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Aims Angiotensin II is a putative mediator in bronchial asthma. There have been
very few studies investigating the involvement of angiotensin II receptors in bron-
chial hyper-responsiveness in asthmatic patients. We examined the effect of cande-
sartan cilexetil, a specific angiotensin II type 1 (AT1) receptor antagonist, on
bronchial responsiveness to inhaled methacholine in patients with asthma.

Methods Bronchial responsiveness to methacholine, assessed as the concentration of
methacholine producing a 20% fall in FEV; (PCy-FEV)), was measured on three
occasions 2 weeks apart in 11 stable asthmatic patients. Candesartan cilexetil (8 mg
once a day) or a placebo was orally administered for 1 week before the methacholine
provocation test in a double-blind, randomized, crossover manner.

Results Although there were no significant differences between treatment periods
in FEV, values at baseline, the geometric mean (95% CI) PC,-FEV, values increased
significantly (P = 0.041) from 0.691 (0.379, 1.259) mg ml™" with placebo to 0.837
(0.506, 1.384) mg ml™" with candesartan. Candesartan decreased the mean (95% CI)
arterial blood pressure (placebo: 95.6 (89.0, 102.2) mmHg, candesartan: 86.4 (79.8,
93.1) mmHg, P=0.015). There was no correlation between the change in blood
pressure and the change in PC,-FEV,.

Conclusions We conclude that AT1 receptors are involved in bronchial hyper-
responsiveness in asthmatic patients.
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Introduction

Angiotensin II mediates most of the biological eftects of
the renin-angiotensin system (RAS), and is formed from
angiotensin I by the angiotensin-converting enzyme
(ACE), which is highly expressed in the lungs [1]. There
are two major receptor binding sites for angiotensin II
that can be defined pharmacologically by losartan and
PD123177, and act as angiotensin II type 1 (AT1) and
type 2 (AT2) receptors [2, 3]. Most of the known phys-
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iological functions of angiotensin II, including vasocon-
striction, aldosterone release, enhanced noradrenaline
release, feedback control of renin release, and drinking
behaviour, are mediated by the AT1 receptor subtype [4].
Both Northern [5] and Western blot [6] analyses have
demonstrated that the AT1 receptor expression in human
lung tissue.

Some animal studies have demonstrated that AT1
receptors are involved in angiotensin II-induced bron-
choconstriction in guinea pigs [7, 8], peptide leukotriene
(LT) production in guinea pig airways [7], potentiating
effect of angiotensin II on endothelin-1-induced con-
traction of bovine bronchial smooth muscle [9], and Cl
secretion by canine tracheal epithelium [10]. We previ-
ously demonstrated that candesartan, an AT1 receptor
antagonist, prevented antigen-induced airway hyper-
responsiveness and eosinophil accumulation in the guinea
pig airway [11]. These observations suggest that angio-
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tensin II is a putative mediator in bronchial asthma.
Indeed, in asthmatic patients, activation of the RAS with
an elevation in plasma renin and angiotensin II levels is
observed during severe acute attacks [12, 13]. Angio-
tensin II causes bronchoconstriction in mildly asthmatic
patients [14] and angiotensin II in subthreshold concen-
trations increases bronchial responsiveness to methacho-
line both in human bronchi in vitro and in mildly
asthmatic patients in wvivo [14]. We demonstrated that
losartan, an AT1 receptor antagonist, slightly reduced
methacholine airway hyper-responsiveness in patients
with asthma [15]. Recently, Tanaka ef al. [16] reported
that bronchial hyper-responsiveness has a tendency to
improve in asthmatic patients treated with candesartan,
but with no statistically significant difference. In their
study, however, the dose of candesartan may have been
insufficient and 95% of asthmatic patients were treated
with inhaled corticosteroids of 200 ug to 1600 ug, which
may mask the reducing effect of candesartan on bronchial
hyper-responsiveness. In this study, to determine the
effect of candesartan on bronchial hyper-responsiveness
in patients with asthma, we used the recommended max-
imum dose of candesartan, and enrolled asthmatic
patients who were not taking high dose inhaled corti-
costeroids.

Methods
Patients

Eleven asthmatic patients (eight males, three females,
aged 29—68 years) with baseline FEV, values of 54.9—
100.5% of predicted values were studied (Table 1). None
of the patients had ever smoked or experienced any

Table 1 Subject characteristics.

Age FEV, FEV,/FVC

Subject (years)  Sex (% predicted) (%) Treatment

1 61 M 80.5 54.2 S

2 29 M 100.5 79.7 S

3 63 M 83.1 62.5 S, B (400)

4 35 M 80.8 71.7 S

5 61 M 100.4 79.8 S

6 47 F 97.2 73.2 S

7 64 F 92.3 70.9 S, B (800)

8 57 M 89.0 70.2 S

9 66 M 76.9 53.6 S, B (400)
10 41 F 71.8 72.0 S, B (400)
1 68 M 54.9 54.2 S, B (800)
Mean 54 84.3 67.5
95% CI 45, 63 75.1, 93.5 60.9, 74.0

Be (mg) = beclomethasone dipropionate via metered dose inhaler
(daily inhaled dose); S = salbutamol via metered dose inhaler on

demand.
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occupational exposure, and each patient satisfied the
American Thoracic Society definition of asthma, with
symptoms of episodic wheezing, cough, and shortness of
breath responding to bronchodilators and reversible air-
flow obstruction (more than 15% reversibility in terms
of FEV,) documented in at least one pulmonary function
study [17]. The patients had no history of excessive
mucus expectoration, and no low-attenuation areas on
thin-slice chest. None of the patients had taken theo-
phylline, antihistamines, sodium cromoglycate, or oral
corticosteroids for at least 2 months prior to the study,
and none had experienced an upper respiratory tract
infection in the preceding month or during the study.
The study was performed while symptoms were mild and
stable. Written informed consent was obtained from all
patients. The study was approved by the ethics committee
of the university hospital.

Study protocol

The study was performed in a randomized, double-blind,
placebo-controlled, two-period crossover manner. The
methacholine concentration producing a 20% fall in
FEV, (PC,-FEV,) was measured on three occasions
2 weeks apart. The first methacholine test was at a run-
in period, and the second and third tests were in the
crossover phase. Candesartan cilexetil was administered
orally at a dose of 8 mg once a day, 30 min after break-
fast, for 6 days, and at 08.00 h on the 7th day (test day).
At the time of crossover from the first to the second
treatment regimen, administration of the test drug was
suspended for 1 week. Permitted medication, which
remained unchanged during the study, included inhaled
B,-adrenoceptor agonists and inhaled corticosteroids up
to 800 pg day™'. Inhaled B,-adrenoceptor agonists and
inhaled corticosteroids were stopped at 13.00 h on the
previous day to allow a washout time of at least 24 h.
The bronchial responsiveness to inhaled methacholine
was then determined at 13.00 h after blood pressure was
measured. Blood pressure was measured on the same arm
at each visit with a mercury sphygmomanometer with a
cuff of appropriate size. After 5 min of rest, sitting systolic
blood pressure and diastolic blood pressure were mea-
sured to the nearest 2 mmHg.

Bronchial responsiveness to inhaled methacholine

Methacholine was dissolved in physiological saline solu-
tion to produce concentrations of 0.04, 0.08, 0.16, 0.31,
0.63, 1.25, 2.5, 5, 10, 20, 40, and 80 mg ml™. Saline and
each solution were inhaled from a DeVilbiss 646 nebu-
lizer (DeVilbiss Co., Somerset, PA) operated by com-
pressed air at 51min"'. The nebulizer output was
0.14 ml min™'. Saline was inhaled first for 2 min and
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FEV, (Chestac 55, Chest Ltd, Nagoya, Japan) was mea-
sured. If the change in FEV, from the baseline value was
10% or less, inhalation of methacholine was started, and
it the saline solution induced a change in FEV, > 10%,
the test was stopped or postponed. Methacholine was
inhaled for 2 min by tidal mouth breathing with the
patients wearing a nose clip, followed immediately by
three measurements of FEV, at 1 min intervals; the curve
with the largest FEV, was retained for analysis. Increasing
concentrations of methacholine were inhaled until a fall
of 20% or more in FEV, occurred.

Data analysis

All data were expressed as mean and 95% confidence
intervals (95% CI). PCy-FEV, was determined by linear
interpolation from the log dose—response curve, and was
logarithmically transformed for analysis. Statistical analy-
ses of PCy-FEV, values were performed on logarithmi-
cally repeated measure
ANOVA was used for testing for direct effect, period effect
and treatment by period interaction (carry-over effect).
Change in PC,-FEV, and blood pressure between can-
desartan day and placebo day was calculated as (baseline
values after candesartan minus baseline values after pla-
cebo)/baseline values after placebo. Statistical differences

transformed data. Factorial

between two-period crossover examinations were deter-
mined by Student's paired t-test. Correlations were
obtained using Pearson's correlation coefficient. A value
of P<0.05 was considered to be statistically significant.

Results

Six and five patients received candesartan and placebo for
the first treatment period, respectively. Baseline (run-in
period) values of PC,-FEV, did not differ between the
groups (P=0.242). Results of analyses are shown in
Table 2. Treatment by period interaction (carry-over
effect) was not significant (P = 0.09). PCy-FEV, values
in the first period did not significantly differ from the
values in the second period (P = 0.395). The geometric
mean PC,-FEV, wvalues increased significantly (direct
treatment effect, P=0.041) from 0.691 (0.379, 1.259)

Table 2 Summary of data on bronchial hyper-responsiveness.

mg ml™" with placebo to 0.837 (0.506, 1.384) mg ml™
with candesartan (Figure 1). There were no significant
differences in baseline FEV, values between treatments
(placebo: 2.31 (1.82, 2.79) 1, candesartan: 2.38 (1.91,
2.86) 1, P=0.184).

Candesartan decreased the mean blood pressure (pla-
cebo: 95.6 (89.0, 102.2) mmHg, candesartan: 86.4 (79.8,
93.1), mmHg, P=0.015) without affecting heart
rate (placebo: 80.5 (72.4, 88.5) min~', candesartan:
80.0 £ (71.9, 88.1) beats min~', P = 0.922). There was no
correlation between the change in blood pressure and the
change in PC,-FEV, (r=0.171, P=0.850; Figure 2).
No patient complained of adverse effects.

Discussion

The present study investigated the effect of candesartan
cilexetil on bronchial hyper-responsiveness to methacho-
line in 11 patients with asthma. The results indicated that
the PC,~-FEV, was attenuated by candesartan. The eftects
of candesartan on PC,-FEV, appear to be specific,
because the drug alone did not affect baseline FEV;.
Therefore, the effect of candesartan on PC,,-FEV, can-
not be attributed to bronchodilatory eftects of the com-
pound. As the sample size of this study was small, the
power was calculated retrospectively. The calculation
showed that the sample size would give a 70% probability
of detecting a true effect of candesartan in the ratio of
PC,-FEV, with candesartan to PC,-FEV, with placebo
(> 1.25) when using a test at the 5% significance level
and the standard deviation of the ratio investigated.
Two distinct subtypes of the angiotensin II receptor
have been defined based on their pharmacologic and
biochemical properties and are designated as AT1 and
AT2 receptors [2, 3]. Candesartan cilexetil is the prodrug
form of CV-11974, a new AT1 receptor antagonist with
high affinity in a receptor binding assay and high potency
in a rabbit aorta contraction assay [18]. We [15] previ-
ously reported that losartan inhibits bronchial hyper-
responsiveness in asthmatic patients. Losartan interacts
with TXA,/prostaglandin H, (PGH,) receptors [19] and
inhibits induction of platelet aggregation and vasocon-
striction in rats by the TXA, analogue U46619 [20]

First treatment Number of patients

Baseline (run-in period)

Candesartan Placebo

Candesartan 6 0.534 (0.187, 1.574)
Placebo 5 0.889 (0.445, 1.778)
Total 11 0.679 (0.386, 1.194)

0.689 (0.256, 1.854)
1.059 (0.637, 1.758)
0.837 (0.506, 1.384)

0.561 (0.171, 1.845)
0.887 (0.482, 1.637)
0.691 (0.379, 1.259)

Data are shown as geometric mean (95% CI). Treatment by period interaction: P=0.09. Period effect: P=0.395. Direct effect: P=0.041

(candesartan > placebo).
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Figure 1 The effect of candesartan cilexetil on bronchial hyper-
responsiveness to methacholine in asthmatic patients. O: patients
not taking inhaled steroids. @: patients taking inhaled steroids.
PC,-FEV,: The methacholine concentration producing a 20% fall
in FEV,. Bars: geometric mean PCy-FEV,. *P = 0.034.

which augments bronchial responsiveness in asthmatic
patients [21]. This inhibition is specific for losartan, and
CV-11974 does not interact with TXA, receptors [20].
Furthermore, the prodrug form of candesartan has no
effect on vascular contraction induced by noradrenaline,
potassium chloride, serotonin, PGF,,, or endothelin [22],
indicating that candesartan is a highly selective angio-
tensin II inhibitor. These observations suggest that AT1
receptors are involved in bronchial hyper-responsiveness
in asthmatic patients.

Although angiotensin II increases bronchial responsive-
ness to methacholine both in human bronchi in vitro and
in mildly asthmatic patients in vivo [14], Dicpinigaitis
et al. [23] reported that losartan had no effect on PCy-
FEV, in stable mildly asthmatic patients. In their study
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Figure 2 Relationship between change in mean blood pressure
(AmBP) and PC,-FEV, (APC,-FEV)). There was no significant
correlation between them. r=0.171, P = 0.850.

[23], however, cardiovascular effects, which are useful
parameters for confirming the dose of losartan adminis-
tered, were not assessed. Indeed, we [15] recently dem-
onstrated that losartan at doses sufficient to decrease
blood  pressure hyper-
responsiveness in asthmatic patients. Recently, Tanaka
et al. [16] demonstrated that 4 mg candesartan had a
tendency to reduce bronchial hyper-responsiveness in
asthmatic patients. Recommended doses of candesartan

attenuated  methacholine

are 4-8 mg day™' in Japan, and we used 8 mg candesartan
in this study. Furthermore, in their study, 57 of 60
patients received inhalation of 200 pg to 1600 pg
beclomethasone. In this study, we excluded patients
receiving more than 800 pg beclomethasone. These dif-
ferences might be the reason for our positive results with
candesartan. However, the usefulness of candesartan for
the treatment of asthma is thought to be unclear because
the reducing effect of candesartan on bronchial hypere-
sponsiveness is not very strong. On the other hand, more
marked effects were observed in patients without inhaled
steroids compared with patients with inhaled steroids.
Therefore, inhalation of steroids could explain why there
were differences in the patients with more marked/less
marked effects. However, 11 patients are too small a
sample from which to draw a conclusion.

In the present study, candesartan decreased blood pres-
sure, which has a potential effect on airway responsive-
ness through a number of reflex mechanisms, such as a
rise in circulating adrenaline. Indeed, Fish efal. [24]
reported that calcium channel blocker, verapamil, inhib-
ited the asthmatic airway response to methacholine, but
not histaminergic or allergic stimuli. In this study, there
was no correlation between the change in blood pressure
and the change in PCy-FEV|, suggesting that the atten-
uating effect of candesartan on PCy-FEV| is not due to
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a decrease in blood pressure. It cannot be concluded,
however, that the effect observed is specific for the AT1
receptor antagonist. Additional studies using another anti-
hypertensive compound such as calcium antagonists are
required to determine the specificity of the AT1 receptor
antagonist.

In conclusion, the present results suggest that AT1
receptors are involved in bronchial hyper-responsiveness
to methacholine in patients with asthma.

We thank Dr Suling Li (Loyola University at Chicago, IL) for

statistical analysis.
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