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Prostaglandin E,, but not prostacyclin inhibits histamine-induced
contraction of human bronchial smooth muscle
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Abstract

The effects of exogenous prostaglandin E, and prostacyclin on the function of epithelium-intact and epithelium-denuded
human bronchial smooth muscle and the role of these mediators in the inhibition of histamine-induced contraction was examined
using bronchi obtained from 22 patients undergoing thoracotomy. Under resting tension, a variable biphasic contraction-relaxa-
tion or monophasic relaxation was observed following the cumulative addition of exogenous prostaglandin E, or prostacyclin.
Cumulative addition of these mediators to pre-contracted bronchi produced incomplete relaxation, irrespective of the presence
of epithelium. Addition of prostaglandin E,, at a concentration equating to that produced after histamine stimulation
(1.2 x 10~° M), produced a reduction (24%) in the maximum contractile response (£, ) to a subsequent histamine challenge
(P < 0.03). However, a similar response was not observed after the addition of prostacyclin at a concentration similar to that
produced endogenously (6.5 X 1071® M). The combined addition of both mediators resulted in a significant reduction (26%) in
the E,, to histamine (P < 0.02) but this effect was not statistically different to that of prostaglandin E, alone. The addition of
supramaximal concentrations (1 wM) of each prostanoid, either alone or in combination, did not inhibit responses to histamine.
These data suggest that whilst prostaglandin E, does not act as a direct acting relaxant agonist, it may inhibit histamine-induced
muscle contraction and thereby contribute to the observed tachyphylaxis to this mediator. In contrast, prostacyclin appears to be
of little importance in modulating human bronchial smooth muscle responses to histamine either directly or by enhancing
responses to prostaglandin E,. The inhibitory effect of prostaglandin E, appears to be concentration-dependent and suggests a
bimodal action of this mediator in human airways.
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1. Introduction prostaglandin E, and prostacyclin are involved in his-

tamine tachyphylaxis in both animal (Shore et al., 1985;

Previously, it has been reported that the generation
of prostaglandin E, and prostacyclin from the respira-
tory epithelium of human isolated bronchus is signifi-
cantly enhanced following histamine exposure and this
was associated with the induction of histamine tachy-
phylaxis (Knight et al., 1994). This hypothesis was
further supported by data demonstrating that his-
tamine tachyphylaxis was abolished in vitro by chronic
exposure of donor patients to non-steroidal anti-in-
flammatory agents (NSAIDs) (Knight et al.,, 1994).
These observations are consistent with previous data
suggesting that the release of prostaglandins, such as
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Watanabe et al., 1988) and human airways (Manning et
al., 1987).

However, whilst prostaglandin E, and prostacyclin
have been indirectly implicated in modulating human
airway smooth muscle function, observations of the
direct effects of these mediators on airway smooth
muscle have been conflicting. For example, some inves-
tigators have reported little effect (Coleman and
Sheldrick, 1989) whereas others indicate that complex
biphasic contraction-relaxation responses may occur
(Armour et al., 1989). These data suggest that prosta-
glandins may have multiple actions depending on the
predominant receptor subtype and species studied
(Coleman et al., 1984), the concentration of prostanoid
(Coleman and Sheldrick, 1989), the airway region
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(Norel et al., 1991) or possibly the type of agonist used
to induce tone.

In the current investigation, the direct effect of
prostaglandin E, and prostacyclin on the modulation
of human isolated bronchial smooth muscle function
and the role of these mediators in the development of
histamine tachyphylaxis was characterised.

2. Materials and methods
2.1. Tissue preparation and organ bath protocol

Lung tissue was obtained from 22 patients undergo-
ing thoracotomy for removal of lung cancer. The pa-
tients had not received any medication known to alter
airway responses to histamine as has been previously
reported (Knight et al., 1994). Macroscopically normal
bronchi (4-8 mm i.d.) were dissected free of all visible
blood vessels and parenchyma and used either on the
day of resection or stored overnight at 4°C.

2.2. The effect of exogenous prostaglandin E, and
prostacyclin on human isolated bronchial smooth muscle
responsiveness to histamine

In two separate sets of experiments, prostaglandin
E, and prostacyclin were added to the organ bath to
investigate the direct effects of these mediators on
human isolated bronchial smooth muscle contractility.
In the first set of experiments, bronchial preparations
were treated with the non-steroidal anti-inflammatory
drug flurbiprofen (5 uM) for 30 min to inhibit the
generation of endogenous prostanoids. A cumulative
concentration-effect curve was then constructed for
both prostaglandin E, and prostacyclin, in the range of
107- 3x 107% M. In the second set of experiments,
bronchial preparations were treated with flurbiprofen
for 30 min and then maximally stimulated with his-
tamine (102 M). Once a stable contraction was ob-
tained, cumulative concentration-effect curves to either
prostaglandin E, or prostacyclin were constructed.

In order to compare the effect of induced tone on
the relaxant effects of prostaglandin E,, separate mus-
cle strips from the same airways were pre-contracted
with an EC, concentration of histamine and a cumu-
lative concentration-effect curve to prostaglandin E, or
prostacyclin then constructed.

2.3. The role of prostaglandin E, and prostacyclin in the
modulation of histamine-induced contraction

Exogenous prostaglandin E, and prostacyclin, in
concentrations similar to those previously measured
from epithelium-intact bronchial preparations in organ
bath effluents (Knight et al., 1994) were used to investi-

gate their relative contribution to histamine tachyphy-
laxis. Expressed in molar terms, the mean histamine-
induced generation of prostaglandin E, was 1.2 X 10~°
M and prostacyclin (measured as its stable metabolite
6-keto-PGF,), was 6.5 X 1071 M.

In these experiments, a control histamine cumula-
tive concentration-effect curve was constructed in the
presence of flurbiprofen, followed by a recovery and
equilibration period. All bronchial preparations were
again treated with flurbiprofen for 30 min. Prosta-
glandin E, (1.2 X 10~ M) or prostacyclin (6.5 x 10~'°
M) were then added either in isolation or in combina-
tion to the organ bath, followed by a second exposure
to histamine. For comparison, a supramaximal concen-
tration of prostaglandin E, (1 uM) and prostacyclin (1
uwM) were added in a similar manner and the responses
to a subsequent histamine cumulative concentration-ef-
fect curve recorded.

2.4. Analysis of results

The maximal tension (E,_,,), the ECs, and agonist
potency, pD, (—log,, EC,) were determined from the
raw data for each cumulative concentration-effect
curve. The tensions developed in the second histamine
cumulative concentration-effect curve were expressed
as a percentage of the maximum tension of the first
cumulative concentration-effect curve. Simple descrip-
tive statistics were performed on the data to determine
the mean and standard error of the mean. Compara-
tive statistics were performed using ANOVA followed
by Tukey’s test for multiple comparison or by Student’s
t-test using the SAS statistical program.

2.5. Drugs and chemicals

The drugs used were acetylcholine hydrochloride
(Sigma); flurbiprofen, prostaglandin E, and prostacy-
clin (Cayman Chemical); histamine diphosphate (British
Drug House). Solutions of acetylcholine and histamine
were prepared fresh in 0.9% w/v NaCl. Stock solu-
tions of flurbiprofen, prostaglandin E, and prostacy-
clin were freshly prepared in either dimethylsulfoxide
or 100% ethanol. Subsequent dilutions were performed
in Krebs-Henseleit solution. Vehicle solutions were
shown not to influence responses of bronchial prepara-
tions.

3. Results

3.1. The effect of prostaglandin E, and prostacyclin on
resting muscle tone

Exposure of both epithelium-intact and -denuded
human isolated bronchial smooth muscle strips to flur-
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Fig. 1. An example of concentration-dependent responses of epithe-
lium-denuded human isolated bronchial smooth muscle to prosta-
glandin E, (1071°-10~% M). Bronchial preparations were under
resting tension and treated with flurbiprofen (5 uM) for 30 min prior
to exposure to prostaglandin E,. Vertical bars represent 200 mg
tension. Tracings a, b and ¢ represent responses of bronchi from
three different donors.

biprofen did not significantly influence the tone of
these preparations. However, the effects of prosta-
glandin E, on bronchial smooth muscle tone were
variable despite the presence of the cyclooxygenase
inhibitor. In some preparations, low concentrations of
prostaglandin E, produced relaxation which was fol-
lowed by contractile responses at higher concentra-
tions. With other preparations, only single concentra-
tion-dependent contractions or concentration-depend-
ent relaxations were observed (Fig. 1a-c). Similarly, the
cumulative addition of prostacyclin to adjacent sections
of the same airway also produced highly variable
monophasic or biphasic responses (Fig. 2a-c). The mag-
nitude of responses obtained following exposure to
prostacyclin were always lower than those observed for
prostaglandin E,.

3.2. The relaxant effect of prostaglandin E, and prosta-
cyclin following histamine-induced contraction

Prostaglandin E, induced a concentration-depend-
ent relaxation of bronchial preparations pre-contracted
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Fig. 2. An example of concentration-dependent responses of epithe-
lium-denuded human isolated bronchial smooth muscle to prostacy-
clin (10~ -3 % 10~% M). Bronchial preparations were under resting
tension and treated with flurbiprofen (5 M) for 30 min prior to
exposure to prostacyclin. Vertical bars represent 200 mg tension.
Tracings a, b and ¢ represent responses of the same bronchi as in
Fig. 1.

Table 1
Comparison of the relaxant effect of prostaglandin E, and prostacy-
clin on human isolated bronchial smooth muscle pre-contracted with
histamine (1073 M)
Epithelium-intact Epithelium-denuded
(n=8) (n=28)
pDZ 2 Emax b pDZ Emax

Prostaglandin E, 8.00+0.14 31.87+2.81 8.18+0.16 40.67+7.82
Prostacyclin 7.80+0.20 33.84+5.37 7.74+0.23 49.181+9.49

Results are expressed as means+S.E.M. »n = number of patients
from whom lung samples were obtained. *p D, is calculated as
—10g,0(ECso). ® E, represents the maximum relaxant effect of
each prostanoid expressed as a percentage of the induced contrac-
tion.

with a maximum concentration of histamine. However,
the mean maximum relaxation observed for epithe-
lium-intact preparations was only 31.9 + 2.8% of the
induced contraction and for epithelium-denuded
preparations the maximum relaxation was 40.7 + 7.8%
which were not significantly different (P > 0.2). Simi-
larly, epithelium removal did not appear to alter the
sensitivity of muscle preparations to the relaxant ef-
fects of prostaglandin E,, (P > 0.1, Table 1). In a small
number of epithelium-intact bronchi (n = 4) which were
pre-contracted with an EC,, of histamine, the mean
maximum relaxant response attained by prostaglandin
E, was only 30.9 + 10.1% of the induced contraction, a
value which was not significantly different to the de-
gree of relaxation observed when muscle preparations
were contracted with a maximal concentration of his-
tamine (P > 0.375). All muscle preparations examined
elicited dose-dependent contractile responses when
concentrations of prostaglandin E, exceeded 0.1 uM.
However, the pD, of prostaglandin E, during the
relaxant component of the biphasic response was 8.59
+ 0.15 which was significantly greater than that ob-
served when bronchi were maximally contracted with
histamine (P < 0.05).

Relaxation of both epithelium-intact and epithe-
lium-denuded muscle preparations following exposure
to prostacyclin was also observed. As observed for
prostaglandin E,, there were no significant differences
in the maximum relaxant response for prostacyclin in
epithelium-intact 33.8 + 5.4% and denuded bronchi
49.2 + 9.5% (P > 0.1). Although the relaxant potency
of prostacyclin tended to be greater in epithelium-de-
nuded muscle preparations compared to epithelium-in-
tact preparations, there was no statistical difference
observed (P > 0.05; Table 1). Similarly, although there
was a tendency for the relaxant potency of prostacyclin
to be lower when compared to prostaglandin E, this
failed to reach statistical significance in either epithe-
lium-intact (P = 0.371) or denuded (P = 0.12) prepara-
tions (Table 1).
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3.3. The role of prostaglandin E, and prostacyclin in the
modulation of histamine-induced contraction

The addition of prostaglandin E, (1.2 X 10~° M) or
prostacyclin (6.5 X 1071 M) to epithelium-intact
bronchial preparations, in the presence of flurbiprofen,
did not produce significant effects on baseline tension.

In the presence of exogenously added prostaglandin
E,, the mean maximum contractile response to subse-
quent histamine exposure was reduced to 76.03 £
3.35% of control values (P < 0.03) (Fig. 3a). However,
the mean contractile potency of histamine was not
significantly reduced by exposure to this concentration
of prostaglandin E,, the pD, values for histamine
before and after exposure to prostaglandin E, being
5.23 + 0.08 and 5.33 + 0.15 respectively (P > 0.1). Fol-
lowing exposure to prostacyclin, the mean maximum
contractile response to histamine was 96.9 + 14.7% of
initial values (P > 0.375) (Fig. 3b), whilst the contrac-
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Fig. 3. Consecutive cumulative concentration-effect curve con-
structed for histamine in the absence (a) and presence (O) of (a)
prostaglandin E, (1.23x10~? M), (b) prostacyclin (6.5x 1071 M)
and (c) a combination of prostaglandin E, and prostacyclin. Results
are expressed as means+ S.E.M. percentage of the maximum re-
sponse to histamine in the absence of prostaglandin (n = 8).

tile potency of histamine was also not significantly
altered by exposure to prostacyclin (P > 0.3). When
preparations were exposed to a combination of prosta-
glandin E, and prostacyclin, the mean maximum con-
traction in response to histamine was reduced to 73.7
+ 10.6% of the maximum contractile response in the
control curve (P < 0.02) (Fig. 3c). This value, however,
was not significantly different to that attained following
exposure to prostaglandin E, alone (P> 0.375). Al-
though, the mean pD, value of histamine was in-
creased from 5.17 +£ 0.1 to 5.23 + 0.2 by exposure to
the combination of prostaglandin E, and prostacyclin,
this difference did not reach statistical significance
(P>0.1).

The addition of a supramaximally effective concen-
tration of prostaglandin E, (1 uM), did not signifi-
cantly influence the subsequent contractile response to
histamine. Consequently the mean maximum contrac-
tion was not significantly different to control values
(P>0375) (Fig. 4a). Although prostaglandin E, (1
uM) reduced the contractile potency of histamine by
1.5-fold, this failed to reach statistical significance (P
> 0.1). When bronchial preparations were exposed to a
supramaximally effective concentration of prostacyclin
(1 wM) under identical conditions, both the mean
maximum contractile response and sensitivity to his-
tamine were not significantly different to control values
(P> 0.375 for both E,_,, and pD,; Fig. 4b). The com-
bined addition of supramaximally effective concentra-
tions of both prostaglandin E, and prostacyclin had
variable effects on baseline tension, with either slight
contraction, slight relaxation or no effect being ob-
served. In those preparations in which a response was
observed, the magnitude was always less than 10% of
resting tension. When both prostanoids were added
simultaneously, a slight but insignificant increase in the
E . (P>0.3) and contractile potency (P > 0.2) of the
histamine response was observed when compared to
that obtained in the absence of prostaglandins (Fig.
4¢).

4. Discussion

In a previous study from this laboratory it was
demonstrated that the development of histamine tachy-
phylaxis in human isolated bronchial smooth muscle
was an epithelium-dependent phenomenon (Knight et
al., 1992). More recently, these results have been con-
firmed and in addition, data have indicated that the
generation of prostaglandin E, and prostacyclin, pri-
marily from the respiratory epithelium also participate
in modulating histamine-induced contraction of human
isolated bronchial smooth muscle (Knight et al.,1994).
In the current investigation, exogenously added prosta-
glandin E, and prostacyclin were used to assess the
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Fig. 4. Consecutive cumulative concentration-effect curves con-
structed for histamine in the absence (a) and presence (O) of (a)
prostaglandin E, (1 gM), (b) prostacyclin {1 M) and (¢) a combina-
tion of prostaglandin E, and prostacyclin. Results are expressed as
means + S.E.M. percentage of the maximum response to histamine in
the absence of prostaglandin (n = 8).

relative role of each of these mediators on human
bronchial smooth muscle at rest, following contraction
with histamine, and in the development of histamine
tachyphylaxis.

Both prostaglandin E, and prostacyclin produced
highly variable responses on bronchial preparations
under resting tension. For example, concentration-de-
pendent relaxation, contraction or biphasic contrac-
tion-relaxation responses were observed. Similar vari-
ability in responses to these and other prostanoids has
also been demonstrated by other investigators using
human smooth muscle isolated from airways (Coleman
and Sheldrick, 1989; Armour et al., 1989) and myo-
metrium (Senior et al., 1992), but the mechanisms
involved are presently unclear. However, given that all
preparations studied were pretreated with flurbipro-
fen, it is unlikely that these secondary effects were due
to the release of endogenous prostaglandins.

Coleman and Sheldrick (1989) suggested that
prostanoid-induced contraction of human bronchial
smooth muscle is mediated by a single receptor subtype
(TP) and thus the comparatively weak contractions
induced by prostaglandin E, and prostacyclin may re-
flect non-specific interactions between high concentra-
tions of prostanoids at this receptor. However, in the
present study, the majority of contractions induced by
either prostanoid occurred at low concentration, sug-
gesting that non-specific activation of TP receptors was
not solely responsible for the observed variability. Al-
ternatively, the contractions observed may reflect an
interaction between these prostanoids and contractile
EP receptors. In some species, prostaglandin E, is
thought to specifically interact with at least three dif-
ferent receptor subtypes within the lung (Coleman et
al., 1987; Dong et al., 1986). Activation of EP, and EP,
receptors mediates airway smooth muscle contraction,
whereas stimulation of EP, receptors produces muscle
relaxation. Although the distribution of these receptors
in human lung is presently unknown, intra-airway het-
erogeneity in regard to the distribution and a relative
preponderance of contractile EP receptors may exist in
human airways. In support of this, McKenniff et al.
(1988) demonstrated contraction of large human air-
ways in response to prostaglandin E, analogs despite
blockade of TP receptors. In contrast, in subsequent
studies in which smaller airways (1-4 mm i.d.) were
used, no evidence for a contractile response to stimula-
tion of EP receptors was demonstrated (Coleman and
Sheldrick, 1989; Armour et al., 1989).

In the current investigation, prostaglandin E, and
prostacyclin produced a variable degree of relaxation
of human isolated bronchial smooth muscle contracted
by histamine which was independent of the presence or
absence of the epithelium. The apparent lack of effi-
cacy contrasts with data obtained in studies using pri-
mate trachea, where addition of prostaglandin E, at
concentrations ranging from 0.1-4 nM produced com-
plete relaxation of histamine-induced contraction
(Krzanowski et al., 1980). The reasons for these differ-
ing results are not known. However, since the potency
of functional antagonists may partly depend on the
pre-existing tone of the preparation (Braunstein et al.,
1988) it is possible that level of induced tone may have
contributed. Indeed, in the primate study (Krzanowski
et al., 1980), the histamine concentration used to con-
tract the tissue prior to generating a relaxant cumula-
tive concentration-effect curve to prostaglandin E,,
produced a contraction which was equivalent to 40% of
a maximum contractile response. However, in the cur-
rent investigation the relaxant effect of prostaglandin
E,, was incomplete when either an EC,, or a maximal
concentration of histamine were used to induce tone,
suggesting that the level of induced tone might not be
contributing significantly to this effect.
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Despite the modest relaxant response observed fol-
lowing histamine-induced contraction, the addition of
exogenous prostaglandin E,, was sufficient to inhibit
subsequent bronchial smooth muscle responses to his-
tamine and significantly, the degree of inhibition was
comparable to that originally observed for histamine
tachyphylaxis per se (Knight et al., 1992, 1994). Similar
results have been reported using canine trachea, where
prostaglandin E,, at a concentration equatable to that
generated by cultured epithelial cells, was sufficient to
inhibit contractile responses of tracheal smooth muscle
to histamine (Yu et al., 1992). The lack of effect of
prostaglandin E, on the contractile potency of his-
tamine demonstrated in the current study, suggests
either that other mechanisms may be contributing to
the inhibition of histamine-induced contraction, or that
a modest population of inhibitory EP receptors co-exist
in human airways with populations of contractile EP
and TP receptor subtypes.

In contrast to prostaglandin E,, exogenous prostacy-
clin did not significantly influence histamine-induced
responses, despite the detection of significant amounts
of this prostanoid following histamine stimulation
(Knight et al., 1994). The reasons as to why both
prostaglandin E, and prostacyclin are generated in
response to histamine, but only prostaglandin E, mod-
ulates human isolated bronchial smooth muscle re-
sponsiveness is not known, but the results are consis-
tent with the observation that in humans, prostacyclin
is a considerably more potent mediator for vascular
tissues than airway smooth muscle (Hardy et al., 1988;
Haye-Legrand et al., 1987).

When both prostanoids were added simultaneously,
the magnitude of inhibition of histamine-induced con-
traction was not significantly different to that observed
for prostaglandin E, alone. These data further support
the hypothesis that prostaglandin E, is the predomi-
nant inhibitory cyclooxygenase metabolite in human
airways whilst the role of prostacyclin either alone or in
enhancing the effects of prostaglandin E, on human
isolated bronchial smooth muscle responses to his-
tamine is of limited importance. Yu et al. (1992) re-
ported that whilst prostacyclin in isolation, had mini-
mal effects on canine tracheal contraction per se, it
significantly enhanced the relaxant activity of prosta-
glandin E, on tracheal smooth muscle contracted by
histamine and other agonists. The reasons for these
disparate results are not known, although species dif-
ferences seems likely.

Paradoxically, the addition of a supramaximally ef-
fective concentration of prostaglandin E, (1 uM) ap-
peared to prevent the reduction in histamine respon-
siveness, suggesting that very high concentrations of
prostaglandin E, may contract human isolated
bronchial smooth muscle. These results are consistent
with previous reports which have shown that high con-

centrations of prostaglandin E, may stimulate contrac-
tile TP and EP prostanoid receptors (Coleman and
Sheldrick, 1989; Armour et al., 1989; McKenniff et al.,
1988). In contrast, Braunstein et al. (1988) demon-
strated that prostaglandin E, concentration depend-
ently depressed the maximum response and sensitivity
to histamine in guinea pig isolated trachea, with the
greatest inhibitory effect observed at 1 uM. However,
it is generally accepted that the actions of prosta-
glandin E, on isolated airway preparations exhibit
marked differences between guinea pig and man
(Douglas and Brink, 1987).

In summary, the results of the current study indicate
that epithelium-derived prostaglandin E,, is an impor-
tant modulator of histamine responses, including the
development of tachyphylaxis, in human isolated
bronchus, whereas prostacyclin appears to be of little
significance. In addition, variable concentration-de-
pendent effects exist for prostaglandin E, whereby
high concentrations appear to enhance airway smooth
muscle responsiveness. These observations are consis-
tent with previous data which suggest that receptors for
prostanoid-induced contraction and relaxation are dis-
tinct and that prostaglandin E, may interact at these
multiple receptor subtypes within the airways.
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