data not shown)
were not significantly different from unity.
The relative contribution of each compo-
nent of the response to the maximal re-
sponse remained constant in the presence
of mepyramine, and was approximately 50%
for each. The Kp value of mepyramine for
the competitively antagonized component
is 3.5 nM, corresponding to a pA. of 8.4 (pA:
= —log K3), a value in close agreement with
that derived from Schild plot analysis (Fig.
4).

The specificity of the action of mepyra-
mine in moderate concentrations, on only
one type of receptor was confirmed by using
the highly selective H,-agonist, dimaprit.
Complete concentration-response curves
for dimaprit in the presence of concentra-

PALACIOS ET AL.

tions of mepyramine ranging from 50 nM to
0.5 uM (concentrations that produced inhi-
bition of the histamine response) were con-
structed (Table 3). No inhibition of the
dimaprit-induced cyclic AMP accumula-
tion was found at any antagonist concentra-
tion.

As another criterion for the involvement
of H,-receptors, the potency of a series of
H,-blockers (“classical” antihistamines)
was investigated. When slices were incu-
bated in the presence of 0.1 mm histamine
and increasing concentrations of these com-
pounds, a progressive inhibition of the re-
sponse to histamine was observed (Fig. 5).
For some compounds, i.e., mepyramine, tri-
prolidine, and promethazine, a clear plateau
was observed, corresponding approximately
to a 50% inhibition. Assuming that this
plateau corresponded to the total inhibition
of the second component of the response to
histamine, the concentration required for
half-maximal inhibition of this component,
i.e., 25% inhibition of the maximal response
to histamine, was determined for each com-
pound.

Based on these IC;, values, the apparent
K5 of the compounds for the second com-
ponent were calculated, assuming a com-
petitive inhibition. These apparent Kz val-
ues agree reasonably well with those re-
ported for the same compounds on the
guinea-pig ileum (23, 24), a typical H,-sys-
tem (Table 4).

Effects of the combination of dimaprit
and 2-thiazolylethylamine on cyclic AMP
accumulation. If both H,- and H,-recep-
tors are present in hippocampal slices, an
additive response must be expected when
H,- and H.-agonists are added simultane-
ously.

To test this hypothesis, hippocampal
slices were incubated in the presence of 2-
thiazolylethylamine, either alone or in com-
bination with a supramaximal concentra-
tion of dimaprit (Fig. 6). In these conditions
a supraadditive response was observed for
concentrations between 10 and 100 um.
However the maximal response to the H;-
agonist was not significantly altered in the
presence of 100 uM dimaprit. Hence, in the
presence of dimaprit, the ECs, of 2-thiazo-
lyl-ethylamine is shifted from 0.2 mM to 60
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F1G. 4. Inhibition by mepyramine of the histamine-induced accumulation of cyclic AMP in slices from

guinea-pig hippocampus

Histamine (HA) was added at the beginning of the incubation alone (X) or together with 5 x 107 M (O); 2.5
x 107" M (); 5 X 10® M (A); 107" M (®); and 10™* M (@) mepyramine (MEP). Basal levels of cyclic AMP were
not significantly altered by mepyramine at any concentration. Each point represents the mean + S.E.M. of
results from 6-12 incubations performed in separate experiments. Results are expressed as percentage of the
maximal stimulation elicited by histamine. In the inset the Schild plot of these data is represented. Dose ratios
were obtained graphically from the parallel displacement of upper parts of the curves (corresponding to 60-80%

of the maximal stimulation).

pM. When the relative potency to histamine
of 2-thiazolylethylamine in the presence of
dimaprit was calculated, a value of 23% was
obtained, which is close to that found on a
peripheral homogeneous Hj-receptor sys-
tem (see Table 1). Moreover, while the
response to dimaprit alone was not affected
by 0.1 uM mepyramine (Table 3), the effect
of 2-thiazolylethylamine was inhibited by
the H,-blocker.

DISCUSSION

Ideally, the “taxonomy of receptors,” (25)
mediating a given biological response is
based on findings from studies with the use
of specific agonists and antagonists recog-
nizing selectively a class of receptors, but
this condition is rarely met. In the case of
the two classes of histamine receptors, the
pharmacological tools presently available
consist of a highly specific agonist of the
H;-receptors, dimaprit (17), and various ag-
onists and antagonists of H,- and H,-recep-

tors with lower specificity but presenting
nevertheless a reasonably large difference
in affinity for the two classes (25). There-
fore a conclusive identification of histamine
receptors mediating the stimulation of
cyclic AMP formation in brain tissues re-
quires the establishment of the apparent
dissociation constants (Kgz) of antagonists
as well as, to a certain extent, the relative
potency of agonists (8).

In a cell-free preparation, i.e., the homog-
enate from guinea-pig hippocampus, it is
clear that, based on these criteria, the stim-
ulation of adenylate cyclase induced by his-
tamine (7, 8) is mediated by an homogene-
ous population of receptors representing
the same characteristics as typical H,-his-
tamine receptors (3). Several of our findings
could be interpreted as evidence that it is
also the case for the stimulation of cyclic
AMP accumulation in the slice preparation.

For instance, dimaprit stimulates cyclic
AMP accumulation in slices in the same
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range of concentration as does histamine:
its potency relative to histamine is 67%, a
value close to those found on homogeneous
populations of H;-receptors (Table 1). In
contrast, its relative potency on a typical
H,-system is 0.0001% (17). The same con-
clusion can be made as regard the action of
another H;-agonist, 4-methylhistamine, al-
though its specificity is inferior to that of
dimaprit (Table 1).

Furthermore, the effects of metiamide, a
specific Hz-antagonist, give additional sup-
port to the concept that the response to
histamine in slices is mediated by a homo-
geneous population of typical H,-receptors.
It produces a parallel displacement in the

TABLE 2

Parameters of concentration-response curves to
histamine in the presence of mepyramine

The data from Fig. 3, analyzed by a computed
iterative curve-fitting method (see MATERIAL AND
METHODS), were best fit to a two-component curve,
the parameters of which are reported. The values
varied less than 8.6%. If competitive inhibition of
mepyramine for the second component is assumed,
the apparent K; was 3.5 nM.

Mepyramine First component Second component
concentra-
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concentration-response curves to histamine
and its effects are surmountable by increas-
ing the agonist concentration, indicating a
competitive inhibition. The Schild plot
analysis of metiamide effects gives a
straight line with a slope equal to unity,
confirming this type of inhibition. A value
of 6 is obtained for the pA,, in close agree-
ment with the values for metiamide in
uterus and atrium (21), two well-character-
ized H,-receptor systems. The inhibition by
metiamide of the response to 2-thiazolyl-
ethylamine (Fig. 3) could be interpreted in
the same way. Hence all the above data
suggest the exclusive involvement of typical
H:-receptors in the histamine response in
hippocampal slices, as is the case for those
linked to an adenylate cyclase in cell-free
hippocampal preparations.

However other data are not in agreement
with this conclusion and suggest that H;,-
receptors may also be involved. Thus, a
first indication is given when two agonists
with a relatively specific action on H;-re-
ceptors are used. Both 2-thiazolylethyla-
mine and 2-methylhistamine elicit a re-
sponse in slices, with a relative potency to
histamine intermediate between the corre-

tion P ‘:i';:f‘tl(’)ﬂ' ECw P‘t‘i‘::]‘-‘itl(’;" ECw  sponding values reported for these com-

maximal maximal pounds acting on homogeneous populations

response response of H;- (see ref. 3) and H.- (see ref. 18)

M % M % uM receptors. Our data are in relatively good

0 56 6.8 55 14 agreement with those of Dismukes et al.

5% 10 55 6.2 52 33 (12) and Nahorski et al. (26), although com-

25x 107 50 6.2 57 110 plete concentration-response curves were

5x10" 50 6.2 62 210 not constructed in all cases. Even more

3x1077 49 38 54 407 interesting were the results obtained by
TaBLE 3

Effect of mepyramine on dimaprit stimulated accumulation of cyclic AMP in hippocampal slices

Concentration-response curves of the cyclic AMP accumulation induced by dimaprit in slices from guinea-
pig hippocampus were constructed in the absence or in the presence of several concentrations of mepyramine
in two different experiments. Mepyramine did not affect the basal level of cyclic AMP. ECs and maximal
stimulation were determined by analyzing the data, by the method of Parker and Waud (16).

Response to dimaprit

Mepyramine concentration

Experiment 1 Experiment 2
0 5X 107" M 107" M (] 25%x107 5x107"M
M
ECs (X 107° M) 0.7+0.3 0.6 +£ 04 261 16+ 1.2 27+23 27+18
Maximal stimulation (pmol 121 12.2 141 20+ 3 22+ 4 24+ 4

cyclic AMP per mg of pro-
tein)
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F1G. 5. Effect of various H,-antagonists on the histamine-induced accumulation of cyclic AMP in slices

from guinea-pig hippocampus

Slices were incubated in the presence of 10™* M histamine in the presence of increasing concentrations of
triprolidine (@) brompheniramine (A) mepyramine (ll) promethazine (O) diphenhydramine (A) and cyclizine
(D). Points are the means of data from 3-6 separate incubations. The stimulation elicited by 0.1 mM histamine
in the absence of antagonist is defined as maximal stimulation and results for each antagonist are expressed as

percentages of this value.

TABLE 4
Comparison of Kg values of several H,-antagonists
on the histamine-induced accumulation of cyclic
AMP in hippocampal slices and on a typical H,-

system
Antagonist K" (hippo- Ks" (guinea-
campal slices) pig ileum)
M M
Triprolidine 10°* 1.2x 107"
Mepyramine 2x107° 5x 107"
Brompheniramine 2x107° 1.1x 107%¢
Cyclizine 1.2x 107 1.3x107®
Promethazine 25x107* 1.2x 107°
Diphenhydramine 5% 107° 72% 107

“ Ky values were calculated using the equation Ky
= ICs/(1 + S/Ka). ICs refers to the antagonist con-
centration that produces a 25% inhibition of the max-
imal stimulation elicited by 10™* M histamine, i.e.,
agonist concentration producing 50% inhibition of the
second component of histamine concentration-re-
sponse curves. These values were obtained from data
plotted in Fig. 5. S is the concentration of histamine
(107* M) and K, is the histamine concentration that
gives half-maximal stimulation of the second compo-
nent, i.e., 75% of the maximal response to histamine.

® Data collected by Triggle and Triggle (23).

¢ Calculated from Roth (24).

constructing concentration-response curves
for histamine in the presence of specific H;-
antagonist, mepyramine (Fig. 4). The com-
plexity of the interaction of this agent was
indicated by the fact that the responses to
concentrations of histamine below 5 um
were not significantly affected, while the
responses to higher concentrations were
clearly inhibited, suggesting two distinct
components in the response to histamine.
The first component is represented by the
response to low histamine concentrations
and characterized by its insensitivity to me-
pyramine; in contrast, the second compo-
nent is characterized by the antagonism
exerted by mepyramine, which produces a
parallel shift of the upper part of the con-
centration-response curves, without change
in the maximal response. The competitive
nature of the inhibitory effect of mepyra-
mine was confirmed by analyzing the data
with the Schild plot: a straight line with a
slope equal to unity was obtained giving a
pA: value of 8.2. This value is far from 5.3,
the pA; for mepyramine acting either on an
homogeneous population of typical Hp-re-
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FiG. 6. Cyclic AMP accumulation in slices from guinea-pig hippocampus induced by 2-thiazolylethylamine

in the presence of dimaprit

2-Thiazolylethylamine (TEA) in varying concentrations was added either alone (@) or together with 10 ‘M
dimaprit (X) (DIM). The effects of 10”° M mepyramine (MEP) on the stimulation elicited by the combination
of TEA and DIM was also investigated (l); mepyramine added 10 min before the two agonists. Basal level of
cyclic AMP and stimulation elicited by 10™* M DIM are represented by horizontal lines. Each point represents

the mean + S.E.M. of data from 3 separate incubations.

ceptors (27) or on the adenylate cyclase
from guinea-pig hippocampus (8), i.e., there
is a 1,000 fold-difference in apparent affin-
ity, rendering an inhibition of the H;-recep-
tor-mediated response in slices unlikely.
The bimodal nature of the response to
histamine, as revealed by mepyramine, is
confirmed when the data are analyzed by
an iterative computing method' derived
from that of Parker and Waud (16). This
mathematical treatment shows that the
data are best fitted to a two-component
curve with an approximately 50% partici-
pation of each to the maximal response and
ECso of 6 uM and 14 pM, respectively. The
small difference between these ECss ex-
plains the failure to detect the two compo-
nents in the concentration-response curve
to histamine in the absence of mepyramine.
In addition, this mathematical treatment
confirms the competitive nature of mepyr-
amine inhibition (progressive increase in
ECs without change in the participation to
maximal response, see Table 2) as well as
the apparent affinity of mepyramine for the

second component determined by Schild
plot.

That mepyramine actions are not me-
diated by blockade of H,-receptors is also
substantiated by the absence of significant
change in either the ECs or the maximal
response to dimaprit (Table 3) at antago-
nist concentrations up to 0.5 um that al-
ready inhibit the histamine response (Fig.
4). A nonspecific action of mepyramine,
related either to H,-receptor blockade or to
its local anesthetic properties (28), could
occur at higher concentrations of this agent,
as suggested by Green et al. (8) and Nahor-
ski et al. (26) and possibly demonstrated by
the apparently insurmountable inhibition
at 1 um (Fig. 4).

Moreover the stimulation of cyclic AMP
accumulation elicited by 2-thiazolyleth-
ylamine in the presence of a supramaximal
concentration of dimaprit also reveals the
second component, as well as its sensitivity
to mepyramine (Fig. 6).

Is this second component of histamine
action mediated by typical H;-receptors? If
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this is the case, the apparent affinity of H;-
antagonists in hippocampal slices should be
comparable to that found in well-defined
H,-systems. In the case of mepyramine, the
pA: obtained from the Schild plot (Fig. 4)
is 8.2, a value corresponding to a dissocia-
tion constant of 6.3 nM; a similar Kp value
for the second component is determined by
the computed iterative curve-fitting
method (Table 2) or by considering the
inhibition produced by the antagonist in
increasing concentrations (Fig. 5, Table 4).
On many peripheral systems containing an
homogeneous population of typical H,-re-
ceptors, the pA; for mepyramine is between
9.1 and 9.4 (22), while on typical H,-recep-
tors its pA. is 5.1-5.3 (8, 27). Thus it is clear
that the apparent affinity of mepyramine
for the second component of histamine ac-
tion is much higher than that of the drug
on typical H,-receptors while it is close to
that found in typical H,-receptors. The
same conclusion holds for the apparent Kp
of a series of H;-receptor antagonists, which
are in a rather good agreement with those
reported in the guinea-pig ileum (Table 4).
Taken together, these results indicate that
the second component of histamine action
is probably mediated by typical H,-recep-
tors. The slight (4-5 fold) difference in the
dissociation constants of some H;-antago-
nists, in hippocampal slices as compared to
ileum, might be due to the fact that our
calculations depend on the approximate es-
timation of the relative sizes of the two
components of histamine response. How-
ever it cannot be excluded that H,-recep-
tors in brain present some slight differences
with the corresponding ones in peripheral
tissues.

As both H,- and H,-receptors appear to
be involved in the stimulation of cyclic
AMP accumulation elicited by histamine in
hippocampal slices, one could ask whether
the responses mediated by each class of
receptors are independent or are linked in
some way. The observations that metiam-
ide, a specific H;-antagonist, completely in-
hibits the response to histamine with a pA,
corresponding to a homogeneous popula-
tion of H.-receptors, while mepyramine
blocks only a fraction of this response, sug-
gests a sequential mechanism in the actions
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of the agonist: it appears that the response
mediated by H,-receptors depends upon
H,-receptor stimulation.

This would account for the monophasic
response to histamine in the presence of
metiamide, contrasted with the biphasic
one in the presence of mepyramine. This
would also explain the action of H;-ago-
nists: since both 2-thiazolylethylamine and
2-methylhistamine possess significant H,-
agonist activity, the stimulation they elicit
is probably mediated by activation of H,-
receptors followed by that of H,-receptors.
Thus, their relative potencies are interme-
diate between the corresponding values on
homogeneous populations of H;- and H,-
receptors (Table 1). This interpretation is
strengthened by the observation that the
relative potency of 2-thiazolylethylamine
becomes almost identical to its relative po-
tency on typical H;-receptors when H,-re-
ceptors are stimulated by a supramaximal
concentration of dimaprit, a pure H»-ago-
nist. It would also account for the complete
inhibition by metiamide of the effect of the
H;,-agonists (Fig. 3), also reported by others
(12, 26).

The necessity of a preliminary stimula-
tion of H,-receptors to observe the H,-re-
ceptor-mediated effect also explains why
responses to H,-agonists can be found only
in slices from brain regions in which an H,-
mediated response is observed (29). Fur-
thermore the relative importance of the
responses mediated by H;- and H.-recep-
tors, respectively, appears to be the same
in the various areas of the guinea-pig brain
in which histamine stimulates cyclic AMP
accumulation: in all cases 50 nM mepyra-
mine inhibits by approximately 50% the
response to 0.1 mm histamine.”

The involvement of H,-receptors in the
stimulation of cyclic AMP accumulation in
slices is evident from our studies, but the
exact mechanism of their action is not en-
tirely clear at the present time. While a
typical H.-receptor appears to be directly
coupled to an adenylate cyclase both in
brain (7, 8) and in peripheral tissues (19, 30,
31), such evidence is lacking for H,-recep-
tors. Therefore one could speculate that the

? Manuscript in preparation.
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H,-receptor mediated effect is an indirect
one resulting from i) an increased efficiency
of the coupling between the H,-receptor
and the catalytic unit, ii) a decreased break-
down of cyclic AMP synthesized in the
slices via Hj-receptor stimulation, iii) the
release of a messenger producing one of the
above effects, a likely candidate for this role
being adenosine (12). It could also be hy-
pothesized that histamine receptors in
brain all belong to the Hs-class but that,
upon stimulation, a fraction of the receptor
molecules undergoes a conformational
change leading to the appearance of char-
acteristics of H,-receptors. A temperature-
dependent interconversion of H;- and H,-
receptors has already been suggested (32).
Whatever the exact mechanism involved,
our observations suggest that H,-receptors
are involved in the action of histamine on
target-cells in brain and that the well-
known sedative actions (28) of most classi-
cal antihistamines, i.e., H;-antagonists,
could be due to an inhibition of histami-
nergic transmission.

REFERENCES

Kakiuchi, S. & Rall, T. W. (1968) Mol. Pharma-
col., 4, 367-378.

2. Ash, A. S. F. & Schild, H. O. (1966) Brit. J.
Pharmacol. Chemother., 27, 427-439.

3. Black, J. W.,, Duncan, W. A. M, Durant, C. J.,,
Ganellin, C. R. & Parsons, E. M. (1972) Nature,
236, 385-390.

4. Daly, J. (1975) in Handbook of Psychopharma-
cology Vol. 5, (Iversen, L. L., Iversen, S. D. &
Snyder, S. H,, eds.), pp. 47-130, Plenum Press,
New York.

5. Nathanson, J. A. (1977) Physiol. Rev., 57, 157-256.

6. Schwartz, J. C. (1977) Ann. Rev. Pharmacol. Tox-
icol., 17, 325-339.

7. Hegstrand, L. R., Kanof, P. D. & Greengard, P.
(1976) Nature, 260, 163-165.

8. Green, J. P., Johnson, C. L., Weinstein, H. &
Maayani, S. (1977) Proc. Nat. Acad. Sci., U. S.
A., 74, 5697-5701.

9. Chasin, M., Mamrak, F., Samaniego, S. G. & Hess,
S. M. (1973) J. Neurochem., 21, 1415-1427.

10. Baudry, M., Martres, M. P. & Schwartz, J. C.
(1975) Nature, 253, 362-363.
11. Rogers, M., Dismukes, K. & Daly, J. W. (1975) oJ.

—

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.
25.

26.

27.

28.

30.

31.

32.

PALACIOS ET AL.

Neurochem., 25, 531-534.

Dismukes, K. R., Rogers, M. & Daly, J. W. (1976)
J. Neurochem., 26, 785-790.

Nahorski, S. R., Rogers, K. J. & Smith, B. M.
(1974) Life Sci., 15, 1887-1894.

Brown, B. L., Albano, J. D. M., Ekins, R. P,,
Sqherzi, A. M. & Tampion, W. (1971) Biochem.
J., 121, 561-563.

Lowry, O. H., Rosebrough, N. J., Farr, A. L. &
Randall, R. J. (1951) J. Biol. Chem., 193,
265-275.

Parker, R. B. & Waud, D. R. (1971) J. Pharmacol.
Exp. Ther., 177, 1-12.

Parsons, M. E,, Owen, D. A. A, Ganellin, C. R. &
Durant G. J. (1977) Agents and Actions, 7,
31-37.

Durant, G. J., Ganellin, C. R. & Parsons, M. E.
(1975) J. Med. Chem., 18, 905-909.

Johnson, C. L. & Mizoguchi, H. (1977) J. Phar-
macol. Exp. Ther., 200, 174-186.

Ariens, E. J. (1964) in Molecular Pharmacology,
Vol. 1, Academic Press, London & New York.

Black, J. W., Durant, G. J., Emmett, J. C. &
Ganellin, C. R. L. (1974) Nature, 248, 65-67.

Arunlakshana, O. & Schild, H. O. (1959) Brit. J.
Pharmacol. Chemother., 14, 48-58.

Triggle, D. J. & Triggle, C. R. (1976) in Chemical
Pharmacology of the Synapse, pp. 406-416, Ac-
ademic Press, London, New York & San Fran-
cisco.

Roth, F. E. (1961) Chemotherapia, 3, 120-127.

Black, J. W. (1976) in Receptors and Cellular
Pharmacology (Tuomisto, J. & Paasonen, M.
K., eds) pp. 3-15, Pergamon Press, Oxford.

Nahorski, S. R., Rogers, K. J. & Smith, B. M.
(1977) Brain Res., 126, 387-390.

Trendelenburg, U. (1960) J. Pharmacol. Exp.
Ther., 130, 450-460.

Goodman, L. S. & Gilman, A. (1975) in The Phar-
macological Basis of Therapeutics, ed 5, pp.
589-613, MacMillan Publishing Co., Inc., New
York.

. Schwartz, J. C., Palacios, J. M., Barbin, G., Quach,

T. T., Garbarg, M., Haas, H. L. & Wolf, P. in
Histamine Receptors (Yellin, T. O., ed.) Spec-
trum, New York, in press.

Antilla, P., Lucke, C. & Westermann, E. (1976)
Naunyn Schmied. Arch. Pharmacol., 296,
31-36.

Ruoff, H. J. & Sewing, K. F. R. (1976) Naunyn
Schmied. Arch. Pharmacol., 294, 207-208.

Kenanin, T. P., Krueger, C. A. & Cook, D. A.
(1974) Nature, 262, 54-55.





