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Effect of histamine and histamine analogues on human isolated
myometrial strips
Maria Inocencia Martinez-Mir, Estan, Rubio

Departament de Farmacologia, Universitat de Valencia, Valencia, Spain

1 The effect of histamine and histamine HI- and H2-receptor agonists on isolated myometrium strips of
premenopausal women has been examined. The effect of acetylcholine was also determined.

2 Histamine, 2-pyridylethylamine, 4-methylhistamine and acetylcholine, but not dimaprit, produced a

concentration-related contractile response in human isolated myometrial strips. Histamine also produced
a further contraction in human isolated myometrial strips precontracted with KCl (55 mM).

3 The contractile response to histamine was antagonized by the histamine HI-receptor angatonist,
clemizole (0.1 AM) but was potentiated by the histamine H2-receptor antagonist, ranitidine (1O JM).
Clemizole (0.1 nM to 10 nM) competitively antagonized the contractile effect of 2-pyridylethylamine
(- log KB = 10.5 ± 0.5). The concentration-response curve for acetylcholine was displaced to the right
by atropine 0.1I M.

4 Atropine (0.1 gAM), propranolol (0.1 ,UM), prazosin (0.1 JM) and indomethacin (1 JM) failed to modify
the contractile response to histamine.
5 In human isolated myometrial strips precontracted with KCl (55 mM), clemizole at 1 JM completely
abolished the contractile response to histamine and revealed a concentration-dependent relaxation.
Dimaprit alone and 4-methylhistamine (in the presence of clemizole), produced concentration-related
relaxation with a magnitude similar to that in response to histamine. The relaxant response to dimaprit
was antagonized by ranitidine.
6 It is concluded that human isolated uterine strips possess histamine Hr- and H2-receptors: the former
mediating contraction and the latter relaxation. The predominant response to histamine in this tissue is
contraction.
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Introduction

Responses of uterine smooth muscle to histamine vary widely
between species. Thus, histamine produces contractions of
guinea-pig uterine horns, but causes relaxation of the rat
uterus. The receptors involved in these two effects are
classified as histamine Hr- and H2-receptors respectively
(Black et al., 1972; Tozzi, 1973; Goyal & Verma, 1981; Rubio
et al., 1982; Cortijo et al., 1984). However, there is little
information on the effect of histamine on the human uterus,
and previous studies reported in the literature have come to
differing conclusions. Farmer & Lehrer (1966) reported that
histamine had a contractile effect on uteri in vitro, but in
contrast Dai et al. (1982) failed to observe any effect of
histamine on spontaneous activity in isolated myometrium.
We have recently reported a contractile response to histamine
in human myometrial strips (Martinez-Mir et al., 1990) and
the object of the present investigation was to establish the
role of histamine HI- and H2-receptors in this response.

Methods

Tissues

Myometrial tissues were obtained from 60 non-pregnant
women who underwent hysterectomy for various patholog-
ical gynaecological conditions. All patients were pre-meno-
pausal and were 27-57 years of age. These women were
operated on for gynaecological conditions that did not affect
the uterus (n = 16), for uterine myoma (n = 33) and for

uterine adenomyosis (n = 11). The pathological diagnosis and
the phase of menstrual cycle were checked by histological
examination and the final diagnoses were as described pre-
viously (Martinez-Mir et al., 1990).

Isolated strips of uterus

Immediately after abdominal hysterectomy, muscle strips
from an intermediate layer were cut longitudinally from the
anterior part of the corpus of the uteri. Care was taken to
use only specimens from muscle tissue which appeared to be
non-pathological. The tissue was rapidly immersed in Jalon
solution of the following composition (in mM): NaCl 155.17,
KC1 5.68, CaC12 0.41, NaHCO3 5.95 and glucose 2.78. Sam-
ples were then transported to the laboratory. The tissue
samples were stored at 4TC until the next day. Longitudinal
muscle strips measuring approximately 2 x 3 x 35 mm were
dissected out and then suspended under a load of 1 g in a
20 ml organ bath containing Jalon solution aerated with 5%
CO2 in 02. The temperature was maintained at 31 ± 10C in
order to prevent spontaneous contractions. Isometric tension
was recorded by a Ugo Basile C 40 7010 transducer con-
nected to a Ugo Basile mod Gemini 7070 recorder. The
preparations were allowed to equilibrate in Jalon solution for
1 h before any drugs were added. At the end of the equilibra-
tion period, two different experiments were performed: (i)
concentration-response curves to histamine or other agonists
were obtained by adding the drugs cumulatively; (ii) a sub-
maximal well-maintained plateau-contraction was obtained
by adding KCl (55 mM) and then a cumulative concentra-
tion-response curve to agonists was performed as in (i). Only
one complete dose-response curve to histamine was construc-
ted for each myometrial strip, in view of the tachyphylaxis to
histamine that has been reported for the rat uterus (Tozzi,
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1973; Cortijo et al., 1984). Therefore, separate strips from the
same uteri were used in parallel experiments, one strip acting
as the control for the other. Strips were incubated with
antagonists for 15 min, before the addition of agonists. Im-
mediately after completion of the experiment, the tissue was
removed from the bath, heated at 65 ± 1VC for 24 h and then
weighed on a precision balance.

Analysis of data

Contractile responses to agonists were determined as changes
in isometric tension and transformed into tension (i.e. force
(g).g'1 tissue dry weight (gF/gW)). Relaxant responses to
agonists were expressed as the percentage inhibition of the
KCI-induced contraction.
Maximum response (Emax) and the half-maximal effective

concentrations (EC50) of agonists were calculated from con-
centration-response curves by fitting the experimental data to
a logistic equation by non-linear regression analysis (Graph
Pad Software; San Diego, California, U.S.A.). The pA2 value
was calculated according to the method of Arunlakshana &
Schild (1959) as previously described (Aguilar et al., 1986).

All data are given as mean ± s.e.mean. Significance of
differences was assessed with either a paired or unpaired
Student's t test at a 5% significance level.

Drugs

The following drugs were used: acetylcholine chloride, atro-
pine sulphate, histamine dihydrochloride, propranolol hydro-
chloride and ranitidine hydrochloride (Sigma Chemical Co
St. Louis. MO U.S.A.), dimaprit, 4-methylhistamine dihydro-
chloride and 2-pyridylethylamine dihydrochloride (Smith-
Kline Beecham R & D), clemizole hydrochloride (Schering
Espaiia SA), prazosin hydrochloride (Pfizer), indomethacin
(Liade). All drugs were prepared in Jalon solution before
being added to the bath. The histamine stock solution was
adjusted to pH = 7.4 with sodium hydroxide. Stock solutions
of indomethacin were prepared in absolute ethanol; the final
concentration of ethanol in the organ bath has been shown
previously not to alter either the baseline tension or the
drug-induced responses (Fuchs & Fuchs, 1973).

Results

Contractile effects of agonists on human isolated
myometrium in the resting state

Concentration-response curves for histamine, 2-pyridylethyl-
amine, dimaprit, 4-methylhistamine and acetylcholine are
shown in Figure 1. With the exception of dimaprit, all
agonists produced concentration-related contractions of hu-
man uterine strips.

Histamine increased the force of contraction with a max-
imum of 48.9 ± 3.6 gF/gW. The EC50 value was 40.2 ± 10.6 JiM
(n = 60). The histamine receptor agonists, 2-pyridylethyl-
amine and 4-methylhistamine also produced a contractile
effect of isolated myometrial strips. 2-Pyridylethylamine ap-
peared to be a partial agonist (Ema, = 30.1 ± 7.2; EC50 =
14.5 ± 6.6 JAM), while 4-methylhistamine produced an ap-
preciable response only at concentrations > 0.1 mM and even
at 1 mM the response was much less than that to histamine.
The selective histamine H2-receptor agonist, dimaprit, up to
0.1 mM, had no apparent effect.
The myometrial force of contraction was also increased in

a dose-related manner by acetylcholine. It reached a max-
imum effect of 31.3 ± 6.7 gF/gW. The EC50 value was 4.1 ± 1.5
Jm. The response to 55 mM KCl was 53% of the maximum
induced by histamine (Figure 1).
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Figure 1 Concentration-response curves to histamine (n = 60) (U),
2-pyridylethylamine (n = 6) (@), 4-methylhistamine (n = 6) (V),
dimaprit (n = 6) (0) and acetylcholine (n = 8) (A), and contractile
response to K+ 55 mm (n = 15) (histogram) in human isolated
myometrial strips. gF/gw= force(g).g` tissue dry weight. n is the
number of experiments. The curves for histamine, 2-
pyridylethylamine and acetylcholine are the best-fit lines calculated
as described under Methods.

Effect of antagonists

The histamine HI-receptor blocker, clemizole (0.1 JM), shif-
ted the concentration-response curve for histamine-induced
contraction to the right without any significant change in the
maximum response. Ranitidine (1 JM), a selective histamine
H2-receptor antagonist, did not modify the contractile effect
of histamine, but 10JM ranitidine displaced the histamine
concentration-response curve to the left (Figure 2).
The contractile response to histamine was not significantly

altered by propranolol (0.1 JAM), prazosin (0.1 gM), atropine
(0.1 JAM) or indomethacin (1 LM). The EC50 values were:
49 ± 39 M; 20 ± 7gM; 42± 4JM and 22 ± 12 M, respec-
tively; the EC, value for the control group was 25 ± 10 tM.
The histamine HI-receptor antagonist, clemizole (0.1 nM to

10 nM), produced a parallel shift of concentration-response
curves for 2-pyridylethylamine to the right, without affecting
the maximal response. A Schild plot is shown in Figure 3.
The slope of regression line was not significantly different
from unity (0.96 ± 0.10) and the - log KB value obtained for
clemizole was 10.5 ± 0.5.
The muscarinic receptor blocker, atropine (0.1 AM), shifted

the concentration-response curve for acetylcholine to the
right increasing the EC50 333 fold (n = 6), without any
modification in the maximal effect. The dissociation constant
calculated for atropine was 0.6 nM.

Relaxant effects of agonists on human isolated
myometrium precontracted with KCI

Relaxant effects of histamine were investigated by cumulative
addition to isolated myometrial strips precontracted with
KCL. As shown in Figure 4a, histamine at low concentrations
(0.01, 0.1 and 1 JAM) did not modify the K+-induced contrac-
tions, but higher concentrations of histamine (10 JAM to
1O mM) produced a further contraction.

Clemizole, 1 JAM, acting alone, had a relaxant effect
(21.6 ± 7.2%) on the contraction produced by 55 mM KCl.
After blockade of the histamine Hi-receptor with clemizole,
the contractile effect of histamine was abolished and a relaxa-
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Figure 2 Concentration-response curves to histamine in human
isolated myometrial strips. Control (n = 24) (U); in the presence of
I JM (n = 8) (A) and 10 JM (n = 8) (V) ranitidine; in the presence of
0.1 JAM clemizole (n = 8) (@). gF/gW = force(g).g-' tissue dry weight.
n is the number of experiments. The curves for histamine, 2-
pyridylethylamine and acetylcholine are the best-fit lines calculated
as described under Methods.
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Figure 3 Schild plot of the antagonism by clemizole of the response
to 2-pyridylethylamine. The line drawn was calculated by linear-
regression analysis.

tion response observed (Figure 4a). 4-Methylhistamine in the
presence of 1 JAM clemizole also relaxed K+-precontracted
strips (Emax = 24.5 ± 6.1 %; EC50 = 9.9 ± 8.6 IAM).

Dimaprit produced a concentration-related relaxation of
isolated uterine strips depolarized with K+. The ECQ0 value
was 18.2 ± 10.3 JM and the maximal effect was 31.7 ± 8.1%.
Ranitidine 1 JAM produced a significant decrease in the relax-
ant response to dimaprit and 10 JM rantidine abolished it
(Figure 4b).
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Figure 4 (a) Concentration-response curves to histamine alone
(n = 6) (U), histamine in the presence of I JLM clemizole (n = 6) (@)
and 4-methylhistamine in the presence of I JAM clemizole (n = 6) (v)
in human isolated myometrial strip precontracted with KCI (55 mM).
The response is expressed as a percentage of the response to KCl
alone or KCl plus clemizole. (b) Concentration-response curves to
dimaprit alone (n = 6) (0), dimaprit in the presence of I JAM (n = 6)
(V) and 10 JAM (n = 6) (A) ranitidine in human isolated myometrial
strip precontracted with KCl (55 mM). n is the number of
experiments. The curves for 4-methylhistamine in the presence of
I JAM clemizole, dimaprit alone and dimaprit in the presence of 1 JAM
ranitidine are the best-fit lines calculated as described under
Methods.

Discussion

We have demonstrated that histamine causes a dose-depen-
dent contractile effect in human isolated myometrial strips
both in the resting and submaximally precontracted states of
the tissue. However, after blockade of histamine H1-recep-
tors, histamine produced a slight inhibitory effect in strips
precontracted by KCI. The contractile effect of histamine
observed in this study resembles that described by Goyal &
Verma (1981) in guinea-pig isolated uterus, where histamine
produced a dose-related contraction with a similar potency.
Our results also confirmed those described by Farmer &
Lehrer (1966) in human isolated myometrium, although a
comparative analysis of the findings is difficult because the
authors did not give the details of their experimental proce-
dure and used only single doses of histamine. In contrast, our
results do not accord with the observations of Dai et al.
(1982), who showed that histamine did not influence the
spontaneous activity of human isolated myometrial strips.
Isolation of the strips from uteri in different phases of the
oestrus cycle does not explain the discrepancy, since we have
previously found no significant changes in the contractile
uterine effect of histamine during the menstrual cycle (Mar-
tinez-Mir et al., 1990). On the other hand, the contractile
responses to acetylcholine and potassium that we observed
agree well with previous findings in human uterus (Sandberg
et al., 1957; Nakanishi & Wood, 1971; Sanger & Bennet,
1981). Moreover, the antagonism of the response to acetyl-
choline by atropine is in accord with binding studies in this
tissue (Vauquelin et al., 1984). The lack of modification by
muscarinic, x- and P-adrenoceptor blockade and prostaglandin
synthesis inhibition of the contractile response to histamine,
argues against the participation of endogenous acetylcholine,
catecholamines and prostaglandins and indicates that this
effect is probably due to a direct stimulation of histamine
receptors. The fact that the dose-response curve to histamine
was shifted to the right by clemizole (0.1 AM) but not
modified by ranitidine (1 JAM) suggests that the receptor
involved in the contractile effect of histamine in human
isolated uterine strips is the histamine HI-receptor subtype.
However, the concentration-ratio observed with clemizole is
lower than expected; moreover, ranitidine (10JM) shifted to

I
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the left the dose-response curve to histamine. All this
suggests some participation of histamine H2-receptors. To
characterize further the receptor subtype mediating contractile
responses to histamine, we examined the effect of 2-pyri-
dylethylamine, 4-methylhistamine and dimaprit. The selective
histamine HI-receptor agonist, 2-pyridylethylamine, produced
a concentration-dependent contractile effect with a similar
EC50 to histamine. Although 2-pyridylethylamine appears to
be a partial agonist (Figure 1), paired experiments showed
that the maximal effects of both compounds were similar.
This finding agrees with previous results in various tissues,
including the guinea-pig isolated uterus, although in this
latter study 2-pyridylethylamine was shown to be less potent
than histamine (Duncan et al., 1980; Goyal & Verma, 1981;
Schmidt et al., 1987). The contractile effect of 4-methyl-
histamine agrees with a similar result in guinea-pig uterus
and confirms previous findings were 4-methylhistamine was a
histamine H1-agonist (Goyal & Verma, 1981; Black et al.,
1972). This underlines the importance of the numbers of
histamine HI-: histamine H2-receptors in a tissue for the
observed effect of agonists which are not very selective
(Barker & Hough, 1983).
The - log KB value (pA2) for clemizole, 10.5 ± 0.5, agrees

closely with those obtained by Aguilar et al. (1986)
(10.45 ± 0.44) and Martinez-Mir et al. (1988) (10.54 ± 0.44) in
other tissues and supports the existence of histamine H1-
receptor in human isolated myometrium.

In human isolated uterus submaximally contracted with
KCl, histamine still caused a contractile effect. A weak
histamine-mediated relaxation occurred only in the presence
of the histamine HI-receptor antagonist clemizole (1 gIM).
Moreover, dimaprit and 4-methylhistamine (in the presence

of HI-blockade) also produced a similar relaxant effect.
Although 4-methylhistamine and dimaprit have been repor-
ted to be less potent than histamine (Hill, 1990), we found
that both were more potent. However, in guinea-pig airways,
for example, both agonists were equipotent and the EC50
calculated with dimaprit and 4-methylhistamine (in the pre-
sence of HI-blockade), were similar to those obtained in the
present study. No comparison with histamine was made by
the authors (Tomioka & Yamada, 1982). A complicating
factor in the analysis of the response to histamine is the
relaxation produced by clemizole. Given that studies in our
laboratory have shown that clemizole is a selective histamine
HI-receptor antagonist (Aguilar et al., 1986; Martinez-Mir et
al., 1988), a possibility that needs investigation is that KCI
might release endogenous histamine. The inhibition by rani-
tidine of the relaxant response to dimaprit, taken together
with the potentiation of the histamine-induced contraction by
10 M ranitidine, is evidence for histamine H2-receptor-medi-
ated relaxation. Similar results have been described by Gins-
burg et al. (1980) in human arteries. A predominance of the
histamine H1-receptor-mediated contraction over the his-
tamine H2-receptor-mediated relaxation can be explained by
the balance of apparent affinities for histamine HI- and H2-
receptors. Consistent with this is the fact that the selective
histamine H2-receptor agonist, dimaprit, relaxed the precon-
tracted uterine strip in the absence of HI-blockade.
We are grateful to Dr M.E. Parsons for his valuable advice, the staff
of the Obstetrics and Gynaecologic Service of the Hospital Clinico
Universitario for their cooperation in providing specimens of uterus,
Mr P.S. Derrick for correcting the English text and Liade, Pfizer,
Schering Espafia SA and SmithKline Beecham R & D for generous
gifts of drugs.

References

AGUILAR, M.J., MORALES-OLIVAS, F.J. & RUBIO, E. (1986). Phar-
macological investigation into the effects of histamine and his-
tamine analogues on guinea-pig and rat colon in vitro. Br. J.
Pharmacol., 88, 501-506.

ARUNLAKSHANA, 0. & SCHILD, H.O. (1959). Some quantitative uses
of drug antagonists. Br. J. Pharmacol. Chemother., 14, 48-58.

BARKER, L.A. & HOUGH, L.B. (1983). Selectivity of 4-methyl-
histamine at H- and H2-receptors in the guinea-pig isolated
ileum. Br. J. Pharmacol., 80, 65-71.

BLACK, J.W., DUNCAN, W.A.M., DURANT, G.J., GANELLIN, C.R. &
PARSONS, M.E. (1972). Definition and antagonism of histamine
H2-receptors. Nature, 236, 385-390.

CORTIJO, J., ESPLUGUES, J., MORALES-OLIVAS, F.J. & RUBIO, E.
(1984). The inhibitory effect of histamine on the motility of rat
uterus in vivo. Eur. J. Pharmacol., 97, 7-12.

DAI, S., OGLE, C.W. & LEUNG, P.M.K. (1982). The lack of effect of
histamine on spontaneous activity in the isolated human myomet-
rium. Agents Actions, 12, 608-611.

DUNCAN, P.G., BRINK, C., ADOLPHSON, R.L. & DOUGLAS, J.S.
(1980). Cyclic nucleotides and contraction/relaxation in airway
muscle: HI and H2 agonists and antagonists. J. Pharmacol. Exp.
Ther., 215, 434-442.

FARMER, J.B. & LEHRER, D.N. (1966). The effect of isoprenaline on
the contraction of smooth muscle produced by histamine, acetyl-
choline or other agents. J. Pharm. Pharmacol., 18, 649-656.

FUCHS, A.R. & FUCHS, F. (1973). Possible mechanisms of inhibition
of labour by ethanol. In Uterine Contraction - Side Effects of
Steroidal Contraceptives. ed. Josimovich, J.B. pp. 287-300. New
York: John Wiley & Sons, Inc.

GINSBURG, R., BRISTOW, M.R., STINSON, E.B. & HARRISON, D.C.
(1980). Histamine receptors in the human heart. Life Sci., 26,
2245-2249.

GOYAL, R.K. & VERMA, S.C. (1981). Pharmacological investigations
into the effects of histamine and histamine analogs on guinea-pig
and rat uterus. Agents Actions, 11, 312-317.

HILL, S.J. (1990). Distribution, properties, and functional characteris-
tics of three classes of histamine receptor. Pharmacological Rev.,
42, 45-83.

MARTINEZ-MIR, I., ESTAN, L., MORALES-OLIVAS, F.J. & RUBIO, E.
(1990). Studies of the spontaneous motility and the effect of
histamine on isolated myometrial strips of the nonpregnant
human uterus: The influence of various uterine abnormalities.
Am. J. Obstet. Gynecol., 163, 189-195.

MARTINEZ-MIR, 1., ESTA&, L., RUBIO, E. & MORALES-OLIVAS, F.l
(1988). Antihistaminic and anticholinergic activities of mequit-
azine in comparison with clemizole. J. Pharm. Pharmacol., 40,
655-656.

NAKANISHI, H. & WOOD, C. (1971). Cholinergic mechanisms in the
human uterus. J. Obstet. Gynaec. Br. Commonwealth., 78,
716-723.

RUBIO, E., ESPLUGUES, J., MARTI-BONMATI, E., MORCILLO, E. &
MORALES-OLIVAS, F.J. (1982). Action inhibitrice de l'histamine
sur l'uterus isol6e de rat. J. Pharmacol. (Paris), 13, 543-552.

SANDBERG, F., INGELMAN-SUNDBERG, A., LINDGREN, L. & RY-
DEN, G. (1957). In vitro studies of the motility of the human
uterus. Part III. The effects of adrenaline, noradrenaline and
acetylcholine on the spontaneous motility in different parts of the
pregnant and non-pregnant uterus. J. Obstet. Gynaec. Br. Empire,
64, 965-972.

SANGER, G.J. & BENNETT, A. (1981). Secoverine hydrochloride is a
muscarinic antagonist in human isolated gastrointestinal muscle
and myometrium. J. Pharm. Pharmacol., 33, 711-714.

SCHMIDT, G., KANNISTO, P., OWMAN, C. & SJOBERG, N.-O. (1987).
Alteration by histamine of the sympathetic nerve-mediated con-
tractions in the bovine ovarian follicle wall in vitro. Eur. J.
Pharmacol., 135, 11-22.

TOMIOKA, K. & YAMADA, T. (1982). Effects of histamine H2-
receptor agonists and antagonists on isolated guinea-pig airways
muscles. Arch. Int. Pharmacodyn., 255, 16-26.

TOZZI, S. (1973). The mechanism of action of histamine on the
isolated rat uterus. J. Pharmacol. Exp. Ther., 187, 511-517.

VAUQUELIN, G., WEMERS, C., VOKAER, A., KAIVEZ, E., LESCRAI-
NIER, J.P. & BOTTARI, S.P. (1984). Identification of muscarinic
acetylcholine receptors in human myometrium by [3H]-3-quinu-
clidinyl benzylate binding. In Uterine Contractility. ed. Bottari,
S., Thomas, J.P., Vokaer, A. & Vokaer, R. pp. 185-194. New
York: Masson Publishing USA, Inc.

(Received September 30, 1991
Revised May 26, 1992

Accepted June 12, 1992)


