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1 Long-term treatment of rats with No-nitro-l-arginine methyl ester (l-NAME) induces hyperten-
sion associated with inflammatory and vascular changes. Leukotrienes are proinflammatory
vasoactive products that are suspected to be involved in the pathogenesis of hypertension. We
investigated, in rats chronically treated with l-NAME, the involvement of leukotrienes in the in vivo
regulation of blood pressure and the in vitro contraction elicited by noradrenaline in isolated aorta.

2 Rats were randomly assigned to four groups and orally treated for 3 weeks with l-NAME
(1mgml�1), l-NAME (1mgml�1) plus the leukotriene biosynthesis inhibitor MK-886 (0.1mgml�1),
MK-886 (0.1mgml�1) alone or vehicle (Methocel, 0.1%). All the drugs were added to the drinking
fluid.

3 The mean arterial blood pressure (MABP) increased significantly in l-NAME-treated rats
(173.379.4mmHg (n¼ 25)) vs Methocel-treated rats (110.774.8mmHg (n¼ 11), Po0.001). Chronic
treatment with MK-886 prevented this rise in MABP.

4 Aortic rings with or without endothelium were suspended in organ baths for recording isometric
changes in response to noradrenaline. Pretreatment with either MK-886 (10 mm), the CysLT1 receptor
antagonist MK571 (1 mm) or the dual CysLT1/CysLT2 receptor antagonist BAY-u9773 (0.1 mm)
reduced (Po0.05) noradrenaline-induced contractions in intact aortic rings from l-NAME-treated
rats only.

5 Noradrenaline (0.3 mm) induced a two-fold increase in cysteinyl leukotriene (CysLT) release
(measured by enzyme immunoassay) in intact aortic rings from l-NAME-treated rats only.

6 These data suggested (1) a role for the 5-lipoxygenase pathway in the regulation of blood pressure
in l-NAME-treated rats and (2) the involvement of endothelial CysLTs in noradrenaline-induced
contraction in aorta from l-NAME-treated rats.
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Introduction

Nitric oxide (NO) is an important modulator of vascular

function and blood pressure and chronic inhibition of NO

synthesis by No-nitro-l-arginine methyl ester (l-NAME) in

normotensive rats induces sustained hypertension. This

experimental model of hypertension is of particular interest

because it is associated with alteration of vascular reactivity

(Henrion et al., 1996) and inflammatory changes (Tomita et al.,

1998).

Leukotrienes are vasoactive and proinflammatory metabo-

lites of arachidonic acid. Their synthesis is initiated by the

calcium-dependent activation of 5-lipoxygenase (5-LOX)

(Rouzer & Kargman, 1988) and its further interaction with

the nuclear membrane-bound 5-LOX activating protein

(FLAP) (Dixon et al., 1990; Peters-Golden & Brock, 2001).

Compelling evidence suggests that cysteinyl leukotrienes

(CysLTs) may play a major role in the pathogenesis of

cardiovascular diseases (Folco et al., 2000), particularly

hypertension (Stanke-Labesque et al., 2001). In addition, the

aorta from hypertensive rats displays an increased sensitivity

to CysLTs (Stanke-Labesque et al., 2001) and CysLTs enhance

the contractile response to noradrenaline in normotensive rats

(Lawson et al., 1988).

In l-NAME-treated hypertensive rats, adrenergic tone plays

an important role in the rise in blood pressure, since this is

prevented by chronic treatment with the alpha1 adrenoceptor

antagonist prazosin (Wangensteen et al., 2002). Moreover,

noradrenaline can modulate leukotriene release (Kerttula et al.,

1995). This action is primarily a consequence of phospholipase
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activation, resulting in the formation of free arachidonic acid,

which is then available for metabolism by oxygenases (LaBelle

& Polyak, 1998).

The aim of the present study was therefore to investigate the

effect of inhibition of leukotriene biosynthesis with the FLAP

inhibitor MK-886 on blood pressure elevation and on the

contractile response to noradrenaline in l-NAME-treated rats.

Methods

The care and use of animals in this work were in accordance

with the Guide for the Care and Use of Laboratory Animals

published by the National Institutes of Health (NIH Publica-

tion No. 85-23, revised 1985).

Experimental groups

Experiments were conducted on 63 adult male Wistar rats

(weight range 220–240 g) from IFFA CREDO (France). Rats

were separated randomly into four groups. The first group

(Methocel rats) received Methocel (methylcellulose, 0.1%) in

their drinking water, since 0.1% Methocel was recommended

by Merck Frosst for the solubilisation of MK-886. The second

group (l-NAME rats) received the NO synthase inhibitor l-

NAME (1mgml�1) and 0.1% Methocel (Tomita et al., 1998;

Usui et al., 2000) in their drinking water. At this concentra-

tion, the daily intake of l-NAME was 30–40mgday�1. This

dose of l-NAME has been chosen, since chronic treatment

with l-NAME (1mgml�1) induced inflammatory changes in

the vessels (Katoh et al., 1998; Usui et al., 2000). The third

group (l-NAME-MK-886 rats) received the leukotriene

synthesis inhibitor MK-886 (0.1mgml�1) (Salas et al., 1998),

l-NAME (1mgml�1) and 0.1% Methocel in their drinking

water. This dose of MK-886 has been reported to effectively

block leukotriene release in rats (Raychaudhuri et al., 1993).

The fourth group (MK-886 rats) received MK-886

(0.1mgml�1) and 0.1% Methocel in their drinking water. We

measured the actual volume of water drunk by each rat on a

daily basis and confirmed that all animals drank 30–40ml of

the water containing the drugs. The treatments were carried

out for 3 weeks.

The rats were anaesthetised by intraperitoneal injection of

sodium pentobarbital (50mgkg�1), and mean arterial blood

pressure (MABP) was measured as previously described

(Stanke-Labesque et al., 2001; 2002). The right carotid artery

of the rats was cannulated with polyethylene tubing (PE-50)

connected to a pressure transducer (Statham, U.S.A.) for

recording arterial blood pressure on a polygraph (Wind-

ograph, Gould Instruments, U.S.A.).

Vessel preparation

After measurement of MABP, the thoracic aorta was excised,

transferred to a dish filled with Krebs bicarbonate buffer,

cleared of periadventitial tissue and cut into ring segments

(3.0mm in length). In some rings, the endothelium was

removed by gentle rubbing of the intimal surface with small

forceps; in the remaining rings, care was taken not to touch the

inner surface of the blood vessels.

Measurement of isometric tension in rings of aorta

Studies of tension development were performed on aortic ring

segments using a previously reported method (Stanke-Lab-

esque et al., 2001; 2002). The aortic rings were initially

stretched to a given preload of 1.5 g. After the 60-min

equilibration period, experiments were initiated by inducing

a reference contraction in response to KCl (90mm) in each

ring. In intact aortic rings, the contractions elicited by

90mm KCl were, for each group of rats, 35787120mg

(Methocel rats, n¼ 71), 3561798mg (l-NAME rats,

n¼ 135), 40947111mg (l-NAME-MK-886 rats, n¼ 73) and
40907170mg (MK-886 rats, n¼ 28). In endothelium-denuded
aortic rings, the contractions elicited by 90mm KCl were:

29047134mg (Methocel rats, n¼ 57), 26997155mg (l-

NAME rats, n¼ 57), 27797118mg (l-NAME-MK-886 rats,

n¼ 32) and 25107150mg (MK-886 rats, n¼ 21).
Endothelial function was assessed by testing the relaxant

effect of acetylcholine (10 nm–0.1mm) on aortic rings

precontracted with phenylephrine (30 nm–0.1 mm). The

failure of acetylcholine to elicit relaxation of aortic rings

previously subjected to rubbing of the intimal surface

was taken as a proof of endothelium removal. Subsequently,

the rings were allowed to equilibrate for another hour,

during which the Krebs solution was changed every 15min.

Only one cumulative concentration–response curve

was established for noradrenaline (0.5 log increments,

0.1 nm–3mm) in each ring.
The contribution of CysLTs to the contractile response to

noradrenaline was assessed by prior incubation of the

preparations for 30min with the specific FLAP inhibitor

MK-886 (10 mm) (Rouzer et al., 1990), the specific CysLT1
receptor antagonist MK571 (1 mm) (Lynch et al., 1999) or the
dual CysLT1/CysLT2 receptor antagonist BAY-u9773 (0.1 mm)
(Heise et al., 2000; Nothacker et al., 2000). For all experiments,

appropriate controls (incubation with vehicle) were run under

similar experimental conditions in rings obtained from the

same aorta.

The contractile effects of the CysLTs were also assessed in

intact aortic rings from both Methocel and l-NAME rats.

Cumulative concentration–response curves were constructed

for LTC4 and LTD4 (1 log increment, 1 pm–0.1mm) vs basal
tone. In addition, cumulative concentration–response curves

for LTD4 were performed on aortic rings precontracted with

phenylephrine (30 nm–0.1mm) in the presence of MK571

(1 mm, 30min) or vehicle. Lastly, since LTD4 has been shown

to enhance noradrenaline-induced contraction in rat aorta

(Lawson et al., 1988), the effect of LTD4 on the contractile

response to noradrenaline was studied on intact aortic rings

from Methocel rats. Aortic rings were pretreated with LTD4

(1, 10 nm or 0.1mm) for 3min (Lawson et al., 1988) before the
cumulative addition of noradrenaline.

Measurement of CysLT release in rings of rat aorta

The levels of total CysLTs (LTC4, LTD4 and LTE4) released

by aortic rings in response to noradrenaline were measured as

previously described (Stanke-Labesque et al., 2001; 2002).

Briefly, intact and endothelium-denuded aortic rings from all

rat groups were incubated for 30min with either noradrenaline

(0.3 mm, 30min) or vehicle (control experiments). The intact
aortic rings from l-NAME rats were also challenged with
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noradrenaline (3 mm) in order to check whether noradrenaline
induced a concentration-dependent release of CysLTs. The

Krebs solution was collected and samples were frozen at

�801C for later measurement of CysLT levels. The rings were

dried in an oven for measurement of dry weight tissue. CysLTs

were measured by enzyme immunoassay according to the

manufacturer’s instructions using reagents purchased from

Cayman (Ann Arbor, U.S.A.). The detection limit of the assay

was 3.2 pgml�1, the EC50 value (50% B B0�1) was 36.6 pgml�1

and the intra and interassay coefficients of variation were

o10%.

Drugs

KCl (Prolabo Normapur grade), acetylcholine, noradrenaline,

AA861 (2,3,5-trimethyl-6-(12-hydroxy-5, 10-dodecadynyl)-1,

4-benzoquinone), l-NAME and Methocel were from Sigma

(L’isle d’Abeau, France). Leukotriene C4, leukotriene D4,

leukotriene E4 and the CysLT1 receptor antagonist MK571

(propanoic acid, 3-[[[3-[2-(7-chloro-2-quinolinyl)ethenyl]phe-

nyl][3-(dimethylamino)-3-oxopropyl]thio]methyl]thio]-(E)-, so-

dium salt) were purchased from Cayman (Ann. Arbor, U.S.A.)

3-[1-(4-chlorobenzyl)-3-t-butyl-thio-5-isopropylindol-2-yl]-2,2-

dimethylpropanoic acid (MK-886) was kindly provided by

Merck Frosst, Zuebee, Canada. BAY-u9773 was from Biomol.

Plymouth, U.S.A. Drugs were kept at –201C or, for

leukotrienes �801C, and freshly dissolved in distilled water

to the appropriate concentration expressed as the final molar

concentration in the organ bath.

Statistical analysis

Contractile responses were expressed as a percentage of the

contraction induced by 90mm KCl. The maximal effect (Emax)

was the greatest response obtained with the agonist.

The concentration of agonist producing 50% of the maximal

effect (EC50) was determined from each curve using a logistic

curve-fitting equation. The pD2 value is the negative logarithm

of the EC50. The data for CysLTs were expressed as

percentages of the control values. The data for the control

values were given as pgmg�1 dry weight tissue. Results are

expressed as means7standard error of the mean (s.e.m.)

for the specified number (n) of preparations tested. Statistical

analyses were performed using analysis of variance (ANOVA)

for repeated measures, followed by the Bonferroni corrected

t-test. Individual comparisons were made by Student’s

t-test for unpaired data. P-values o0.05 were considered

significant.

Results

Body weight and MABP

After the 3-week treatment period, body weight was signifi-

cantly less in l-NAME rats than in Methocel rats, whereas it

was similar in Methocel, MK-886 and l-NAME-MK-886 rats

(Table 1).

Mean arterial blood pressure was markedly increased in the

l-NAME group compared with the Methocel group (Table 1).

Chronic treatment with MK-886 prevented this elevation of

MABP (Table 1). In contrast, MABP was similar in Methocel

and MK-886 rats (Table 1).

Organ chamber experiments

Noradrenaline induced concentration-dependent contractions

of isolated aortic rings from all rat groups (Figure 1). In terms

of potency (pD2), the contractions elicited by noradrenaline in

aortic rings with the endothelium present were greater in l-

NAME rats than in Methocel rats (Table 2). In terms of

efficacy, the response to noradrenaline (expressed either as a

percentage of the contraction elicited by KCl (90mm) or as

milligrams of isometric force) was not significantly different in

rings with or without endothelium from Methocel and l-

NAME rats (Table 2). On the other hand, the amplitude of the

contraction elicited by noradrenaline was significantly reduced

in intact aortic rings from l-NAME-MK-886 rats compared

with those in intact aortic rings from Methocel, l-NAME and

MK-886 rats (Table 2).

In intact aorta from l-NAME rats, the FLAP inhibitor

MK-886 (10mm) reduced the resting tone by 36.7720.6mg

(n¼ 8) and significantly reduced the amplitude of the contrac-
tion elicited by noradrenaline by 68% (Figure 1, Table 2). In

the same preparation, pretreatment with the 5-LOX inhibitor

AA861 (10 mm) also decreased the resting tone, by

26.0710.0mg (n¼ 10), and reduced the contractile response
to noradrenaline by 31.7% (Table 2). In contrast, in

endothelium-denuded aortic rings from l-NAME rats, MK-

886 did not affect the noradrenaline-induced contractions

(Figure 1, Table 2). In aortic rings from Methocel, l-NAME-

MK-886 and MK-886 rats, with or without endothelium, MK-

886 (10mm) did not affect the resting tone and did not change
the noradrenaline-induced contractions (Figure 1, Table 2).

The CysLT1 receptor antagonist MK571 (1 mm) decreased
the resting tone in intact aortic rings from l-NAME rats by

21.978.3mg (n¼ 13) and significantly reduced, by 47.8%, the

contraction elicited by noradrenaline (Figure 2, Table 2). In

the same preparation, the CysLT1/CysLT2 receptor antagonist

BAY-u9773 (0.1 mm) also decreased the resting tone by

Table 1 Body weight (expressed as g) and MABP (expressed as mmHg) of Methocel, l-NAME, l-NAME-MK-886 and
MK-886 rats

Parameters Methocel l-NAME l-NAME-MK-886 MK-886

Body weight 409.5721.1 370.079.5* 395.6716.9 440.076.7
MABP 110.774.8 173.379.4* 128.478.2 127.573.8
Numbers of rats 11 25 17 10

Results are expressed as means7s.e.m. for the number of animals indicated. *Po0.001 vs Methocel, MK-886 and l-NAME-MK-886 rats.
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26.6713.6mg (n¼ 9) and significantly reduced the amplitude
of the noradrenaline-induced contraction by 59.7%. Pretreat-

ment with MK571 or BAY-u9773, on the other hand, did not

change the contraction elicited by noradrenaline in endothe-

lium-denuded aortic rings from l-NAME rats. Similarly, in

aortic rings with or without endothelium from Methocel, L-

NAME-MK-886 and MK-886 rats, MK571 did not signifi-

cantly change the noradrenaline-evoked contraction (Figure 2).

LTC4, LTD4 and LTE4 induced no contraction of intact

aortic rings from Methocel rats (n¼ 3 for each leukotriene,

data not shown). In aortic rings from l-NAME rats, LTC4 and

LTE4 had no effect on the basal tone (n¼ 3 for LTC4 and
LTE4, data not shown), whereas LTD4 at a concentration of

0.1 mm elicited weak but stable contractions (78.7735.6mg,

n¼ 3). In phenylephrine-precontracted aortic rings, LTD4

induced a biphasic effect. At concentrations between 10 pm

and 10 nm, LTD4 induced a concentration-dependent relaxa-

tion of the aortic rings that was much weaker (Po0.001) in l-

NAME than Methocel rats (Figure 3). At a concentration of

0.1mm, LTD4 induced a contraction that was greater

(Po0.001) in aortic rings from L-NAME rats than in rings

from Methocel rats (Figure 3). Pretreatment with MK571

(1 mm) abolished the LTD4-induced contraction (Figure 3).

Furthermore, when aortic rings from Methocel rats were

pretreated with subthreshold concentrations of LTD4, the

contractile responses to noradrenaline were not significantly

changed: the pd2 values were 7.170.1 (n¼ 6), 7.170.1 (n¼ 6),
7.070.1 (n¼ 6) and 7.070.2 (n¼ 6), and the Emax values were
110.679.2 (n¼ 6), 113.974.3 (n¼ 6), 117.977.4 (n¼ 6) and
99.879.4 (n¼ 6), in the presence of 1, 10 nm and 0.1mm LTD4

and vehicle, respectively.

Release of CysLTs in rings of rat aorta

Noradrenaline induced a significant two-fold increase over the

control values in CysLT release in intact aortic rings from l-

NAME rats (Table 3). This increase in CysLTs in response to

noradrenaline was concentration-dependent, since 3mm nora-

Figure 1 Effect of MK-886 (10 mm) on concentration–response curves for noradrenaline in aortic rings with (Eþ ) or without (E�)
endothelium from Methocel, l-NAME, l-NAME-MK-886 and MK-886 rats. Results are expressed as a percentage of the
contraction elicited by 90mm KCl and are presented as means7s.e.m. of experiments performed on n aortic rings as indicated in
Table 2. *Po0.05 vs respective vehicle.
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drenaline induced a greater increase in CysLT release

(percentage of control values: 320.7779.2 (n¼ 4), Po0.001

vs control values, Po0.01 vs 0.3mm noradrenaline). In

contrast, in endothelium-denuded aortic rings from l-NAME

rats and in aortic rings from Methocel, l-NAME-MK-886 and

MK-886 rats, with or without endothelium, noradrenaline

failed to modify CysLT release (Table 3).

Discussion

Long-term inhibition of endothelial NO synthesis by admin-

istration of l-NAME to rats induces experimental hyperten-

sion. The present study demonstrated for the first time that

inhibition of leukotriene biosynthesis prevents l-NAME-

induced hypertension, suggesting the involvement of 5-LOX-

derived products in the regulation of MABP in l-NAME-

treated rats. Consistent with this finding, previous studies have

reported that nonspecific lipoxygenase inhibitors decreased

arterial blood pressure in spontaneously hypertensive rats

(Stern et al., 1993), aortic coarctation-induced hypertensive

rats (DelliPizzi et al., 2000) and renovascular hypertensive rats

(Nozawa et al., 1990). In the present study, MK-866 was used

to investigate the involvement of leukotrienes in MABP

regulation, since MK-866 blocks the binding of 5-LOX to

the membrane by specifically interacting with the membrane-

bound activating protein FLAP (Rouzer et al., 1990), which is

necessary for cellular leukotriene biosynthesis (Dixon et al.,

1990). Since in our experiments MABP was similar in

Methocel- and MK-886-treated rats, a nonspecific effect of

MK-886 appeared unlikely. In agreement with this result,

intravenous administration of MK-886 did not change MABP

in pigs (Provost et al., 1998).

In addition to increasing MABP, chronic oral treatment

with l-NAME induced marked functional alteration of large

conduit arteries such as the aorta (Henrion et al., 1996). The

present study demonstrated that CysLTs are involved in the

contractile effect of noradrenaline in aortic rings from l-

NAME- but not Methocel-treated rats. Indeed, inhibition of

leukotriene biosynthesis with either the FLAP inhibitor MK-

886 (Rouzer et al., 1990) or the redox 5-LOX inhibitor AA861

(Steinhilber, 1999) significantly reduced the noradrenaline-

induced contractions in intact aorta from l-NAME- but not

Methocel-treated rats. In contrast, in our endothelium-

denuded aortic rings from l-NAME- and Methocel-treated

rats, inhibition of leukotriene biosynthesis did not affect the

contractions elicited by noradrenaline. Collectively, these data

suggested that part of the noradrenaline-induced contraction is

supported by endothelial contractile 5-LOX-derived products

in intact aorta from l-NAME- but not Methocel-treated rats.

Consistent with these data, a recent study reported that

CysLTs are involved in the endothelium-dependent contrac-

tion in response to acetylcholine in rat aorta (Mazzetti et al.,

2003). However, there was no significant difference in the

Table 2 Effects of MK-886 (10 mm), AA861 (10mm), MK571 (1 mm) and BAY-u9773 (0.1 mm) or vehicle on
noradrenaline-induced contraction in aorta from all rat groups

Methocel l-NAME l-NAME MK-886 MK-886

With endothelium

Vehicle pD2 6.970.2 (19) 7.370.1* (22) 6.970.1 (17) 6.970.1 (8)
Emax (%) 90.079.2 (19) 74.777.7 (22) 31.174.6 (17) 95.874.5 (8)
Emax (mg) 28347260 22817186 13487205 33707312

MK-886 pD2 6.770.2 (6) 7.070.1** (8) 6.870.1 (10) 7.170.1 (6)
Emax 79.074.2 (6) 18.873.6** (8) 24.774.0 (10) 87.879.7 (6)

AA861 pD2 7.270.1 (5) 7.270.1 (10) 7.270.1 (10) 6.970.1 (6)
Emax 94.7710.2 (5) 47.078.4** (10) 29.876.4 (6) 102.9716.9(6)

MK571 pD2 7.170.3 (6) 7.070.1** (7) 7.070.1 (7) 6.970.1 (6)
Emax 73.0711.1 (6) 43.479.4** (7) 48.873.4 (7) 93.377.8 (6)

BAY-u9773 pD2 ND 7.070.1** (9) ND ND
Emax ND 27.673.2** (9) ND ND

Without endothelium
Vehicle pD2 7.470.1 (18) 7.770.1 (17) 7.770.1 (15) 7.370.1 (8)

Emax (%) 155.779.1 (18) 122.675.6 (17) 113.075.1 (15) 150.674.1 (8)
Emax (mg) 30327222 23227207 276570.365 31957234

MK-886 pD2 7.570.1 (6) 7.670.1 (7) 7.670.2 (9) 7.370.1 (6)
Emax 134.278.0 (6) 119.477.6 (13) 95.977.2 (9) 134.076.6 (6)

MK571 pD2 7.570.1 (4) 7.870.1 (6) 7.670.2 (6) 7.370.1 (6)
Emax 127.275.4 (4) 132.177.0 (6) 117.475.7 (6) 146.779.8 (6)

BAY-u9773 pD2 ND 7.670.1 (6) ND ND
Emax ND 140.7720.8 (6) ND ND

The Emax values of noradrenaline in the presence of vehicle are expressed as a percentage of the contraction elicited by 90mm KCl and as
mg of isometric force. All results are expressed as mean7s.e.m. of n aortic rings as indicated in parentheses. *Po0.05 vs Methocel,
l-NAME-MK-886 and MK-886 rats; Po0.001 vs Methocel, MK-886 and l-NAME rats; **Po0.05 vs respective vehicle; ND: not
determined.
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amplitude of the contraction evoked by noradrenaline between

l-NAME- and Methocel-treated rats, suggesting that the

signaling pathways involved in the contractile response to

noradrenaline are different, with contractile 5-LOX-derived

products being recruited in l-NAME- but not in Methocel-

treated rats. Among the 5-LOX-derived products, CysLTs

modulate the vascular tone in aorta from hypertensive rats

(Stanke-Labesque et al., 2001; 2002). Therefore, the contribu-

tion of the CysLT receptors to noradrenaline-induced con-

traction was studied next using the selective CysLT1 receptor

antagonist MK571 and the dual CysLT1/CysLT2 receptor

antagonist BAY-u9773. In l-NAME-treated rats, the contrac-

tion elicited by noradrenaline was significantly reduced in the

presence of MK571 in aortic rings with endothelium, but not

in endothelium-denuded aortic rings. These data are consistent

with the inhibitory effect of 5-LOX inhibitors on noradrena-

line-induced contraction in intact aortic rings from l-NAME-

treated rats and with the endothelial location of CysLT1
receptors (Walch et al., 2000), and suggest that stimulation of

CysLT1 receptors could be involved in the noradrenaline-

evoked contractile response in aorta from l-NAME-treated

rats. However, since pretreatment with the dual CysLT1/

CysLT2 receptor antagonist BAY-u9773 produced a greater

reduction in the amplitude of the contraction elicited by

noradrenaline, the activation of a contractile CysLT2 receptor

(Walch et al., 2000) cannot be excluded.

The contribution of CysLTs to noradrenaline-induced

contractions was confirmed by the finding that noradrenaline

induced the release of CysLTs in intact aortic rings from l-

NAME-treated rats, but failed to stimulate the release of

CysLTs in either endothelium-denuded aortic rings from l-

NAME-treated rats or aortic rings with or without endothe-

lium from Methocel-treated rats. It is now well established that

angiotensin II-dependent hypertension is associated with

alteration of eicosanoid metabolism (Nasjletti, 1998). In

particular, previous studies have demonstrated an increased

release of CysLTs in response to angiotensin II in aortic rings

from hypertensive rats (Stanke-Labesque et al., 2001; 2002).

The present study demonstrated that noradrenaline can also

promote the release of CysLTs in aortic rings from hyperten-

Figure 2 Effect of MK571 (1 mm) on concentration–response curves for noradrenaline in aortic rings with (Eþ ) or without (E�)
endothelium from Methocel, l-NAME, l-NAME-MK-886 and MK-886 rats. Results are expressed as a percentage of the
contraction elicited by 90mm KCl and are presented as means7s.e.m. of experiments performed on n aortic rings as indicated in
Table 2. *Po0.05 vs respective vehicle.

F. Stanke-Labesque et al Leukotrienes and L-NAME-induced by hypertension 191

British Journal of Pharmacology vol 140 (1)



sive rats; however, the presence of the endothelium was

required to stimulate CysLT synthesis in response to nora-

drenaline. These data suggest that noradrenaline induces

CysLT release through the stimulation of an endothelial

adrenoceptor. Furthermore, since CysLTs contribute to the

contraction elicited by noradrenaline, the adrenoceptors

involved in their release are likely to be receptors that mediate

the contractile response, that is, alpha receptors. Further

experiments are, however, required to identify the adrenocep-

tor subtype involved in noradrenaline-induced CysLT release.

In addition, it is now well established that CysLTs can be

produced in the vessel wall by endothelial or vascular smooth

muscle cells from neutrophil-derived leukotrienes (Sala &

Folco, 2001). An increase in the adhesion of polymorpho-

nuclear cells to the endothelium has been found in rat aorta

following chronic treatment with l-NAME (Tomita et al.,

1998) and inhibition of NO synthesis has been reported to

enhance transcellular metabolism-derived CysLT synthesis in

the rabbit coronary artery (Buccellati et al., 1997). All these

data are consistent with our findings that noradrenaline

enhances CysLT release in aortic rings with intact endothelium

from l-NAME-treated rats.

We studied the vascular effects of LTC4 and LTD4 in intact

aortic rings from all the rat groups. In aortic rings from

Methocel-treated rats, LTD4 induced either no change to the

basal tone or, at concentrations up to 10 nm, a concentration-

dependent relaxation in phenylephrine-induced tone. This

relaxation has been reported to be NO-dependent (Pawloski

& Chapnick, 1993). Our results support these findings,

showing that the relaxation was inhibited in aortic rings from

l-NAME rats. In contrast, at a concentration of 0.1 mm, LTD4

elicited weak contractions in aortic rings with intact endothe-

lium from l-NAME rats, whether the rings were under basal

tone or precontracted with phenylephrine. In line with these

findings, inhibition of NO synthase with No-nitro-l-arginine

enhanced LTD4-evoked contraction in aorta from sponta-

neously hypertensive rats (Stanke-Labesque et al., 2001). This

weak contraction was inhibited by MK571, suggesting that

LTD4 induces contraction through stimulation of CysLT1
receptors. These data are in agreement with previous reports of

an increased sensitivity to CysLTs of aortic rings from

hypertensive rats (Stanke-Labesque et al., 2001; 2002) and

suggest that CysLTs may contribute to the contractile effect of

noradrenaline in aorta from l-NAME-treated rats at least in

part through stimulation of CysLT1 receptors. However, in

contrast to previous data obtained in aorta from Sprague–

Dawley rats (Lawson et al., 1988), the addition of exogenous

LTD4 in our experiments did not modify the contractile

response to noradrenaline in aorta from Methocel-treated rats.

This discrepancy could be explained by the different rat species

used in the studies. However, the present findings are

consistent with the hypothesis that different signaling path-

ways are involved in the contraction elicited by noradrenaline

in normotensive and hypertensive rats, with the recruitment of

a CysLT-mediated constrictor response in hypertensive rats

but not in control normotensive rats. Moreover, the observa-

tion that the contractile response to noradrenaline was weaker

(in terms of efficacy and potency) in l-NAME-MK-886- than

l-NAME-treated rats provides additional evidence for the

involvement of constrictor CysLTs in the noradrenaline-

induced contraction in aorta from l-NAME-treated rats.

Again, a nonspecific effect of MK-886 can be excluded since

the contraction elicited by noradrenaline was similar in

Methocel- and MK-886-treated rats. Indeed, in rat pulmonary

arterial myocytes, MK-886, at the same concentration used in

the present study for in vitro experiments (10 mm), activated the
delayed rectifier Kþ current IKCa (Smirnov et al., 1998). Since

the activation of IKCa leads to an increase in intracellular Ca
2þ

concentration, a greater contraction in response to noradrena-

line would be expected in aorta from MK-886-treated rats.

Furthermore, this effect of MK-886 occurred independently on

any leukotriene biosynthesis. In contrast, the present study

Figure 3 (a) Concentration–response curves for LTD4 in aortic
rings with endothelium from Methocel and l-NAME rats. (b) Effect
of MK571 (1 mm) on LTD4-evoked vascular effects in aortic rings
with endothelium from l-NAME rats. Results are expressed as a
percentage of relaxation/phenylephrine-induced tone and are pre-
sented as means7s.e.m. of experiments performed on four aortic
rings from four Methocel and four l-NAME rats. *Po0.001 vs
Methocel rats, **Po0.05 vs vehicle.
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clearly demonstrates that MK-886 reduces noradrenaline-

induced contraction in l-NAME-treated rats through inhibi-

tion of leukotriene synthesis. We have previously reported that

CysLTs modulate the contraction elicited by angiotensin II in

hypertensive rats (Stanke-Labesque et al., 2001; 2002). The

present study extends these findings and demonstrates a

modulatory effect of CysLTs on noradrenaline-induced con-

traction in hypertensive states.

In conclusion, the present study demonstrates that inhibi-

tion of leukotriene biosynthesis by the FLAP inhibitor MK-

886 prevents in vivo the l-NAME-induced increase in blood

pressure and reduces in vitro the contraction elicited by

noradrenaline. This reduction in the contractile response to

noradrenaline could account, at least in part, for the

prevention of l-NAME-induced hypertension by MK-886.

In addition to increasing the evidence for the involvement of

lipoxygenase-derived products in the pathogenesis of hyper-

tension (Gonzalez-Nunez et al., 2001), these data are of

potential clinical interest, suggesting a role for inhibition of the

5-LOX pathway in the treatment of hypertension. Additional

experiments on resistance arteries from l-NAME-treated rats

will further address the role of 5-LOX-derived products in the

regulation of blood pressure in experimental hypertensive

states.
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