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STIMULATION of phosphoinositide hydrolysis in myocardi-
um from autoimmune myocarditis mice by ThEA and
histamine was assayed. Myocardium from autoimmune
heart, but not the normal forms, specifically increased
phosphoinositide turnover in the presence of hista-
minergic agonists. This increment was blocked by a

specific H1 antagonist mepyramine and to the same extent

by the phospholipase C inhibitor NCDC. By using a

binding assay H1 histaminergic receptors were detected
in autoimmune heart membrane preparations, but this was
not observed in normal heart. These data suggest that
autoimmune myocardium expressed a functional H1
receptor that could involve a distinctive mechanism
operating in the disease.
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Introduction

Histamine is associated with mast cells in almost
all tissues1’2 and its long established role as a

mediator of inflammation led to its general
description as an autacoid or local hormone.

In addition to histamine’s familiar role as a

mediator of immediate hypersensitivity or a

modulator of myocardial function, the amine has
also recently been shown to have potentially specific
actions on the immune response.3 Histamine’s
immune modulatory role has been associated with
the ability of basophils and mast cells to synthesize
and release it at sites of lymphocyte storage,
affecting directly the function of different subsets of
lymphocytes.4

In previous work5-7 the authors have shown that
hyperimmunization of mice with homologous heart
tissue led to an experimental autoimmune myo-
carditis. The myocardium from autoimmune
myocarditis mice exhibited inflammatory lympho-
mononuclear infiltration and contractile alterations,
which at least in part were generated by the release
of endogenous SRS-A as a result of the
hyperimmunization.5’6 This cardiac dysfunction of
autoimmune myocarditis heart, could also be
associated with the release of histamine, since
diphenhydramine, an inhibitor of histaminergic
receptors, reversed the cardiac dysfunction trig-
gered by lymphocyte infiltrates. Additionally, the
contribution of histamine to the dysrhythmia,
tachycardia and decrease in contractility that are

present in the immediate hypersensitivity reaction
of heart induced by antigen-antibody interaction,
has been also documented.8

As histamine is released in the first stage of
inflammation and during different immunological
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reactions, the heart may be exposed during this
process to rather low concentrations of the amine.
This could be enough to modify the biological
behaviour of the autoimmune heart by activating
mainly the H1 receptors, since H2 receptors of
autoimmune heart are activated only by high
concentrations of the amine.9

It is known that activation of H1 receptors
stimulates the hydrolysis of phosphoinositides
(PIs).1 The hydrolysis of PIs results in the
formation of two putative second messengers,
inositol triphosphate (IP3) and diacylglycerol
(DAG).1’2 IP3 and DAG act through intracellular
signal transduction, altering the physiological
behaviour in a variety of tissues.3 The role of the
PIs hydrolysis products as a consequence of H1
histaminergic agonist actions on heart with
autoimmune myocarditis, is still unknown.
The aim of the present work was to explore

whether histaminergic agonists stimulate the
hydrolysis of PIs in myocardium from autoimmune
myocarditis mice through the activation of H1
receptors, and if so, to confirm from a pharmacolo-
gical point of view the expression of H1 receptors
in this experimental model.

Materials and Methods

Animals and schedule of immunization" CF1 mice
45-days-old were used in this study. They were
separated into three groups of the same age: (1)
immunized with isogenic myocardium and adju-
vant; (2) immunized with adjuvant only; and (3)
non-immunized (normal). Groups 2 and 3 were
used as controls. Immunization procedures were
carried out as reported previously.4 Briefly, hearts
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were carefully removed and homogenized in
phosphate buffer solution (PBS) at 4C. Tissue was
filtered and half of this preparation was heated at

80C for 15 min to enhance immunogenicity, cooled
and mixed with the other half. Protein concentra-
tion was adjusted to 20 mg/ml and emulsified with
an equal volume of Freund’s Complete Adjuvant
(FCA) (Oibco Lab). This preparation (0.4 ml) was

injected subcutaneously on both sides of the dorsal
region and a booster dose of similar characteristics
was repeated 21 days later. Animals were sacrificed
on day 40. Group 2 was injected in the same way
but 0.2 ml of PBS replaced the tissue homogenate.
Immunization was assessed by histological studies
on heart slices from each group, by indirect
immunofluorescence to detect circulating reactive
antibodies on cryostat heart, and by primary
myocardial culture and electrocardiographic stu-

dies. Eighty-nine per cent (n 25) of animals
immunized with heart (Group 1) showed diffuse
and focal lymphomononuclear infiltrate in atria and
ventricles; antibodies reactive with murine heart
and with primary myocardial cultures of foetal rats

(titres being always higher than 1/300); and
electrocardiographic alterations consisting of an
enlargement of the QRS complex. Animals from
Groups 2 and 3 did not show any alterations in
these parameters. These data are similar to those of
previous reports.

Binding assay: [3H]-mepyramine (pyrilamine, [pyr-
idinyl-5-3H]) (New England Nuclear/Dupont sp.
act. 25 Ci/mmol) binding to mouse cardiac
membranes was performed essentially as described
previously. 16-18 This radioligand has been widely
used to characterize H1 receptors in various
tissues. 19 Fresh dissected hearts from control and
autoimmune mice were freed from connective
tissue, fat, great vessels and blood, and then
homogenized at 4C in 10 volumes of 5 mM
Tris-HC1 pH 7.4, 1 mM MgCI2 and 250 mM sucrose
in an Ultra-Turrax at settings 4, 8 and 10 for 15 s
each. The homogenate was twice centrifuged at

4C and 3 000 x g for 10 min. Supernatants were
sequentially spun at 10000 xg 10min and
40 000 x g 90 min, the resulting protein concentra-

tion adjusted to 3.0 mg/ml approximately.
The membrane suspension (200-300 #g protein)

and various concentrations (0.2-8 nM) of [3H]-
mepyramine were incubated in the above-men-
tioned Na+-K+ phosphate buffer at 25C for
30 min in a final volume of 150 #1 in the presence
or absence of 10/.tM mepyramine to assess specific
binding, which is 62% at [3H]-mepyramine from 0.2
to 8 nM either in adjuvant treated or autoimmune
cardiac membranes. Incubations were stopped by
addition of ice-cold Na+-K+ phosphate buffer
followed by rapid filtration on Whatman GF/c

under mild pressure. Filters were washed with 10 ml
of the same buffer, placed into vials and counted in
Triton-toluene based scintillation cocktail in
Beckman scintillation counter model with 65%
efficiency. Equilibrium dissociation constant (Kd)
and the maximal number of binding sites (Bmax)
were calculated using Scatchard analysis. Competi-
tion assays were run similarly, except that five
concentrations of various drugs were included in
the same incubation volume with [3H]-mepyrarnine
which was fixed at 5 nM.

Measurement of total labelled inositol phosphate: Water
soluble inositol phosphate (IP) was extracted after
120min incubation following the method of
Berridge2 and Gorelik et aL2 Atria were quickly
washed with Krebs-Ringer bicarbonate solution
(KRB) composed as follows in mM: NaCl 120.50;
KC1 4.83; CaC12 1.22; KHiPO4 1.21; MgSO4 1.34;
NaHCO3 24.50; glucose 5.5 and homogenized in
0.3ml of KRB with 10mM LiC1 and 2ml
chloroform/methanol (1:2) to stop the reactions.
Then chloroform (0.62 ml) and water (1 ml) were
added. Samples were centrifuged at 2 000 x g for
15 min, and the aqueous phase of supernatants
(1-2 ml) was applied to a 0.7 ml column of Bio-Rad
AG (1 x 8) anion-exchange resin (100-200 mesh)
suspended in 0.1 M formic acid which was

previously washed with 10 mM Tris-formic pH 7.4.
The resin was then washed with 20 volumes of
5 mM myo-inositol followed by 6 volumes of water.
PI were eluted with 1 M ammonium formate in
0.1 M formic acid. Fractions of 1 ml were recovered
and radioactivity was determined by scintillation
counting. Peak areas were determined by triangula-
tion. Results, corresponding to the second peaks,
were expressed as cpm/mg tissue wet weight. In
oi:der to determine the absence of [3H]-myoinositol
([3H]-MI) in the eluted peaks of IPs, chroma-
tography using silica gel 60 F254 sheets (Merck)
was performed using propan-2-ol/6N NH4OH
(14:5) as developing solvent.22 Spots were located
by spraying with freshly prepared 0.1% ferric
chloride in ethanol, followed, after air-drying, with
1% sulphosalicylic acid in ethanol as described.22 To
assay the radioactivity, a histogram was constructed
by cutting up the sheet gel, placing each sample in
Triton-toluene based scintillation fluid and then
counting.

Drugs: Histamine, cimetidine, mepyramine, diphen-
hydramine and 2-nitro-4-carboxyphenyl-N,N-
diphenylcarbamate (NCDC) were obtained from
Sigma Co, St Louis, MO, USA). The 2-
thiazolylethylamine (ThEA) was kindly provided
by Smith Kline Laboratories (Philadelphia, USA).
The drugs were freshly prepared in distilled water

except for NCDC where the stock solution was
prepared in dimethylsulphoxide. The drugs were
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diluted in the bath to achieve the final molar
concentration indicated in the text.

Statistics: Student’s t-test for unpaired values was
used to determine the levels of significance.
Differences between means were considered signifi-
cant ifp < 0.05.

Results

Formation of inositol phosphates (IPs) stimulated by H1
receptor agonists: To analyse the action of ThEA on

phospholipase C (PLC) induced intracellular second
messengers in cardiac tissue from autoimmune
myocarditis mice, atria were incubated with
radiolabelled MI precursor in the presence of

8 12 16 20 24

Fraction

FIG. 1. ThEA effect on the formation of IPs. CF1 mouse atria were
incubated for 120 min with #Ci [3H]-MI and 10 mM LiCI. During the
last 45 min of incubation ThEA was added. Anion-exchange chroma-
tography of r3H]- M and its derived radiolabelled products were obtained
in the presence (OmO) or absence (C)mC)) of 5 x 10-9 M ThEA. Peaks
eluting with 5 mM myoinositol (first peak) and with M ammonium
formate (second peak) are displayed. Values represent the amount of
radioactivity for each experimental condition as cpm/mg tissue wet
weight. Each set of data is the mean of five independent experiments
-I- S.E.M. p < 0.001 vs. control and ThEA by one-way analysis of variance
and the Student-Newman-Keuls test.

10 mM LiC1 and water soluble IPs formed in the
presence and absence of ThEA, were subjected to

anion-exchange chromatography. Two fractions
were collected, one corresponding to 5 mM
myo-inositol washing (first peak) that contains the
remaining 3H-MI, and the other corresponding to

1 M ammonium formate elution (second peak) that
contains total IPs, namely IP3, inositol bispho-
sphates (IP2) and with accumulation of IP and
inositol 1,2-cyclic monophosphate (clP) as de-
scribed previously.9’2 The H1 histaminergic agonist
(ThEA) was capable of producing a significant
increase in the second peak with respect to basal
values. Triangulation areas of the second peaks
were basal 3.60 cm and ThEA 7.80 cm (Fig. 1). No
modification of the first peak was observed,
indicating that ThEA increased cardiac PI turnover,
since it could augment IP formation without
affecting incorporation of 3H-MI into the tissue
(Fig. 1).

Fig. 2 left panel, shows that ThEA was able to

significantly increase the second peak in myo-
cardium from autoimmune myocarditis mice in a
concentration dependent manner. In contrast,
ThEA, at all concentrations tested, had no effect on
myocardium from adjuvant treated or normal mice.
As shown in Fig. 2 right panel, the stimulatory
effect of ThEA on myocardium from autoimmune
mice was time dependent beginning at 15 min and
reaching the maximal effect at 45 min. ThEA used
at the same concentrations as indicated for
autoimmune myocardium had no effect on heart
from adjuvant treated or normal mice at all time
points tested.
To confirm that the second peak was not

contaminated with 3H-MI, the peaks obtained in the
presence or absence of ThEA were studied by
chromatography using 3H-MI, IP3, IP2 and distinct
IP (inositol 1-monophosphate I1P, inositol 2-
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FIG. 2. Dose-response curve (left panel) and time-course (right panel) of ThEA action on formation of IPs by atria from autoimmune
(O--@), adjuvant treated (O--O) and normal (/m/) mice. Values represent the amount of radioactivity expressed as cpm/min tissue
wet weight. Atria were exposed during 45 min with each concentration of ThEA (left panel). Results are mean -I-S. E. M. of six independent
experiments in each group.
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FIG. 3. Silica gel sheet ascending chromatography analysis of peaks eluted on anion-exchange chromatography. Propan-2-ol/6 N
NHiOH (14:5) was used as developing solvent for ascending chromatography performed as described in Materials and Methods. All
compounds were applied in 10/g amounts. [3H]-MI was diluted 100 times and 2 #1 were applied using unlabelled myoinositol (MI)
as carrier. For the first and second peaks, aliquots of 200/d were separated prior to scintillation counting of eluted fractions, and those
with the greatest amount of radioactivity were chosen for chromatographic analysis. Where indicated, the second peak products were
applied using MI or a pool of inositol monophosphate (IP) as carriers. The following standards were used: inositol bisphosphate
(IP2), inositol trisphosphate (IP3), inositol-l,2-cyclic monophosphate (clP), inositol-l-monophosphate (I1P) and inositol-2-
monophosphate (12P). The histograms show serial cm strip counting of the radioactivity from radiolabelled standard MI, first and
second peaks. S.F., solvent front; I-q, origin.

monophosphate I2P and inositol 1,2-cyclic mono- 800

phosphate clP) as standards. As shown in Fig. 3
the products of the second peak gave rise to a spot -having the same R value as that of cIP, while those ._ 600

of the first peak remain at the origin. As can be seen
from the radioactivity measurements illustrated by

o) 400the bars in the histogram (Fig. 3), 3H-MI remains E
at the origin; however, the radioactivity corre- "sponding to the second peak was eluted only where oo
IPs were used as carrier. -In order to investigate the nature of histarni-
nergic receptors that participate in this phenome-
non, the action of ThEA was assayed in the
presence of H1 and H2 antagonistic receptor drugs,
and was compared with the histamine effect. As seen
in Fig. 4 left panel, cimetidine did not affect ThEA
action upon stimulation of PI turnover, but it was
significantly diminished by mepyramine, pointing
to the participation of H1 receptors in this action.
Figure 4 right panel also shows that histamine
mimics the H1 effect of ThEA, although lower

320 Mediators of Inflammation. Vol 2.1993

Stimulation of PI turnover
by ThEA

Stimulation of PI turnover
by histamine

FIG. 4. H1 receptor participation on the stimulation of PI turnover by
ThEA (left panel) and histamine (right panel) on autoimmune
myocarditis atria. Action of different inhibitory agents. CF1 mice atria
were incubated during 120 min with [3H]-MI and for an additional
30 min in the presence of different inhibitors: 10-SM pyrilamine (),
10-s M cimetidine (.) or 5 x 10-6M NCDC (1). Tissues were then
left for a further 45 min in the absence (basal) (,) or in the presence of
5 x 10-9 M ThEA or 10-8 M histamine (). Results are mean _S.E.M.
of six experiments in each group, p< 0.001 vs. basal and ThEA or
histamine.
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levels of IPs following H1 receptor stimulation was
obtained.
To demonstrate that ThEA and histamine

mediated hydrolysis of PIP2 depends on PLC
activation, the action of 5 x 10-6 M NCDC, a PLC
inhibitor, was studied. Fig. 4 shows that the effect
of ThEA and histamine on PI turnover was
abrogated by NCDC, indicating that this enzyme is
involved in the reaction. None of the antagonistic
drugs used modified, per se, the basal values of PI
(data not shown).

Characterization of H1 receptor population on myocardium
from autoimmune mice" In order to identify histami-
nergic H1 receptors on mice cardiac membranes,
binding studies were carried out with [3H]-
mepyramine on normal, adjuvant treated and
autoimmune myocardium. In autoimmune heart
preparations [3H]-mepyramine bound to high
affinity binding sites, demonstrable by Scatchard
analysis of saturation curves. The values of total
binding sites (Bmax) was 20 q- 1.3 fmol/mg/protein
and the equilibrium dissociation constant (Kd) was
0.30 0.02 nM. The Ki values calculated from
competition curves of histaminergic agonists and
antagonists, showed an order of potency similar to
that of H1 histaminergic compounds with a rather
lower affinity for mepyramine and higher for ThEA
(Fig. 5). It is important to note that Kd values
calculated for autoimmune H1 receptors expressed

20

Concentration (M)
FIG. 5. Competition curves of histaminergic agonists and antagonists with
[3H]-mepyramine (Mep) on heart membranes from autoimmune mice.
Assays were performed at a [3H]-Mep concentration of 0.5 nM and
different concentrations of unlabelled mepyramine ((C)--(C)), diphenhy-
dramine (O--O), ThEA (I-Iml-I), histamine (,--) or cimetidine
(/k--/k). Each point represents the mean -t-S.E.M. of five experiments
performed in duplicate.

on heart membranes, correlated to the nanomolar
concentration of the maximal effect displayed by
ThEA in the stimulation of P1 turnover.
On the other hand, heart membranes from

adjuvant treated animals, displayed a H1 receptor
population with a rather high value of Ka
(1.80 _+ 0.1 nM) and Bma (31 __+ 2 fm01/mg/pro-
tein); but neither ThEA nor histamine were able to

compete with the radioligand at a concentration
lower than 1 x 10-SM. The Ki values for
diphenhydramine and mepyramine were 72 and
75 nM respectively. Non saturable binding was
detected in cardiac membranes from normal mice.

Discussion

In the present study it has been demonstrated that
histamine and ThEA induced hydrolysis of
phosphoinositide in myocardium from autoimmune
myocarditis mice without effect on adjuvant treated
and normal heart. The histaminergic agonist
induced phosphatidylinositol breakdown was
blocked by the H1 antagonist mepyramine, but
remained unchanged with the H2 antagonist
cimetidine, indicating that the PI hydrolysis
induced by histamine and ThEA is entirely
mediated by H1 receptors.

According to the current hypothesis of agonist
stimulated phosphatidylinositol-bisphosphate me-

tabolism,11 these findings suggest that histamine
binds to cardiac H1 receptors, activates a

phospholipase C and results in the hydrolysis of
phosphatidylinositol-bisphosphate to yield IP3 and
DAG, as it was observed in most tissues. 13

Although active H1 receptors could not be found
in hearts from normal mice, the occurrence of these
receptors in myocarditis heart appears to be
distinctive of mice with hyperimmunized hearts.
The presence of H1 receptor on autoimmune

myocardium was confirmed through ligand binding
studies with [3H]-mepyramine. Hyperimmune myo-
cardium expresses H1 receptors that cannot be
recognized in normal heart. The high affinity
receptor displayed by autoimmune heart, is similar
in both quality and number to that reported in
guinea-pig heart. 17 The H1 receptors present in
autoimmune myocardium appeared to be in an
active state, since they are able to react with the
specific H1 agonist modifying the phosphoinositide
turnover of the autoimmune heart.
The appearance of H1 receptors in autoimmune

myocardium seems to be due to the hyper-
immunization with heart antigens, since those
receptors present in adjuvant treated heart have low
affinity. They are not active as they were unable to

mediate agonist response.
It is important to note that the Ka value

calculated by binding assays correlates to the H1
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agonist concentration required to produce the
maximal effect on phosphoinositide hydrolysis in
autoimmune myocarditis mice, pointing to a
specific coupling of these receptors to an H1 agonist
response.
The fact that NCDC compounds that have been

shown to inhibit phospholipase C23 abrogated
effectively the H1 agonist stimulated phosphoinosi-
tide hydrolysis, indicated that phospholipase C
mediated the reaction. These results are in
accordance with previous work showing that
phosphoinositide hydrolysis mediated by H1
receptor stimulation involved the activity of
phospholipase C in guinea-pig left atria. 1’24

The increase in phosphoinositide turnover in
response to H1 receptors stimulation is, perhaps, an
important regulatory factor that serves as a

biological effector for cardiac function in auto-
immune myocardium.
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