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1 Cpysteinyl-leukotrienes cause contractions and/or relaxations of human isolated pulmonary vascular
preparations. Although, the localization and nature of the receptors through which these effects are
mediated have not been fully characterized, some effects are indirect and not mediated via the well-
described LT, receptor.

2 In human pulmonary veins (HPV) with an intact endothelium, leukotriene D, (LTD,) induced
contraction above basal tone. This response was observed at lower concentrations of LTD, in the
presence of nitric oxide synthase inhibitor N®-nitro-L-arginine (L-NOARG). Contractions (in the absence
and presence of L-NOARG) were partially blocked by the LT, antagonists (MK 571 and ICI 198615).
3 LTD, relaxed HPV previously contracted with noradrenaline. This relaxation was potentiated by LT,
antagonists, but was abolished by removal of the endothelium. LTD, also relaxed human pulmonary
arteries (HPA) precontracted with noradrenaline but this effect was not modified by LT, antagonists.
4 The results suggest that contraction of endothelium-intact HPV by LTD, is partially mediated via
LT, receptors. Further, in endothelium-intact HPV, this contraction was opposed by a relaxation
induced by LTD,, dependent on the release of nitric oxide, which was mediated, at least in part, via a
non-LT, receptor. In addition, LTD, relaxation on contracted HPA was not mediated by LT, receptors.

5 The mechanical effects of LTD, on human pulmonary vasculature are complex and involve both

direct and indirect mechanisms mediated via at least two types of cysteinyl-leukotriene receptors.
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Introduction

A considerable amount of evidence has been published de-
monstrating the contractile effects of leukotrienes (LT) in a
variety of smooth muscle preparations from several animal
species including man (Dahlén et al., 1980; Hanna ez al.,
1981; Buckner et al., 1986; Bourdillat ez al., 1987). However,
LT are also known to produce endothelium-dependent re-
laxations in vessels from different species (Burke et al., 1982;
Secrest et al., 1985; Sakuma & Levi, 1988). Endothelium-
dependent relaxations are mediated via factors such as
prostacyclin (Moncada et al., 1976) or nitric oxide (NO)
(Furchgott & Zawadski, 1980; Ignarro et al., 1987; Palmer ez
al., 1987).

In an early report, Secrest and coworkers (1985) suggested
that leukotriene D, (LTD,) induced relaxations in canine renal
and superior mesenteric arteries were produced by stimulation
of an LT receptor, since the LT antagonist, FPL 55712 atte-
nuated the LT relaxant responses. Recently, Pawloski &
Chapnick (1993) showed that stimulation of these LT re-
ceptors induced relaxations which were associated with acti-
vation of the nitric oxide pathway. These observations
supported previous results (Secrest er al., 1988) which de-
monstrated that LTD, increased guanosine 3’:5’-cyclic mono-
phosphate (cyclic GMP) accumulation in canine vessels. Such
data suggested that the LT receptor on the endothelium was
intimately linked to the nitric oxide pathway. However, results
obtained in the guinea-pig respiratory tract (Fleisch et al.,
1982; Krell et al., 1983) and recent data obtained from the
human lung suggested that there may be several LT receptors,
namely LT, and LT, in this latter tissue (Labat ez al., 1992).
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Since FPL 55712 is a nonselective LT antagonist (Chasin &
Scott, 1978; Welton et al., 1981), the specific LT receptors
involved in vascular relaxations are at present unknown.
The aim of this investigation was to characterize the LT
receptors located on the endothelium in human isolated
pulmonary vascular preparations.

Methods

Human pulmonary arteries and veins were dissected from lung
samples obtained from patients who had undergone surgery
for lung carcinoma. Arteries and veins were separated from
adjacent parenchymal tissues and the preparations were cut as
rings set up under a load of 2 g in 10 ml organ baths. Tissues
were used 1-3 h post surgery, since preparations stored over-
night failed to relax when stimulated with 0.1 pM histamine
(endothelium-dependent relaxation). The composition of the
Tyrode solution was (mM concentrations): NaCl 139.2,
KCl 2.7, CaCl, 1.8, MgCl, 0.49, NaHCO; 11.9, NaH,PO, 0.4,
glucose 5.5, pH 7.4. Ring preparations were allowed to equi-
librate for 90 min at 37°C and were continuously gassed with
5% CO, in O,. Contractions and relaxations were monitored
with isometric force transducers (Narco F-60) and Linseis re-
corders.

Relaxation protocols

Following the equilibration period, preparations were con-
tracted with noradrenaline (1 uM) and relaxed with histamine
(1 pM) to confirm endothelium function. The tissues were then
washed and when resting tone was re-established the pre-
parations were incubated for 30 min with Tyrode solution with
or without the following drugs: ICI 198615 (1 uM; 30 min),
MK 571 (1 pM; 30 min); L-NOARG (100 pM; 15 min). The LT
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antagonists were also used in combination with NO synthase
inhibitor L-NOARG at the concentrations indicated. The tis-
sues were subsequently contracted with noradrenaline and
when the response reached a plateau increasing concentrations
of LTD, were added to the tissue baths. Similar experiments
were performed in tissues where the endothelium had been
removed by gently rubbing the luminal surface with a mois-
tened cotton swab. The LTD, relaxation was not always ob-
served (approximately 50% of samples), even though tissues
always relaxed with histamine (0.1 pMm).

Contraction protocols

After the 90 min equilibration period the ring preparations
were contracted with noradrenaline (10 uM) and, when the
response reached a plateau, histamine (1 uM) was added to the
tissue baths. The tissues were washed until resting tone was re-
established before being incubated (30 min) with ICI 198615
(1 pMm), MK 571 (1 pM) and/or L-NOARG (100 um). Fol-
lowing drug treatment, a concentration-effect curve was pro-
duced by adding increasing concentrations of LTD, in a
cumulative fashion. Several experiments were also performed
in tissues in which the endothelium had been removed by
rubbing the luminal surface.

Calculations

Changes in force were expressed in g and results presented as
percentage of the maximal response induced by noradrenaline
(10 pM) and are means +s.e.mean. The ECs, values were ob-
tained from cumulative concentration-effect curves by linear
regression analysis of data points from individual concentra-
tion-effect curves. The ECs, values were transformed into pD,
values (-log ECs). Statistical analysis was performed by
ANOVA followed by Student’s ¢ test for paired or unpaired
variables as appropriate. The correlation analysis was per-
formed using the Pearson test.

Drugs

The drugs used were: histamine dihydrochloride, noradrenaline
and N“-nitro-L-arginine (L-NOARG) (Sigma Chemical Co. St.
Louis MO. U.S.A.). Al LT and antagonists ICI 198615 ((1-[2-
methoxy - 4 - { ([phenylsulphonylamino] carbonyl) phenyl} me-
thyl]-1H-indazol-6-yl)carbamic acid cyclopentyl ester)) and MK
571 ([3-{-2(7-chloro-2-quinolinyl)ethenyl}phenyl][{3-(dimethy-
lamino-3-oxopropyl)thio}methyl]thio propanoic acid) were
synthesized at Bayer plc (Stokes Poges, Great Britain and
Wuppertal, Germany).

Results

Relaxation

LTD, induced a relaxation in endothelium-intact human pul-
monary arteries and veins which had been contracted with
noradrenaline (1 uM; Figure 1). In venous ring preparations
which had been treated with either ICI 198615 (1 uM) or MK
571 (1 pM) the LTD, relaxant response was markedly en-
hanced. In contrast, no significant alteration in relaxation was
observed in intact pulmonary arteries. Furthermore, LTD,-
induced relaxation was not observed in either pulmonary ar-
teries or veins where the endothelium had been removed
(rubbed tissues; data not shown).

Contraction

In pulmonary veins there was a correlation between the en-
dothelium-dependent relaxation (measured by histamine
challenge) and the contractions induced by LTD, (Figure 2:
r’=0.68; P<0.006). In intact preparations treated with L-

NOARG, an inhibitor of endogenous NO release, this corre-
lation was not observed (r*=0.34; P>0.13).

The data presented in Figure 3 show that the LTD,-induced
contractions were not altered after removal of endothelium by
rubbing. In contrast, vessels treated with L-NOARG exhibited
an increased sensitivity to LTD, (Table 1). However, the
maximal contractions were not significantly different (intact
preparations: 2.64+0.67 g; rubbed preparations: 2.43+0.54 g
and intact preparations treated with L-NOARG 100 pM:
3.5340.63 g).
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Figure 1 Leukotriene D, (LTD,)-induced relaxations of human
pulmonary vessels. Preparations were contracted with noradrenaline
(1 M) and relaxed with histamine (1 uM). Following a washing period
the preparations were incubated (30 min) either with vehicle (control,
@) or different LT, antagonists (ICI 198615, 1uM, V; MK 571,
1uM, Q). Preparations were contracted with noradrenaline and
relaxed with LTD,. The results are presented as % of the
noradrenaline (1 uM)-induced contraction (arteries, 1.08+0.11g and
veins, 1.49+0.52g). (a) Human pulmonary arteries; (b) human
pulmonary veins. Values are mean+s.e.mean from 6 paired lung
samples. Statistical analysis was performed using ANOVA followed
by Student’s ¢ test for paired samples. *Indicates values significantly
different from appropriate control results with Student’s ¢ test
(P<0.05).
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Figure 2 Correlation between leukotriene D, (LTD,)-induced
contractions of human pulmonary veins and the endothelium-
dependent relaxation. The preparations were incubated (30 min) with
vehicle and the contractions induced by LTD, were obtained. The
pD; values for LTD, were obtained from the LTD,4 concentration-
effect curves (ECs¢) and transformed to pD, values (—log M). The
histamine (1 pM)-induced relaxation (index of a functional endothe-
lium) are presented as % of the noradrenaline (1 um)-induced
contraction. Values are from 9 lung samples. Statistical analysis
was performed using the Pearson Correlation test (*=0.68;
P <0.006).
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In the presence of ICI 198615 (1 uM) or MK 571 (1 uM) the
LTD,-induced contractions were partially blocked in intact
pulmonary veins (Figure 4 and Table 1). However, the shifts
observed with these antagonists were not concentration-re-
lated. Similar data were obtained in tissues treated with these
antagonists in the presence of L-NOARG (Figure 5 and Table
1). No shift in the LTD, curves was observed in rubbed tissues
treated with either ICI 198615 or MK 571 (Figure 6).

Discussion

The results obtained in this study demonstrate that LTD,
induced both contraction and relaxation of human pulmon-

Contraction (g)

LTD, (~log m)

Figure 3 Leukotriene D4 (LTD,)-induced contractions of human
pulmonary veins. LTD, concentration-effect curves were produced in
intact tissues (@), intact tissues treated with N“-nitro-L-arginine (L-
NOARG, 100 uM, B) and tissues after removal of endothelium (A).
The results are presented as force (g) of the LTDs-induced
contraction. Values are meants.e.mean from 5-6 lung samples.
Statistical analysis was performed using the ANOVA followed by the
Student’s ¢ test for paired samples. *Indicates values significantly
different from appropriate control results using Student’s ¢ test
(P<0.05).

ary vascular tissues, findings which are in agreement with
previously published results (Schellenberg & Foster, 1984;
Sakuma et al., 1987; Bourdillat et al., 1987; Allen et al.,
1992; Pawloski & Chapnick, 1993). The relaxant effects may
depend on the type of vessel and/or the species from which
the preparations are derived, since there are some reports
which have shown no LTD,-induced relaxation of isolated
vascular preparations from the rabbit or guinea-pig (Ber-
kowitz et al., 1984). A few studies (Secrest et al., 1985;
Labat et al., 1992) have explored the LT-receptors present in
isolated vessels. Secrest and coworkers (1985) using canine
vascular preparations demonstrated that stimulation of the
LT receptor which lead to vascular relaxation was inhibited
by FPL 55712. However, Chasin & Scott (1978), reported
that FPL 55712 inhibited phosphodiesterase in cells and
Welton and coworkers (1981) showed that release of med-
iators such as histamine and thromboxane was blocked by
FPL 55712, suggesting that this compound is not only a LT-
receptor antagonist.
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Figure 4 Effects of LT, antagonists on leukotriene D4 (LTD,)-
induced contractions in intact pulmonary veins. The preparations
were incubated (30 min) either with vehicle (control; @) or different
LT, antagonists and LTD, curves were produced. (a) MK 571,
0.1puMm (OJ) and 1 pM (O). (b) ICI 198615, 0.1 pm (O) and 1puM (O).
The results are presented as force (g) of the LTDy-induced
contraction. Values are meants.e.mean from 6-7 lung samples.
Statistical analysis was performed using the ANOVA followed by the
Student’s ¢ test for paired samples. *Indicates values significantly
different from appropriate control results using Student’s ¢ test
(P<0.05).

Table 1 pD, values obtained from leukotriene D4 (LTD,) curves in human pulmonary veins in absence or presence of LT, antagonists

(ICI 198615 and MK 571)

LTD, contractions
(pD; values)

n Control

Non treated 9 7.92+0.13
MK 571

0.1 pm 6 7.41+0.08*

1 um 6 7.27+0.05*
ICI 198615

0.1 pm 7 7.61+0.07

1puMm 6 7.30+0.07*

n

8

oo O\

[= =}

L-NOARG

(100 pum) n Rubbed
8.60+0.24* 8 7.96+0.16
7.54+0.07*
7.61+0.10* 6 7.78+£0.09
7.77+0.15*
7.56+0.09* 5 7.73+0.14

Control (intact tissues), L-NOARG (treated tissues) and Rubbed (without endothelium). Results are mean +s.e.mean of » lung samples.
*Values significantly different from appropriate non-treated tissues; ® values significantly different from non-treated control group.
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Figure 5§ Effects of LT, antagonists on leukotriene D, (LTDg)-
induced contractions in intact pulmonary veins in presence of
N®nitro-L-arginine (L-NOARG, 100um). The preparations were
incubated (30min) either with L-NOARG (100 um; @) or different
LT, antagonists in the presence of L-NOARG (100 uMm) and LTD,
curves were produced. (a) MK 571, 0.1 uM (00) and 1 pM (O). (b) ICI
198615, 0.1 uM (OJ) and 1 uM (O). The results are presented as force
(8) of the LTD,-induced contraction. Values are mean+s.e.mean
from 6-7 lung samples. Statistical analysis was performed by
ANOVA followed by Student’s ¢ test for paired samples. *Indicates
values significantly different from appropriate control results using
Student’s ¢ test (P <0.05).

The data (present paper) demonstrate that LTD,-induced
relaxation of human isolated pulmonary vessels is en-
dothelium-dependent via relaxing factors since removal of
the endothelium abolished this response. In addition, in
human pulmonary veins there are two receptors present on
the endothelium. One is associated with LTD-induced re-
laxation and resistant to LT, antagonists; a second receptor
is associated with LTD, contractions and blocked by LT,
antagonists. The evidence derived from human isolated
pulmonary vessels which support these observations are as
follows. LTD,-induced relaxations of human isolated pul-
monary veins were potentiated by the LT, antagonists, ICI
198615 or MK 571. The more pronounced relaxation which
was unmasked in the presence of an LT, antagonist suggests
that an LT, receptor is involved in the contraction. Fur-
thermore, LTD,-induced relaxations of human isolated pul-
monary arteries were not blocked by ICI 198615 or MK 571
(Figure 1), suggesting that the receptor which mediates re-
laxation is not LT,.

Since the endothelium releases relaxing factors (Furchgott
& Zawadski, 1980; Ignarro et al., 1987, Moncada et al.,
1987) as well as substances which induce contraction (Van-
houtte et al., 1991), the paradoxical effects of the leuko-
trienes in different vessels (Nishiye et al., 1988; Sakuma &
Levi, 1988; Fedyna et al., 1990; Rosenblum et al., 1990;
McLeod & Piper, 1992) may be due to those factors which
are released during stimulation of specific leukotriene re-
ceptors on the endothelium. Treatment of intact venous
preparations with the NO synthase inhibitor, L-NOARG,
caused a significant leftward shift of the LTD, curves, sug-
gesting that the relaxing factor, NO, may antagonize LTD,
contractions. However, in the absence of the endothelium,
the LTD,-induced contractions of human pulmonary venous
preparations were identical to those of control tissues but
significantly different from those obtained in L-NOARG-
treated vessels. One interpretation of these results is that the
contraction induced by LTD, is not only due to the sti-

LTD, (-log m)

Figure 6 Effects of LT, antagonists on leukotriene Dy (LTDy)-
induced contractions in rubbed human pulmonary veins. The
preparations were incubated (30min) either with vehicle (control,
@) or different LT, antagonists and LTD, curves were produced. (a)
MK 571, 1uM (O); (b) ICI 198615, 1uM (O). The results are
presented as force (g) of the LTDy4-induced contraction. Values are
meants.e.mean from 6-7 lung samples. Statistical analysis was
performed by ANOVA followed by the Student’s ¢ test for paired
samples.

mulation of the vascular smooth muscle but also to the
endothelium. In intact pulmonary venous preparations the
LT, antagonists (ICI 198615 and MK 571) caused a partial
block of the LTD, contractions either in the presence or
absence of L-NOARG. However, this inhibition was not
concentration-dependent. These compounds are potent LT,
antagonists but the receptors present on the human pul-
monary venous vascular smooth muscle are LT, receptors
(Labat er al.,, 1992). Therefore, the slight displacement ob-
served is due to inhibition of a contractile component
mediated by the LT, receptor present on the endothelium. In
addition, after removal of the endothelium there was no
shift in the LTD, contraction curves by either of these LT,
antagonists. Therefore, only a partial inhibition by LT, an-
tagonists can be observed since the dominant effect of LTD,
in human pulmonary veins is contraction via LT, receptors
on the vascular muscle. Results obtained in rubbed pre-
parations (Figure 5) confirm previous findings that LT,
antagonists have no effect on LTD,-induced contractions of
human isolated pulmonary veins (Labat et al., 1992). These
latter results were obtained in intact tissues stored for 12 h
where endothelium-dependent relaxations were absent.

These data provide evidence that the LTD, relaxant effect
was endothelium-dependent via release of NO, and this re-
laxant activity via an LT receptor may offset the LTD, con-
tractions. In addition, these data suggest that there is an LT,
receptor present on the endothelium which is associated with
LTD, contractions. At present there are no data to confirm
whether the receptor (LT,) reported on human isolated pul-
monary veins (Labat et al., 1992) is distinct from or similar to
the LTD, receptor on the endothelium associated with re-
laxation.

Part of this work has been supported by grants FAR 90-680 and
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