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Summary

Background Fourteen-membered macrolides, such as roxithromycin, have been reported
to exhibit other pharmacological activity including anti-asthmatic effects, besides antibiotic
activity.

Objective This study was designed to investigate the protective effect of roxithromycin on
airway responsiveness to the sulpyrine provocation test and to investigate whether this
protective activity is associated with a reduction in aspirin-induced excretion of urinary
leucotriene g (U-LTE,), a marker of cysteinyl leucotriene overproduction that participates

in the pathogenesis of aspirin-intolerant asthma. Also, the present study was designed to
examine whether or not its anti-asthmatic activity was associated with a reduction in
eosinophilic inflammation.

Methods For 8weeks before analysis, subjects received 150 mg of roxithromycin or
matching placebo twice daily. We assessed the effects of pretreatment with roxithromycin
on bronchoconstriction precipitated by inhalation of sulpyrine in 14 adult patients with mild
or moderate aspirin-intolerant asthma; those who were in stable clinical condition and were
hyperresponsive to sulpyrine provocation test were allocated to this study. A double-blind,
randomized, crossover design was used. Urinary £ WAs measured by a combined
reverse-phase high-performance liquid chromatography (rp-HPLC) enzyme immunoassay
on sulpyrine provocation testing day. Blood and sputum samples were taken in the morning
on the sulpyrine provocation testing day. Eosinophil counting and measurement of
eosinophilic cationic protein (ECP) were performed.

Results After the 8 weeks of treatment with roxithromycin, patients’ symptoms, blood
eosinophils, serum ECP, sputum eosinophils, and sputum ECP were significantly decreased.
On the other hand, values of Pgsulpyrine did not improve after roxithromycin at all.
Furthermore, although challenge with sulpyrine caused a significant increase ingJ-LTE
pretreatment with roxithromycin or placebo did not affect excretion of uALTE

Conclusion Although roxithromycin does not have antileucotriene effects, it has an
antibronchial inflammatory effect associated with eosinophilic infiltration. This study
raises further interesting therapeutic possibilities and warrants further trials of new
approaches to the treatment of aspirin-intolerant asthma.

Keywords: aspirin-intolerant asthma, bronchial hyperresponsiveness, bronchial inflamma-
tion, eosinophils, roxithromycin

Clinical and Experimental AllergyVol. 29, pp. 950-956. Submitted 18 August 1998;
revised 23 October 1998; accepted 21 November 1998.

Correspondence: T. Shoji, Department of Internal Medicine, Showa
University Fujigaoka Hospital, 1-30 Fujigaoka Aoba-ku, Yokohama,
227-0043 Japan.

950 © 1999 Blackwell Science Ltd



Anti-inflammatory effect of roxithromycin 951

Introduction sulpyrine provocation test and to investigate whether this

N . rotective activity is associated with a reduction in aspirin-
The prevalence of aspirin-intolerant asthma is close to 209 . . .
. . . nduced excretion of urinary leucotriene; Eu-LTE,), a
in the general asthmatic population [1-3]. In the subset o : : ) -

. . L marker of cysteinyl leucotriene overproduction that partici-
asthmatics with nasal polyps and sinusitis, it was shown to . : Lo

. ) . pates in the pathogenesis of aspirin-intolerant asthma. Also,

be 34% of those asthmatics prospectively challenged wit . . )

- . S the present study was designed to examine whether or not its
acetylsalicylic acid [3]. Although aspirin-intolerant asthma

; . . o anti-asthmatic activity was associated with a reduction in
has been widely recognized as a clinical entity since the

beginning of this century, the exact pathological mechanisrﬁEOSInOphIIIC inflammation.

for the production of this syndrome still remains obscure.
: . -~ Methods
Some possible mechanisms have been proposed for aspirin-
intolerant asthma, such as bronchial overproduction otSubjects
leucotrienes and inhibition of prostaglandin (PG) synthesis
[4-6], overproduction of bronchoconstrictive PGs such adVe studied 14 adult patients with clinical histories of
PGD, metabolite %, and 11b-PGF; [7,8], and some other aspirin-intolerant asthma. Sulpyrine and/or lysine aspirin
hypotheses may be involved in the pathogenesis of aspirirprovocation test were positive in all of them. All patients
intolerant asthma. were non-smokers and diagnosed with mild or moderate
Roxithromycin, a fourteen-membered macrolide, hasasthma according to American Thoracic Society criteria
attracted attention for its effectiveness in a variety of[10]. The patients were in stable condition and had been free
respiratory diseases, including bronchial asthma [9]. Weof symptoms of respiratory infection for at least 6 weeks
assessed the effects of pretreatment with roxithromycir{Table 1).
on bronchoconstriction precipitated by inhalation of Patients using oral or inhaled corticosteroids, theophyl-
sulpyrine in aspirin-intolerant asthma, because the effedine, any antileucotriene drug, such as pranlukast, or any
of 14-membered macrolides against aspirin-intoleranbther anti-allergic agents as well as roxithromycin were
asthma has never been reported in double-blind randomizeskcluded. All patients used a metered-dose inhaler of
crossover studies. B-stimulants to control their asthma. The study was con-
This study was designed to investigate the protectivaeducted according to the ethical standards of our hospitals,
effect of roxithromycin on airway responsiveness to thewhich require informed consent from each patient.

Table 1. Patient characteristics at time of entry into the study. Sulpyrine and/or lysine aspirin provocation tests were all positive. All
patients were diagnosed with mild or moderate asthma according to American Thoracic Society’s criteria. The patients were in stable
condition and had been free of symptoms of respiratory infections for at least 6 weeks.

PC20-Sulpyrine (mg/mL)

Age FEV FvC Eosinophils IgE (RIST)

Patient Sex  (years) Atopy (% pred.) (% pred.) (%) (U/mL) Placebo  Roxithromycin
1 M 29 HD, Gr 76 97 9 466 10 10
2 M 42 Cd 70 96 4 132 10 20
3 M 35 HD, C, Gr 87 103 7 475 10 10
4 M 39 None 84 94 5 151 20 10
5 M 40 None 72 96 3 54 20 20
6 M 45 Cd 76 99 8 260 10 4
7 F 42 Gr, HD 70 97 5 133 10 10
8 F 29 C 76 89 4 37 20 20
9 F 38 None 70 91 6 116 10 10

10 F 46 Cd 69 101 4 245 20 20

11 F 30 None 88 88 4 89 250 250

12 F 50 None 70 97 6 63 10 10

13 F 42 Hd, Cd 74 118 8 340 20 20

14 F 47 None 68 82 10 77 4 4

HD, house dust; C, cat; Gr; grass; Cd, candida. All patients used a metered dose inas¢imaflants to control their asthma.
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Study design The total cell count was determined with a haemo-
. . . ﬁytometer (Neubauer Chamber) and expressed as the
Subjects were randomly assigned to receive an 8-wee —
number of cells per millilitre of sputum. Cells were resus-

course of two daily doses of 150mg of roxithromycin ended in DPBS at a concentration of 0.75-110°/mL
(Eisai, Osaka, Japan) or a placebo dose identical in appea@- ) ’

. ) ell preparations for cytocentrifusion were made on glass
ance. After a washout period of at least 4 weeks, the :subjectss"d(_}S from 5QuL of cell suspension and subjected to cyto-

crossed over to receive the alternative treatmentfor8weeksé.entrifuge (Shandon Ill. Shandon Southern Instruments,

FEV; af‘d FVC. were measured and blood and mtOIe.rar:j%ewickey, PA, USA), at 338 for 5min. Differential cell
sputum differential and total cell counts were determine . : .
before and after each 8-week treatment course C(_)unts_ were 0bt§1|ned from the mean of tw_o slides stained

’ with Diff Quick with 400 cells counted per slide. Cell types

were quantified as number of cells per millilitre of sputum.
Blood count and serum eosinophilic cationic protein (ECP)Cell preparations for cytocentrifusion were made on apex-
measurement coated slides and fixed for 10min in periodatelysine-

) ) ) paraformaldehyde forimmunocytochemical staining for ECP.
Blood samples for eosinophil counting and measurement of

ECP were taken between 08.00 and 09.00 h on the same day ) )
before sulpyrine provocation testing. Blood was collectedSulpyrine provocation testing

into heparinized tubes by direct venipuncture, and b|00d5ulpyrine inhibits cyclo-oxygenase and thus may share a
smears were made for differential staining (Diff quick; common mechanism of action with aspirin, though its
American Scientific Products, McGaw Park, IL, USA). innibitory activity is less potent than that of aspirin [12].
Differential cell counts were calculated as the mean valuerpe sulpyrine provocation test is now widely used for
of two slides, with 300 cells counted per slide. The totalgjagnosis of aspirin-intolerant asthma in Japan. Bronchial
leucocyte count was determined with a haemocytometeghgjienge with sulpyrine was performed according to the
(Neubauer Chamber: Hausser Scientific, Blue Bell, PAgtandard method of Japanese Allergology Society as pre-
USA), and cell populations were expressed as number ofioysly described [13]. Fresh pulverized sulpyrine (Astra
cells millilitre of blood. o Japan, Inc., Osaka, Japan) was dissolved each day in saline
To avoid interassay variations, all ECP measurementg, produce reagents. This test was performed using a jet
were performed in the same run. Blood (4 mL) was collectechepylizer driven by compressed air (Nihon Shoji Co. Ltd,
into on SST tube (Becton Dickinson, Mountain View, CA, Osaka, Japan).
USA), stored for 60 min at 2%, and subsequently centri- || patients were given a provocation test after each
fuged at 1300@ for 10min at 4C. Serum was stored at g.eek treatment course with either roxithromycin or pla-
—80°C until ECP levels were measured with an ECP RlAcepo in a double-blind, randomized manner. Thereafter
kit (Pharmacia Diagnostics, Uppsala, Sweden). The detegpjects were crossed over to receive alternative treatment
tion limit of this assay is 2.Ag/L. and followed identical procedure at the same time of day.
Each study day began with measurement of FBNd FVC
for baseline and then inhalation of nebulized saline to rule
out a non-specific obstructive reaction; FEVas measured
Sputum was induced and processed as described by Popbwnin before and 5, 10 and 15min after completion of
and colleagues [11]. Subjects inhaled 3, 4 and 5% saline fanhalation. If FE\{ did not fall more than 10%, the subject
7 min each. The induction was stopped when an adequatntered the main part of study. The sulpyrine provocation
sample was obtained, or if the FEdropped=20% from  test was performed at concentrations as follows; 10, 20, 100,
baseline. Cell plugs with few or no squamous epithelial cell®250, 500 and 1250 mg/mL for all but one subject who was
were selected from the sample with an inverted microscopepo sensitive to challenge at these doses of sulpyrine, and so
separated from saliva and weighed. Samples were aspiratecas given 4 and 10mg/mL. These concentrations are in
in two times their volume of 0.1% dithiothreitol (Sputolysin, accordance with our daily protocol of sulpyrine in an
Calbiochem Corp., San Diego, CA, USA) and two timesinhalation test to diagnose aspirin-intolerant asthma.
their volume of Dulbecco’s phosphate-buffered saline Spirometry was performed again and recorded at 5, 10, 15
(DPBS; Gibco, Grand Island, NY, USA). The cell suspen-and 30min after inhalation. The provocation test was
sion was filtered through nylon gauze (mesh size iafh2  terminated by the administration of an inhaled broncho-
BNSH Thompson, Scarborough, ON, Canada) to removalilator if FEV; fell by more than 35% from baseline. The
debris, then centrifuged at 13@@or 10 min at £C. Super-  higher of the first two satisfactory recordings was taken for
natants were collected and stored-a80°C for fluid-phase analysis. If FE\{, measured after the inhalation at the time
measurements of ECP. points mentioned above, did not drop by more than 10% of

Sputum analysis
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the initial values, a higher concentration of sulpyrine wasweekly by physicians using 4 grades:=0 asymptomatic
given. The provocation was stopped when RE&Ito 20%  more than 4 days/week; £ mild attack (aware of symp-
or more from the baseline or when the maximum dose ofoms but easily tolerated) more than 4 days/week and
sulpyrine was reached. Dose—response relations for sukocturnal asthma symptoms less than 2days/week; 2
pyrine were constructed and used for calculation of provoimoderate attack (discomfort enough to interfere with daily
cative concentration causing a 20% fall in FEWn  activity) more than 4 days/week and/or nocturnal asthma
sulpyrine inhalation testing (Rgsulpyrine). For statistical symptoms more than 2 days/week; and=3severe attack
evaluation, their P&-sulpyrine values were set as equal to (unable to perform usual activity) more than 4 days/week
the highest concentration of sulpyrine given. and/or nocturnal asthma symptoms almost everyday. This
method is modelled after that of Oosaki and colleagues [15].

Measurement of urinary LTE

Urine was collected before pretreatment with roxithromycinSt"’V[ISt'C‘f’II analysis

or placebo, and at 2- and 4-h intervals thereafter and store8tatistical evaluation employed StatView J-4.02 for Macin-

at — 80°C until assay. tosh (Abacus Concepts, Inc., Berkeley, CA, USA). AllgC
LTE, was measured by a combined rp-HPLC (Class LC-values were logarithmically transformed before analysis,

10 system: Shimadzu, Kyoto, Japan) enzyme immunoassand summary statistics were expressed as meatandard

as previously described [14FH-LTE, (168.4Ci/mmol.; deviation ép). Student’s paired-test was used to compare

NEN, DuPont, Dreierich, Germany) was used as the internainean differences. Wilcoxon’s signed rank test was used for

standard; antibody to LTHCayman Chem, Ann Arbor, MI, comparison of the two treatment groups at the same time

USA) showed cross-reactivity 10-25% vs LFCTD, and  point regarding FEYand u-LTE, values. AP-value= 0.05

<0.01% vs LTB. Creatinine concentration was measured(two-sided) was considered significant.

using a standard assay kit (Sigma, St Louis, MO, USA);

results, corrected according to the observed recovery, WeTS o sults

expressed as the amount of LjEer milligram of creatinine.

All subjects could be followed for longer than 120 min. FVC

was not significantly affected by administration of roxithro-

mycin or placebo before each provocation test, but Fe&igl

To evaluate the effect of roxithromycin on the improvementnot increase significantly after 8 weeks’ treatment with

of symptoms in asthmatics, symptoms were assesseawxithromycin (2.37=0.30 after roxithromycin vs

Symptom score

Table 2. Comparison of parameters
measured before and after 8 weeks’
treatment with roxithromycin in patients
with bronchial asthma.

Mean= sp of indicated parameter

Parameter Before treatmentt  After placebo After roxithromycin
FEV, 2.26+0.22 2.25+0.26 2.37+0.30
FvC 3.19+0.48 3.24+0.42 3.17+0.43
Blood

Eosinophils ¢10%/mL) 43.3+7.3 42.8+7.6 12.4+ 2.3%
Neutrophils &10%mL) 452+ 47 448+ 51 41772
Serum ECP (mg/L) 15.86.3 148+ 7.6 3.6+ 1.4*
Sputum

Eosinophils «10¥mL sputum) 94+ 28 90+ 33 10+ 6*
Neutrophils «10¥mL sputum) 27169 253+ 72 197+ 80
ECP (mg/L sputum) 1804 1.7+0.9 0.4+ 0.1*
Symptom score 1.6 0.24 1.63+0.48 0.87+ 0.70*

All values marked with asterisks were significantly greater than baseliRe: 0*05,
**P<0.01. tBaseline.
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% Although challenge with sulpyrine caused a significant
, N.S. increase in u-LTE pretreatment with roxithromycin or
3000 % |—| placebo did not affect excretion of u-LEEFig. 1).

None of the subjects reported any adverse effect after

N.S. roxithromycin administration, nor could they discriminate
between roxithromycin and placebo.

|

2000 Discussion

] The inhibitory effect of acetylsalicylic acid on the cyclo-
oxygenase increases bronchial expression of ATC
T synthase, allowing marked overproduction of cysteinyl
leucotrienes leading to bronchoconstriction [16]. They indi-
cated that long-term overproduction of cysteinyl leuco-
trienes in aspirin-intolerant asthma patients has been
linked to airway eosinophilia. The severity and rapidity of
bronchospasm, induced by cyclo-oxygenase-inhibiting
drugs in aspirin-intolerant asthma, is directly related to the
Baseline 2 4 dose and potency of the drug to inhibit the cyclo-oxygenase.
Knapp and colleagues showed that excretion of u-4Was
increased during aspirin-intolerant asthma episodes, but the
Fig. 1. Mean urinary LTE before and during the observation degree of increase for individual patients did not correlate
period after placebo (white bars) or roxithromycin (black bars).with the degree of bronchospasm or inhibition of platelet
Asterisks indicate statistically significant difference?<0.05.  thromboxane B formation [17]. The results indicate that
NS, not significant. although the endogenous synthesis of potent broncho-
constrictor leucotrienes increases during aspirin-induced
bronchospasm, it is unlikely that a direct shunting of
unmetabolized arachidonate into leucotriene synthesis
represents the mechanism of aspirin-intolerant asthma.
2.25=* 0.26 after placebo, not significant). Thus, we did notNevertheless, Yoshida and colleagues showed that cromo-
confirm the effect of bronchodilation in long-term treatmentlyn sodium, a well established anti-inflammatory drug for
with roxithromycin in this study. the treatment of asthma, suppressed u-}.EKcretion in
After the 8 weeks of treatment with roxithromycin, blood aspirin-intolerant asthma [18]. Cromolyn sodium inhibits
eosinophils, serum ECP, sputum eosinophils, and sputum-LTE, excretion and improved Bgsulpyrine, but
ECP were significantly decreased (Table 2). On the othechallenge with sulpyrine caused an obstructive reaction
hand, the number of blood and sputum neutrophils did noin all patients. This result suggests that some factors other
changed significantly. than cysteinyl leucotriene overproduction should be
The symptom score significantly decreased after treatinvolved in the pathogenesis of aspirin-intolerant asthma.
ment with roxithromycin (1.63- 0.48 after roxithromycin However, 8-week course of treatment with roxithromycin
vs 0.87% 0.70 after placeboP <0.05). Twelve of the 14 did not suppress u-LTEexcretion in aspirin-intolerant
subjects improved their general symptoms, such assthma, though the treatment decreased eosinophils and
nocturnal cough, wheezing, severity or frequency ofECP. This finding is not consistent with the results by
asthmatic attack. Other subjects felt no change in theiCowburnet al.
symptoms, since their conditions were stable. No subject Recently, it has been demonstrated that airway hyper-
got worse than before the beginning of this study. responsiveness is a characteristic of bronchial asthma, and it
After the pretreatment of roxithromycin or placebo, has been emphasized that airway inflammation plays an
challenge with sulpyrine caused an obstructive reaction ifmportant role in bronchial hyperresponsiveness in patients
all patients. Pgy-sulpyrine data for all patients are dis- with bronchial asthma [19,20]. Bronchial inflammation
played in Table 1. In the provocation challenge withassociated with eosinophilic infiltration is especially
sulpyrine, values of P&-sulpyrine did not improve after thought to be involved in bronchial hyperresponsiveness.
roxithromycin at all. Mean log P4-sulpyrine was It has also been reported that, after bronchial instillation of
1.18+0.40 after roxithromycin, vs 1.150.43 after aspirin, biopsies showed a decrease in the number of mast
placebo (not significant; data not shown). cells and activation of eosinophils [7]. These findings

1000

Urinary LTE, (pg/mg creatinine)

Time (hours)

© 1999 Blackwell Science LtdClinical and Experimental Allergy29, 950—-956



Anti-inflammatory effect of roxithromycin 955

suggested that activation of eosinophils and degranulation2 Delaney JC. The diagnosis of aspirin idiosyncrasy by analgesic
of mast cells are early events associated with aspirin- challenge. Clin Allergy 1976; 6:177—-81.

intolerant reactions. Szczeklik and colleagues reported a3 Spector SL, Wangaard CH, Farr RS. Aspirin and concomitant
statistically significant rise in peptidoleucotrienes, IL-5 and ~ idiosyncrasies in adult asthmatic patients. J Allergy Cin
eosinophils in bronchoalveolar lavage of patients with Immunol 1979; 64:500—6.

L . ... 4 Houjou S, Dobashi K, Nakazawa T. Aspirin-induced asthma.
Zzg:m intolerant asthma after bronchial challenge with Jpn J Clin Med 1994; 3:355—8.

. . . 5 Power I. Aspirin-induced asthma. Br J Anaesth 1993; 71:
Fourteen-membered macrolides, such as roxithromycin, g19_»1.

have been reported to exhibit other pharmacological activity g szczeklik A, Schmitz SM. Aspirin-induced asthma: from
including anti-asthmatic effects, besides antibiotic activity. pathogenesis to therapy. Allergol Immunopathol 1993;
Miyatake and colleagues demonstrated that erythromycin 21:35-40.
significantly improves bronchial hyperresponsiveness in7 Szczeklik A, Sladak K, Dworski R, Nizankowska E, Soja J,
both atopic and nonatopic asthma [9]. Sheller J. Bronchial aspirin challenge causes specific eico-
Serum ECP is thought to be a useful marker of eosino- sanoid response in aspirin-sensitive asthmatics. Am J Respir
philic inflammation in bronchial asthma [21]. In this study, _ Cfit Care Med 1996; 154:1608—14. ,
8weeks' treatment with roxithromycin for patients with & O'Sullivan S, Dahlen B, Dahlen SE, Kumlin M. Increased
asthma improved donors’ symptom scores and dgcrea;ed 11 beta- prostaglandin.Fafter aspirin challenge supports mast
both blood and sputgm ECP and 'the ”“m*?er of eosinophils. cell activation in aspirin-induced airway obstruction. J Allergy
Thgge .result.s.conﬂrm that ro.xnhromycm 'not pnly hgs Clin Immunol 1996: 98:421—32.
antibiotic activity, but also a significant anti-eosinophilic g wiyatake H, Taki F, Taniguchi H, Suzuki R, Takagi K, Satake
effect. Adachi and colleagues reported that treatment with T, Erythromycin reduces the severity of bronchial hyper-
theophilline, glucocorticoids, roxithromycin and other  responsiveness in asthma. Chest 1991; 99:670-3.
macrolides induced apoptosis in guinea pig eosinophild0 American Thoracic Society. Standards for the diagnosis and
[22]. Konno and colleagues showed that roxithromycin  care of patients with chronic obstructive pulmonary diseases
inhibited the appearance of IL-3, IL-4, IL-5, and TNF- (COPD) and asthma. Am Rev Respir Dis 1987_; 136:225-44.
in mouse lung extracts [23]. These properties indicate thatl Popov T, Gottschalk AR, Kilendowicz R, Dolovich J, Poweres
14-membered macrolides may inhibit eosinophilic func- P, Hargreave _FE._The e_Ievat|on of a cell dispersion method of
tions and has immunoregulatory effects. Our results sputum examination. Clin Exp Allergy 1994; 24:778-83.
- L . ' 12 Szczeclik A, Gryglewski RJ, Czerniawska-Mysik G. Relation-
clinically support their investigations.

s ; . . . ship of inhibition of prostaglandin biosynthesis by analgesics to
In conclusion, roxithromycin not only has an antibacterial ~ ;5thma attacks in aspirin-sensitive patients. Br Med J 1975;

activity, but also an anti-inflammatory effect associated 1.67_9.
with eosinophilic infiltration in patients with aspirin- 13 Makino S, Kobayashi S, Miyamoto T, Shida T, Takahashi S.
intolerant asthma, although roxithromycin did not inhibit  Standard for allergen bronchial provocation tests in asthma
bronchoconstriction and u-LTEexcretion on sulpyrine and hypersensitivity pneumonitis. Jpn J Allergy 1982; 31:
provocation testing. Furthermore, this is the first report to  1074-6. _ _ _
suggest that not only leucotriene overproduction but alsd4 Sala A, Armeti L, Piva A, Forco GC. An improved assay for
eosinophilic bronchial inflammation is involved in the _ urinary LTE. Prostaglandins 1994; 47:281-92. ,
pathogenesis of aspirin-intolerant asthma. 15 Oosaki R,_Mlzushlma Y, Kashii T, Kawasa!q A, Kobgyashl M.

- . . . . .. Therapeutic effect of pranlukast, a selective cycteinyl leuko-

This study raises further interesting therapeutic possibi- . ) )

-, . triene receptor antagonist, on bronchial asthma. Int Arch
lities and warrants further trials of new approaches to the

L Allegy Immunol 1996; 114:97-100.
treatment of aspirin-intolerant asthma. 16 Cowburn AS, Sladek K, Soja J et al. Overexpression of

leukotriene C4 synthase in bronchial biopsies from patients
with aspirin-intolerant asthma. Clin Invest 1998; 101:834—46.
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