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Abstract—Intact cells and homogenate preparations of several lines of cultured calf-aorta smooth muscle
cells contained adenylate cyclase activity stimulated markedly (2- to 3-fold) by epinephrine, histamine
and serotonin. Pharmacological studies indicated the separate and independent nature of these three
receptor-adenylate cyclase systems. Only the epinephrine response could be blocked by propranolol
or be desensitized by pretreating with epinephrine. The serotonin-stimulated adenylate cyclase appeared
to differ from other serotonin receptor systems in that it was refractory to all of the classical serotonin
antagonists tested, with the exception of methysergide. Characterization of the histamine receptor, with
the use of various H; and H, histamine agonists and antagonists, demonstrated it to be exclusively of
the H; type. In this system, impromidine, a reported potent H, agonist, behaved as a mixed agonist—
antagonist with a strong inhibitory effect on histamine stimulation. The high sensitivity of the histamine
H; stimulated adenylate cyclase in the cultured smooth muscle cells makes this a useful system for
studies of regulation of the histamine receptor in vitro as well as for screening putative H, antagonists
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and agonists.

In most past attempts to characterize peripheral his-
tamine and serotonin receptors, isolated organ sys-
tems were used and electrophysiological variables
were examined. Using these methods, the effects of
histamine and serotonin on muscle contraction have
been investigated in a variety of species and organs,
including the rat stomach fundus [1], rabbit aortic
strips [1], guinea pig cardiac muscle {2], dog hepatic
vascular beds [3], and dog saphenous vein strips [4].
The heterogeneous cellular composition of these sys-
tems makes the assignment of a receptor to a par-
ticular cell type and the definition of molecular events
triggered by hormone or neurotransmitter stimula-
tion much more difficult. A ‘second messenger’ role
of cyclic nucleotides in mediating peripheral hor-
mones and central neurotransmission has been pro-
posed for a wide variety of systems. In this regard,
it has-been reported that histamine stimulates gastric
secretion by increasing adenosine 3',5'-cyclic mono-
phosphate (cAMP) levels in the gastric mucosa via
its interaction with H,-type histamine receptors {5].
Similarly, histamine-induced alterations in cyclic
nucleotide formation or levels appear to regulate
cardiac [6] and tracheal [7] contractions.

Although cultures of cells derived from the central
nervous system have been examined extensively for
various neurotransmitter receptors associated with
adenylate or guanylate cyclases, only a few of these
studies have concerned histamine and serotonin
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receptors [8-10]. Very little work concerning these
receptors has been carried out with cultures of cells
other than those derived from the CNS [11]. The use
of homogeneous cultured cell types with distinct
numbers of specific receptors should simplify the
study of receptors and their associated adenylate
cyclase. Cultured calf-aorta smooth muscle cells have
been compared to smooth muscle cells found in situ
with respect to biochemical and morphological
characteristics [12]. Although levels of certain
enzymes as well as some morphological and physical
characteristics are altered, these cultured cells never-
theless retain some degree of differentiation and,
thereby, provide a useful system for studies of
arterial pathophysiology [13], of glycoprotein bio-
synthesis [14], and of receptors for, and action of,
epidermal growth factor (EGF) [15, 16]. In the pres-
ent investigation, in a number of these cultured
smooth muscle cell lines, we demonstrate the pres-
ence of three independent hormone receptors for
histamine, serotonin, and epinephrine, each associ-
ated with an adenylate cyclase; we further report the
partial characterization of the histamine and sero-
tonin receptor systems.

MATERIALS AND METHODS

5-Hydroxytryptamine hydrochloride (serotonin),
6-hydroxytryptamine, N-acetyl-5 hydroxytrypt-
amine, 5-methoxytryptamine hydrochloride, N-
methyl tryptamine, tryptamine hydrochloride, his-
tamine dihydrochloride, pyrilamine maleate, L-epi-
nephrine bitartrate, pL-propranolol hydrochloride
and 2-chloro-adenosine were purchased from the
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Sigma Chemical Co. St. Louis, MO. 5-Hydroxy-N-
methyl tryptamine oxalate and IBMX were pur-
chased from the Aldrich Chemical Co. Inc., Mil-
waukee, WI. Methysergide maleate was obtained
from Sandoz Pharmaceuticals, East Hanover, NJ.
Cinanserin hydrochloride was obtained from E. R.
Squibb & Sons, Inc., Princeton, N.J. Cyprohepta-
dine hydrochloride was obtained from Merck, Sharp
& Dohme, Rahway, N.J. Metiamide, dimaprit
dihydrochloride, impromidone trihydrochloride sol-
ution, 2- and 4-methyl histamine diydrochloride, and
cimetidine were provided by Smith, Kline & French
Laboratories, Philadelphia, PA.

The various lines of calf-aorta smooth muscle cells
(XI, XII, XV, XVI and 41b) were originally derived
from the medial layer of the thoracic aorta of young
male calves. Explants from these medial layers were
grown in BME (Basal Modified Eagle Medium,
Gibco, Grand Island, NY) supplemented with 10
per cent fetal calf serum (Flow Laboratories, Rock-
ville, MD) and incubated at 37 ° in 95 per cent air—
5 per cent CO,. Cells were serially propagated in
stationary culture in this medium and were subcul-
tured by trypsinization in Puck’s saline containing
0.5 per cent trypsin-0.5mM EDTA, as described
previously [13]. Cells could be subcultured continu-
ously for sixty generations before ceasing to divide.
To ensure an adequate source of a particular cell
line, aliquots of cells of early generation (approxi-
mately 2 X 10° cells per ml of BME with 10 per cent
fetal calf serum and 7.5 per cent dimethylsulfoxide)
were frozen in liquid nitrogen. Studies were carried
out with 41b and XV cell lines, and data were pooled,
unless otherwise indicated.

Studies of cAMP formation were done with intact
cells as follows. Falcon plastic Petri dishes (60 mm
diameter) were inoculated with 2.68 x 10° cells. The
culture was grown to confluency (about 6 days) with
or without the addition of new medium on day 4
(no difference in results). Experiments were per-
formed on day 6 or 7 when confluent cultures con-
tained approximately 2 X 10° cells and 0.2-0.5 mg
protein. Before an experiment, the growth medium
was removed by aspiration. The attached cells were
gently washed two times with BME without serum
and then incubated at 37° in 1.0 ml BME without
serum, containing 0.25 mM 3-isobutyl-l-methylxan-
thine (IBMX), for 20 min. This was followed by
incubation with drug and/or hormone. The term
hormone is used loosely to describe all three biogenic
amines, even though it is recognized that these amine
effectors may not necessarily be hormones in the
conventional sense. In situ, the thoracic-aorta
smooth muscle may be affected by circulating amines
as well as by amines released locally from nerve
endings or mast cells. After the appropriate incu-
bation period (5 min unless indicated), the medium
was removed and 0.5 ml of 50 per cent acetic acid
was added. The plates were cooled on ice and then
scraped so that the suspension could be transferred
to glass tubes (10 x 75 mm). Analiquot was removed
for protein determination by the method of Lowry

* EGTA = ethyleneglycol-bis-(S-aminoethylether) N,
N’ ,-tetra-acetate.
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et al. [17]. The suspension was then centrifuged at
3000 g for 10 min to sediment cellular debris. Ali-
quots were removed, dried, and then assessed for
cAMP content by a competitive binding assay in
which *H-labeled cAMP (New England Nuclear
Corp., Boston, MA) and a rat brain fraction con-
taining protein kinase were used. This assay is a
modification of the procedure of Gilman [18].

With homogenates, assays of adenylate cyclase
activity were carried out as follows. Falcon T75 flasks
were inoculated with 10° cells and grown to con-
fluency in 6-7 days with replacement of medium
every third day. Experiments were performed on
confluent cultures containing approximately 8 x 10°
cells and 2.4 mg protein. Before an experiment the
growth medium was removed, and the attached cells
were washed and then preincubated for 30 min at
37° in BME without serum. After preincubation,
medium was aspirated and cells were lysed in 2 mM
Tris-maleate buffer (pH 7.4) containing 0.8 mM
EGTA.* Cells were scraped and transferred to a
glass homogenizer in which they were processed by
three or four strokes. Aliquots (25 ul) of the hom-
ogenate were then added to tubes containing other
assay ingredients in 75 ul of 100 mM Tris—maleate
buffer (pH 7.8). The total volume per tube, including
testing drug, was 110 uyl with (final concentration)
0.5 mMATP, 0.05 mMGTP, 1.0 mMMgCl,, 0.5 mM
IBMX, and 0.3 mM EGTA. Basal cAMP levels were
determined by subtracting cAMP values obtained in
tubes containing no ATP from tubes containing ATP
and no drug. Tubes were incubated for 5 min at 32°
in a shaking water bath; the reaction was ended by
placing the tubes in a boiling water bath for 3.5 min.
The tubes were then centrifuged at 3000 g and ali-
quots were assessed for cAMP content in the same
way as in the intact cell assay.

Inhibition constants (K;) for compounds that
antagonized the histamine- or serotonin-stimulated
increase in cCAMP formation were determined in a
set of experiments where the concentration of the
hormone was held constant and the concentration
of the antagonist was varied. The K; value was cal-
culated from the relationship of Cheng and Prusoff
[19]: K; = 1c5¢/[1 + S/K,] where ICs, = concentration
of antagonist required for 50 per cent inhibition of
the agonist-stimulated increase in cAMP formation,
S = concentration of agonist, and K, = the equilib-
rium dissociation constant for agonist. As an approx-
imation of K,, the ECs, (the concentration for half-
maximal stimulation of cAMP formation by the
agonist) has been substituted; this substitution was
made by others as well as by us in previous studies
[20-22].

RESULTS

Sensitivity of intact cells and homogenates to
hormones

Five different calf-aorta smooth muscle cell lines
were assessed for stimulation of adenylate cyclase
activity by histamine, serotonin and epinephrine. In
every cell line tested, adenylate cyclase was stimu-
lated to an appreciable extent by each of these hor-
mones. In the three cell lines studied repeatedly
(both with continuous subculturing and with reassay
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Table 1. Hormone-stimulated adenylate cyclase activity of various calf-aorta cell lines*
Increment above basal level
(pmoles cAMP/mg protein)
(A) Basal level Serotonin Histamine
Cell line N (pmoles cAMP/mg protein) (10 uM) (10 uM)

4lb 3 29=+3 71 =13 (245%) 194 + 49 (669%)
XV 4 253 75 £ 29 (300%) 219 = 36 (876%)
XVI 3 28+ 8 332 £ 27 (1185%) 214 + 56 (764%)
Increment above basal activity

[pmoles cAMP - (mg protein) ™!+ 5 min]
(B) Basal activity Serotonin Histamine
Cell line N [pmoles cAMP - (mg protein) ™! 5 min] (10 uM) (10 uM)
4lb 4 36 10 80 = 37 (222%) 92 + 34 (255%)
XV 10 489 48 * 12 (100%) 128 + 27 (267%)
XVI 4 40+ 8 75 + 18 (188%) 82 = 13 (205%)

* Cyclic AMP levels of intact cells (A) and adenylate cyclase activity in cell homogenates (B) were determined as
described in the text. N = number of separate experiments, each performed with triplicate incubations for each condition
studied. The percent stimulation above basal activity is shown in parentheses.

of cells stored for various times in liquid nitrogen),
the pattern of hormonal responsiveness was main-
tained. These patterns occurred at various cell den-
sities and throughout the life span of the culture
(Table 1).

The changes in levels of cAMP following additions
of various concentrations of histamine, serotonin
and epinephrine to intact cells and homogenates are
iltustrated in Fig. 1. In both homogenates and intact
cell preparations, significant stimulation of cAMP
levels could be induced with hormone concentrations
above 0.1 uM; at 1.0 uM each of the three hormones
stimulated cAMP production 100-300 per cent over
basal levels. In contrast, no stimulation of the adeny-
late cyclase occurred with dopamine, amphetamine,
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Fig. 1. Effects of various concentrations of histamine (A),
serotonin (B), and epinephrine (C) on the level of cAMP
in intact cells (@——@) and homogenates (O- - - - - Q).
Values represent increments in cAMP above the basal
levels that were 20 * 3 pmoles/mg protein for intact cells
and 44 * 6 pmoles/mg protein for homogenates. Incuba-
tions with hormone were for 5 min. Assays were carried
out as described in the text. For intact cell studies, the
values are the means of fourteen, twelve, and three separate
experiments for histamine, serotonin, and epinephrine
respectively. For homogenate studies the values represent
means of eleven, nine, and four separate experiments. Bar
lines represent S.E.M.

metamphetamine, or octopamine at 10 or 100 uM
concentrations. Ahn and Makman [23] have pre-
viously shown that metamphetamine and amphet-
mine, as well as dopamine and serotonin, can stimu-
late adenylate cyclase activity in homogenates of
rhesus monkey anterior limbic cortex.

Stimulation by histamine was maximal at 100uM
(data not shown). Maximum stimulation by sero-
tonin and epinephrine was observed at approxi-
mately 10 uM. With intact cells, the concentration
for half-maximal stimulation (ECs,) by histamine was
1.0 uM; the corresponding values for serotonin and
epinephrine were, respectively, about 0.04 and
0.2 uM. Only with epinephrine was there a signifi-
cantly larger stimulatory effect in homogenates than
in intact cells. The reason for this phenomenon is
unknown.

Time course of cAMP accumulation

The change with time of the cellular concentrations
of cAMP in response to the addition of 10 uM his-
tamine or serotonin is shown in Fig. 2. In each
instance, the onset of increased cAMP generation
occurred within 30 sec; the maximum generation
occurred at 3 min with serotonin and at 20 min with
histamine. The concentration of cCAMP in control
plates (no hormones added) did not change signifi-
cantly during the 20-min incubation.

Response of receptor-mediated cAMP formation after
prolonged exposure to hormone

Evidence that histamine and epinephrine recep-
tors differ in their capacity to become desensitized
is derived from hormone preincubation studies.
After a 2-h preincubation with 0.1 mM epinephrine,
intracellular cAMP levels returned to approximately
the basal (control) level. However, when the cells
were washed and treated once more with 0.1 mM
epinephrine, the increment in cAMP level, measured
5min later, was, on the average, 83 per cent less
than the increment observed with 0.1 mM epineph-
rine in cells not pretreated. In contrast, preincuba-
tion with epinephrine caused a subsequent response
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Fig. 2. Time course of stimulation of cyclic AMP formation
by 10uM histamine (@—@) and 10uM serotonin
O----- Q) in intact cells. Each value is the mean of three
separate experiments, each carried out in triplicate as
described in the text. The basal level of cAMP (13 = 3
pmoles /mg protein) did not vary during the 20-minute
incubation period. Bar lines represent S.E.M.

to histamine to be reduced by only 26 per cent.
Similar studies involving preincubation with hista-
mine indicated that the histamine receptor was
resistant to desensitization. Thus, a 2-hr preincu-
bation with 0.1 mM histamine led to only a 30 per
cent reduction in a subsequent response to histamine,
and to a negligible reduction in a subsequent
response to 0.1 mM epinephrine.

Characterization of receptors with selective agonists
and antagonists

Epinephrine receptor. Propranolol at 10uM
inhibited the response to 10 uM epinephrine by 95 +
5 per cent without any inhibition of the response to
10 uM histamine or serotonin. The selective antag-
onism of the epinephrine stimulation of the adenylate
cylcase by this f-adrenergic antagonist is supporting
evidence for the presence of separate epinephrine
receptor sites.

Serotonin receptor. In characterization studies of
the serotonin receptor present on cultured smooth
muscle cells, it was found initially that most classical
peripheral serotonin antagonists were not able to
block the stimulation of adenylate cyclase induced
by serotonin. In contrast to the serotonin receptors
that mediate contraction of rabbit aorta strips [24],
the receptors of the cultured calf aorta were not
antagonized significantly by pizotifen or cyprohep-
tadine (tested at 10-100 uM in homogenates with
10 uM serotonin). Furthermore, the response to ser-
otonin of intact-aorta cell cultures was not inhibited
by cinanserin, molindone or lysergic acid diethylam-
ide (LSD) (tested at 10-100 uM in the presence of
10 uM serotonin). Methysergide proved to be an
exception since this classical serotonin antagonist at
10 uM produced a 40 per cent blockade of the ser-
otonin response. Moreover, methysergide caused no
inhibition of the epinephrine response (not shown)
and appeared to be about 100-fold less potent as an
inhibitor of histamine than of serotonin (Fig. 3).

To understand better the properties of this smooth
muscle cell serotonin receptor, the stimulatory
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Fig. 3. Inhibition, by various concentrations of antagonists,
of cAMP formation due to 10 M histamine (——) or 10 uM
serotonin (- - - - - ) in intact cells. Each point is the average
of at least five incubations = S.E.M. Key: metiamide
(A), methysergide (@), pyrilamine (©), and cimetidine
(X). Per cent inhibitions due to antagonist were calculated
from the following equation: per cent inhibition =

[(cAMP above basal with agonist) —
(cAMP above basal with agonist and antagonist)]

(cAMP above basal with agonist) x 100.

K; was calculated from the relationship K;= 1cs/[1 +
S/ECsg] where 1Csg = concentration of antagonist required
for 50 per cent inhibition of the agonist-stimulated increase
in cAMP formation, and S = concentration of agonist, ECsy
(concentration of agonist to give half-maximal stimulation
in the absence of antagonist) has been substituted for K,
(equilibrium dissociation constant) as described in
Materials and Methods.

effects of various serotonin analogues were com-
pared in both intact cells and homogenates. In both
preparations, 5-hydroxy-N-methyl tryptamine and
S-methoxytryptamine were stimulatory (with one to
two times the potency of serotonin at 10 and 100 uM),
whereas tryptamine, N-methyl tryptamine, N-acetyl
serotonin and 6 hydroxytryptamine gave no stimu-
lation at 10 and 100 uM. These data demonstrate the
relatively strict structural requirements for agonist
activity. Thus, a hydroxyl or methoxy group on the
5-position of the indole ring system cannot be sub-
stituted, by such groups on the 6-position, and modi-
fication of the amine nitrogen by acetylation is also
incompatible with activity.

The synergistic effects of adenosine and adenosine
analogues such as 2-chloro-adenosine on some cen-
tral monoamine response (20, 25] led us to assess
whether stimulation by serotonin of cAMP formation
in the calf-aorta cells could be potentiated by 2-
chloro-adenosine. We found no enhancement of the
response to 1 or 10 uM serotonin in the presence of
1 mM 2-chloro-adenosine. To insure that IBMX,
which is routinely added to the intact cell assay, was
not blocking this possible synergism [26], we tested
the same concentrations of compounds in the
absence of IBMX but found no potentiation.

Histamine receptor. The inhibition of the histamine
sensitive adenylate cyclase was appraised using vari-
ous receptor specific antagonists. Figure 3 illustrates
the antagonism observed under experimental con-
ditions where the concentration of histamine
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Fig. 4. Effects of various concentrations of histamine alone
(@—®) or in combination with 10 uM metiamide
(O—0) on cyclic AMP formation in intact cells. Maxi-
mum stimulation was considered to have been obtained at
0.1 mM histamine and is represented as 100 per cent. The
enzyme activity in the presence of both a given concentra-
tion of histamine and of 10 uM metiamide is expressed as
per cent maximum stimulation by histamine. The data for
metiamide are mean values and ranges for at least four
determinations. Metiamide at 10 uM alone did not appre-
ciably alter basal cAMP levels. These data have been used
to calculate K; from the relationship EC'sy/ECsp=
=1+ [1)/K;, where EC’sy and ECsy are concentrations of
histamine required to give half-maximal activation of the
enzyme in the presence or absence of metiamide, respec-
tively, and [1] is the concentration of metiamide used.

remained constant at 10 uM and the concentration
of the antagonist was varied. At no concentration
tested did any of the antagonists alter basal cAMP
levels. Low concentrations of the H, antagonists
metiamide and cimetidine, blocked the histamine-
induced cyclase, with respective inhibition constants
of 0.18 and 0.22 uM. In contrast, the H, antagonist
pyrilamine or the classical serotonin antagonist
methysergide had little inhibitory effect, with respec-
tive inhibition constants of more than 20 and 40 uM.
In another set of experiments, the concentration of
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Fig. 5. Comparison of the stimulatory effects, on histamine
stimulation, of various histamine agonists in intact cells.
Maximum histamine stimulation was considered to have
been obtained at 0.1 mM histamine and is represented as
100 per cent. Each value is an average of three experiments

performed in triplicate. Key: histamine (@—@);
4-methyl histamine (O——0); 2-methyl histamine
(X—X); dimaprit (A——A); and clonidine

(O—a0).
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metiamide was held constant and the concentration
of histamine was varied. In the presence of 10 uM
metiamide, the ECs, for histamine increased from 1.4
to 38 uM (Fig. 4). The K;was calculated to be 0.38 uM
according to the dose-ratio method of analysis of
the equilibrium dissociation constants [27].

The ability of various H, and H, specific agonists
to stimulate this histamine sensitive adenylate cyclase
was examined. Data in Fig. 5 demonstrate the
higher potency in this system of the H, agonists
dimaprit [28] and 4-methyl histamine when com-
pared to the H; agonists 2-methyl histamine or the
putative H, agonist clonidine. Whereas the H,
agonists were able to exert the same maximal stimu-
lation observed with histamine, 2-methyl histamine
and clonidine induced only 40 per cent of this max-
imal response.

It would be expected that if these agonists were
to exert their stimulatory effects via the histamine
receptor then they should be antagonized by the
same compounds that block the histamine response.
Metiamide at 100 uM completely antagonized the
stimulation due to dimaprit, 4-methyl histamine, and
clonidine (agonist tested at 10 and 100 uM).

Impromidine, a recently described H, agonist, has
been shown to be 9004800 per cent more active
than histamine at H, receptors of guinea pig atrium
and rat uterus [29]. In the calf-aorta cell system,
impromidine exerted its maximum stimulation at
1 uM; this effect, however, was only 32 per cent of
the maximal stimulation obtainable with histamine.
This stimulation by impromidine could be attributed
to interaction with the histamine receptor since it
could be completely blocked with 10 uM cimetidine.
To examine further the action of impromidine at this
histamine receptor, impromidine was added to cell
plates just prior to the addition of 10 uM histamine.
Figure 6 demonstrates impromidine’s potent antag-
onism of the histamine response. Even without tak-
ing into account the slight stimulation by impromi-
dine, the calculated K; value (0.48 uM) for
impromidine is in the range determined for both
metiamide and cimetidine and is indicative of the
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Fig. 6. Effects of various concentrations of impromidine
alone (O0——10J) or in combination with 10 uM histamine
(B——N) on cAMP formation in intact cells. Data are
expressed as percentages of the maximal stimulation of
cAMP formation produced by histamine (i.e. that obtained
with 0.1 mM histamine). Histamine alone at 10 uM pro-
duced 85 per cent of maximal stimulation (see Fig. 4). Each
value is an average of three experiments performed in
triplicate.
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strong blocking effect of impromidine at this hista-
mine receptor. This is the first report of mixed
agonist-antagonist properties of impromidine.

DISCUSSION

To our knowledge there have been only a few
reports of serotonin receptors associated with an
adenylate cyclase in cultured cells. Studies by Buon-
assi and Venter [11] indicated that serotonin leads
to an increase in both cAMP and cGMP in cultured
rabbit vascular endothelial cells, but the investigators
did not report pharmacological characterization of
the receptor. A recent investigation described the
presence of two types of serotonin receptors in NCB-
20 neuroblastoma-brain hybrid cells [10]. One type
of receptor was found to be associated with an adeny-
late cyclase whereas the other appeared to mediate
membrane depolarization and acetylcholine release.
In homogenate preparations of the hybrid cell, ser-
otonin, LSD and metergoline led to an elevation in
cAMP levels. Both the serotonin and the LSD stimu-
lation could be antagonized by mianserine and
cyproheptadine, and LSD was found to be a mixed
agonist—antagonist. The serotonin receptor present
in the neuroblastoma-brain hybrid appears to resem-
ble the serotonin receptors associated with adenylate
cyclase found in mammalian brain. Brain studies
have demonstrated the inhibitory effects of classical
serotonin antagonists on stimulation of adenylate
cyclase by serotonin in monkey anterior limbic cortex
[30], rat colliculus and rat striatum [31]. However,
these antagonists in general are not totally selective,
for they also inhibit stimulation of adenylate cyclase
by dopamine. The atypical neuroleptic drug, mol-
indone, recently has been shown to exhibit selectivity
for the brain adenylate cyclase stimulated by sero-
tonin, as opposed to the adenylate cyclase stimulated
by dopamine [32,33]. The calf-aorta serotonin
receptor appears to be quite different from the ser-
otonin receptors associated with adenylate cyclase
in brain or neuroblastoma-brain hybrid cells, as
indicated in particular by the insensitivity of the calf-
aorta receptors to LSD and molindone.

The serotonin receptors associated with adenylate
cyclase of cultured calf-aorta cells and brain recep-
tors may have in common some structural require-
ments for activation. Thus, in rat brain homogenates
[31] as well as in the studies reported here, 5S-methoxy
and N-methyl analogues of serotonin retained
activity. In contrast, several drugs which effectively
antagonized mammalian brain serotonin-stimulated
adenylate cyclase did not block the serotonin stimu-
lation in these cell cultures. Further comparative
studies will be required to better understand the
similarities and differences among these various ser-
otonin receptors.

Two types of histamine receptors have been
defined on the basis of differences in response to
antagonists [34]. Investigations carried out with tis-
sues derived from the CNS as well as from other
tissues or cell types have demonstrated coupling of
both H; and H, histamine receptors to adenylate
cyclase and in some instances to guanylate cyclase.
Histamine has been shown to elevate cAMP in sev-
eral regions of guinea pig brain via an H, receptor
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[35] and in cultured human astrocytoma cell lines
(receptor type not identified) [8], and to increase
¢GMP in cultured mouse neuroblastoma via an H,
receptor [9]. Histamine has been implicated in mod-
ulating immunological function of lymphocytes by
activating H, receptors associated with adenylate
cyclase [36]. Histamine has also been found to elev-
ate cGMP levels in cultured rabbit endothelial cells,
but the receptor type was not identified. In the
present report, an exclusively H,-type receptor
located on cultured calf-aorta smooth muscle cells
and associated solely with an adenylate cyclase has
been demonstrated. Identification of an H, histamine
receptor has depended generally on the ability of
classical H, antagonists and the inability of the H,
antagonist to block the stimulation of adenylate
cyclase by histamine and H, agonists. The average
inhibition constant of this histamine sensitive adeny-
late cyclase for metiamide based on the two methods
of determination is 0.28 uM, which is similar to the
K; value of 0.22 uM for cimetidine calculated from
data in Fig. 3. These values suggest a somewhat
greater affinity of metiamide for the H, receptor in
these cultures than has been reported for the H,
receptors in guinea pig brain (K; = 1.0 uM [21]),
guinea pig ventricular muscle (K;=1.4uM [22]),
and rat uterus (K; = 0.75 uM [37]), and perhaps are
indicative of differences in these receptors.

The antagonism observed with impromidine sug-
gests a re-examination of its stimulatory effects in
other histamine adenylate cyclase systems and pos-
sible reclassification of this drug as a mixed H,
agonist-antagonist. Structure modification of this di-
imidazole ring compound may lead to a powerful
antagonist without agonist properties. In conclusion,
the high sensitivity of the Hy-histamine adenylate
cyclase of the cultured calf-aorta smooth muscle cell
and the relative ease of measuring cAMP levels make
this system ideal for screening putative H, antag-
onists and agonists.
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