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Effect of azelastine, montelukast, and their combination on allergen-induced bronchoconstriction in asthma

A c c e p t e d m a n u s c r i p t A c c e p t e d m a n u s c r i p t INTRODUCTION

In patients with allergic asthma the lung function response to an inhaled allergen often shows a typical time course comprising an early allergen reaction (EAR) occurring within 30 minutes, a late allergen reaction (LAR) delayed by several hours, and often both, i.e. a dual reaction [START_REF] Varner | The early and late asthmatic response to allergen[END_REF][START_REF] O´byrne | State of Art: Late asthmatic response[END_REF].

These responses are quite common, with a prevalence of 9-53, 7-50, and 18-84 %, respectively [START_REF] Varner | The early and late asthmatic response to allergen[END_REF].

The LAR is considered particularly important, as it is associated with prolonged inflammation involving eosinophils, lymphocytes, mast cells and basophiles [START_REF] Gratziou | Inflammatory and Tcell profile of asthmatic airways 6 hours after local allergen provocation[END_REF][START_REF] Gauvreau | Increased numbers of both airway basophils and mast cells in sputum after allergen inhalation challenge of atopic asthmatics[END_REF]. Based on this it is believed that blocking of allergen responses is beneficial for both the clinical state and the course of the asthmatic disease.

In vitro and in vivo studies have shown that histamine and cysteinyl leukotrienes play a major role during EAR and LAR [START_REF] Björck | Leukotrienes and histamine mediate IgE-dependent contractions of human bronchi: pharmacological evidence obtained with tissues from asthmatic and nonasthmatic subjects[END_REF][START_REF] Drazen | Asthma therapy with agents preventing leukotriene synthesis or action[END_REF][START_REF] Lordan | H 1 -antihistamines in asthma[END_REF] in patients with asthma and rhinitis. As a consequence, antihistamines are capable of providing protection against allergen inhalation-induced bronchoconstriction, particularly during the EAR. In particular, the H 1 -receptor antagonist azelastine has been shown to be effective against allergen inhalation, in addition to other bronchoconstrictor stimuli [START_REF] Ollier | The effect of a single and multiple dose therapy with azelastine on the immediate asthmatic response to allergen provocation testing[END_REF][START_REF] Rafferty | The inhibitory effect of azelastine hydrochloride on histamine-and allergen-induced bronchoconstriction in atopic asthma[END_REF][START_REF] Motojima | Effects of azelastine on allergen-and exercise induced asthma[END_REF][11][12].

Similarly, anti-leukotrienes, such as zafirlukast and montelukast, afford protection against allergen-induced bronchoconstriction [13][14][15][16]. As the protection is not complete, ranging from 50 to 75%, the question is raised whether the combination with an anti-histamine can further attenuate allergen responses. Indeed, concurrent treatment with zafirlukast and the anti-histamine loratadine was capable of enhancing the protection against allergen-induced bronchoconstriction, compared to the individual agents [17]. However, the dose of the anti-leukotriene employed in this study was four-times greater than that recommended for clinical use.

As it is not known whether the enhanced protection also occurs with the doses that are clinically used, the aim of our study was to investigate the effect of a combination of daily recommended 

PATIENTS AND METHODS

Patients

Seventeen patients with a history of allergic asthma and a forced expiratory volume in EAR and LAR at a second screening challenge. Thirtythree patients were screened for this study.

Sixteen of them did not meet the criteria for EAR and LAR at screening and were not randomized.

The allergic status of each individual was confirmed by a skin-prick test comprising a panel of 21 allergens (ALK, Hamburg, Germany). Patients receiving treatment for asthma, other than shortacting β 2 -agonists, were excluded. Patients were also required to be nonsmokers and not to suffer from an acute respiratory tract infection within the last three weeks prior to inclusion. The study was approved by the local Ethics Committee and all patients gave their written informed consent.

Study design

This was a randomized, double-blind, cross-over study involving a screening and a treatment phase. The screening phase comprised three visits, during which the patient's history of asthma was confirmed, skin prick test and radio-allergo-sorbent test (RAST) were performed, and lung function, as well as PC 20 FEV 1 of methacholine, PD 20 FEV 1 of allergen and LAR were assessed. At screening allergen provocation was repeated after ≥2 weeks, to confirm reproducibility of EAR and LAR.
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Two or more weeks later the cross-over treatment phase comprising three treatment periods per patient was started. Patients were randomly assigned to receive either 4 mg azelastine twice daily plus montelukast placebo once daily, or 10 mg montelukast once daily plus azelastine placebo twice daily, or 4 mg azelastine twice daily plus 10 mg montelukast once daily. After treatment for one week (day 1-7), allergen provocation was repeated two hours after the last intake of study medication in the morning of day 8. This cycle of a two-week wash-out period, followed by treatment for one week and subsequent allergen challenge, was then repeated twice for a total of three treatment periods per patient.

Study medication

The study was performed in a double-blind design. For this purpose the commercially available tablets for montelukast and azelastine were covered with an inert gelatin capsule. The placebo capsules contained only inert material. Due to this procedure all capsules appeared identical to the investigator and patients. Study medication was provided by Asta Medica, Frankfurt, Germany.

Pulmonary function tests and inhalation challenges

Spirometry was performed according to the ATS recommendations [START_REF] Thoracic | Standardization of spirometry: 1994 update[END_REF]. Baseline FEV 1 was measured at least three times, until reproducibility within 5 %, and the highest value was selected.

Provocation with inhaled methacholine was performed following a standard protocol [START_REF] Chai | Standardization of bronchial inhalation challenge procedures[END_REF] and the results were expressed as concentration causing a 20 % fall in FEV 1 (PC 20 FEV 1 ).

Dependent on the findings of prick and RAST tests, patients were challenged with individual allergen preparations (ALK, Hamburg, Germany), each of which was used over the course of the entire study. Allergen content of lyophilised, purified allergen extract is expressed in SQ-units correlating with the amount of the specific major allergen. During the second screening visit, allergen responsiveness was determined using increasing doses of allergen, whereby FEV 1 was measured up to 10 minutes following each inhalation. After achieving a 20 % drop in FEV 1 ,
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measurements were repeated at 15 minutes intervals for up to 2 hours, to determine the EAR, and at 30 minutes intervals thereafter for up to 9 hours after the challenge, to determine the LAR. If the FEV 1 dropped by more than 10 % during the LAR, measurements were performed every 15 minutes until recovery was achieved. The cumulative dose of allergen which led to a 20 % fall in FEV 1 (PD 20 FEV 1 ) was calculated for each patient individually and was used as a single dose in all subsequent allergen challenges. Details on allergen type used for the individual patient and EAR and LAR at screening are given in table 1.

Data analysis

Mean values and standard deviations (SD) or standard errors of mean (SEM) were computed for all relevant variables. The primary efficacy variable used was the maximal percentage fall in FEV 1 compared to baseline during 0-2 hours after allergen challenge (EAR) as well as 2-9 hours after allergen challenge (LAR). Statistical significance was assumed for p<0.05. Data were analyzed using Friedman's nonparametric ANOVA, whereby EAR and LAR after single-dose provocation at screening were compared with the respective responses after treatment. In case of significant treatment effects, differences between treatments were assessed by the Wilcoxon matched-pairs signed-ranks test.

RESULTS

Bronchial provocation with allergen led to a dual EAR and LAR in all patients, which was highly reproducible in terms of the fall in FEV 1 . Mean (range) EAR at the two screening visits was 33.7 (20.4-57.1) and 30.3. (19.8-49.9) %, and mean (range) LAR was 29.2 (14.7-59.7) and 29.4

(13.1-66.9) % (Table 1).
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Early allergen reaction

All three treatments significantly attenuated allergen-induced EAR, as indicated by the maximal fall of FEV 1 compared with that observed during the second screening challenge (p<0.001; Table 2, Figure 1). The combination of azelastine and montelukast achieved about 89 % protection, montelukast 75 %, and azelastine 46 %. According to pair-wise comparisons, the combination of azelastine and montelukast was superior to both azelastine (mean±SEM, ∆=12.5±1.6 %; p<0.001) and montelukast (∆=3.8±1.1 %; p=0.003) alone, and montelukast was superior to azelastine (∆=8.7±1.8 %; p<0.001).

Late allergen reaction

All three treatments also protected against allergen-induced LAR, compared with the screening visit (p<0.004; Table 1, Figure 1). The level of protection ranked in the order of the combination of azelastine and montelukast (78 %), montelukast (59 %), and azelastine (43 %). Pair-wise comparisons confirmed that the combination of azelastine and montelukast was superior to both azelastine (∆=10.3±2.8 %; p<0.001) and montelukast (∆=5.5±2.0 %; p=0.017) alone, whereas the efficacy of azelastine and montelukast was not significantly different (∆=4.8±2.3 %; p=0.080).

DISCUSSION

The present study demonstrated significant protection against allergen-induced early and late phase reactions after treatment for one week with clinically recommended oral doses of azelastine and montelukast, either alone or in combination. The combined treatment was superior to the single treatments. Furthermore, montelukast was more effective than azelastine in diminishing the early, but not the late phase response.
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Regarding the effects of montelukast or azelastine as single drugs, our findings are in accordance with previous results. In dose-finding experiments, 4-8 mg azelastine were found to protect against EAR after allergen challenge [START_REF] Ollier | The effect of a single and multiple dose therapy with azelastine on the immediate asthmatic response to allergen provocation testing[END_REF][START_REF] Rafferty | The inhibitory effect of azelastine hydrochloride on histamine-and allergen-induced bronchoconstriction in atopic asthma[END_REF]. Other studies found azelastine to attenuate bronchoconstriction by 24-37 % during EAR and by 36-100 % during LAR [START_REF] Motojima | Effects of azelastine on allergen-and exercise induced asthma[END_REF]11]. Similarly, montelukast, when given alone, is known to protect against allergen-induced responses in asthma One starting point for our study was that the dose of zafirlukast as previously used (160 mg daily) was four times greater than the clinically recommended daily dose. The question was whether enhanced protection by combining the two drugs also occurred at doses that are recommended and acceptable for daily treatment. To facilitate the comparison of results, we employed a similar study design. Comparability was further emphasized by the fact that responses in terms of FEV 1 were reproducible in both studies and that there were no carry-over effects. Our results demonstrated that the combined treatment enhanced protection against allergen-induced bronchoconstriction also at doses of the anti-leukotriene that are clinically introduced.

The role of cysteinyl leukotrienes as mediators of allergic responses is well documented [START_REF] Drazen | Asthma therapy with agents preventing leukotriene synthesis or action[END_REF][START_REF] Drazen | Treatment of asthma with drugs modifying the leukotriene pathway[END_REF],

and studies have demonstrated montelukast to be a potent and selective leukotriene D 4 (cysLT 1 )

receptor antagonist [START_REF] De Lepeleire | Montelukast causes prolonged, potent leukotriene D 4 -receptor antagonism in the airways of patients with asthma[END_REF], which is capable of inhibiting a variety of effects, among which The same applies for anti-histamines, though their anti-inflammatory effect seems to be less pronounced than that of anti-leukotrienes. In addition to, or as a consequence of their anti-histaminic activity, anti-histamines might also reduce the release of other mediators, including leukotrienes [START_REF] Church | Non H 1 -receptor effects of antihistamines[END_REF][START_REF] Walsh | New insights into the second generation antihistamines[END_REF]. Azelastine shows many of these properties [START_REF] Conti | The anti-inflammatory actions of azelastine[END_REF][START_REF] Katayama | Effect of azelastine on the release and action of leukotrienes C 4 and D 4[END_REF][START_REF] Acterracth-Tuckermann | Inhibition of cysteinylleukotriene production by azelastine and its biological relevance[END_REF], among which decreased activation of mast cells coupled with decreased release of cysteinyl leukotrienes seems to be of particular relevance for the present study.

Table 1 demonstrates that azelastine caused a two-fold reduction of the maximal response of FEV 1 during EAR, and montelukast an about four-fold reduction. When both were combined, azelastine attenuated the response relative to montelukast alone again by a factor of about two. A similar pattern of protection emerged during the LAR. These observations do not suggest a true synergism but a multiplicative effect of their combination, indicating an in-series action of both compounds. This conclusion sounds reasonable when considering the mechanisms underlying the action of both drugs. Both interfere with the effects of mediators released within short periods of time after allergen inhalation, and both have similar cell types, such as mast cells, basophils and airway smooth muscle, as primary targets [START_REF] Björck | Leukotrienes and histamine mediate IgE-dependent contractions of human bronchi: pharmacological evidence obtained with tissues from asthmatic and nonasthmatic subjects[END_REF][START_REF] Drazen | Asthma therapy with agents preventing leukotriene synthesis or action[END_REF][START_REF] Lordan | H 1 -antihistamines in asthma[END_REF].

The protection provided by all three types of treatment during LAR was about the same as that observed previously using loratadine and zafirlukast [17], but there seemed to be stronger effects during EAR. This was true particularly for the antihistamines. Probably this stronger effect promoted the significantly greater protection by the combined compared to single drugs in our study. One might argue that with high doses of the drugs involved, potential multiplicative effects are likely to be reduced by plateau-forming of the dose-response curve. Such effects should be most apparent at low doses and would suggest that our results on an additive action are to some extent predictable from existing data. However, the protection achieved by the compounds used, protection by azelastine on the EAR was also observed when combined with montelukast. Whether the combination of an anti-leukotriene and an anti-histamine is a realistic therapeutic option in patients with allergic airway diseases, remains, however, to be proven [START_REF] Lordan | H 1 -antihistamines in asthma[END_REF][START_REF] Meltzer | Concomitant montelukast and loratadine as treatment for seasonal allergic rhinitis: a randomized, placebo-controlled clinical trial[END_REF]29].

In conclusion, our results demonstrate that azelastine, montelukast and their combination can exhibit considerable efficacy in the attenuation of early and late phase responses to allergen in patients with allergic asthma. This was achieved with clinically recommended doses of both preparations, whereby the combination of the two drugs was superior to each drug alone. The findings indicate a multiplicative action of both compounds and are compatible with an additive inhibitory mechanism involving mast cell-and basophil-derived mediators. 2. 
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  doses of montelukast (10 mg) and azelastine (8 mg) on allergen-induced bronchoconstriction in patients with allergic asthma.

[

  [13][14][15][16]. For example, pre-treatment with 10 mg montelukast, given 36 and 12 hours before and 12 hours after provocation with house dust mite, significantly reduced EAR and LAR between 0-3 and 3-8 hours, respectively[16].At present, one other study is available which has investigated the effect of combined treatment with an anti-histamine and an anti-leukotriene on EAR and LAR in asthma[17]. Treatment was performed for one week with zafirlukast 80 mg twice daily, loratadine 10 mg twice daily, or a combination of the two. The combination led to about 75 % protection during both EAR and LAR, compared to 25 and 40 %, respectively, by loratadine, and 62 and 55 % by zafirlukast alone.
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  bronchoconstriction, airway smooth muscle hyperresponsiveness and inflammation are particularly important during EAR and LAR in asthma[START_REF] Drazen | Asthma therapy with agents preventing leukotriene synthesis or action[END_REF]16,[START_REF] Drazen | Treatment of asthma with drugs modifying the leukotriene pathway[END_REF][START_REF] De Lepeleire | Montelukast causes prolonged, potent leukotriene D 4 -receptor antagonism in the airways of patients with asthma[END_REF].
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  Richter et al. Effect of azelastine, montelukast, and their combination........ 10 either alone or in combination, was at least as high as that achieved previously, probably due to the different potency of the compounds used. Compared to zafirlukast and loratadine [17], the stronger
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 111 Rafferty P, Phillips G, Clough J, Church MK, Aurich R, Ollier S, Holgate ST. The inhibitory actions of azelastine hydrochloride on the early and late bronchoconstrictor response to inhaled allergen in atopic asthma. J Allergy Clin Immunol 1989;84:649-57. 12. McTavish D, Sorkin EM. Azelastine: A review of its pharmacodynamic and pharmacokinetic properties, and therapeutic potential. Drugs 1989;38:778-800. 13. Taylor IK, O'Shaughnessy KM, Fuller RM, Dollery CT. Effect of cysteinyl-leukotriene receptor antagonist ICI 204,219 on allergen-induced bronchoconstriction and airway hyperreactivity in atopic subjects. Lancet 1991;337:691-4. 14. O'Shaughnessy KM, Taylor IK, O'Connor B, O'Connell F, Thomson H, Dollery, CT. Potent leukotriene D 4 receptor antagonist ICI 204,219 given by the inhaled route inhibits the early but not the late phase of allergen-induced bronchoconstriction. Am Rev Respir Dis 1993;147:1431-5. 15. Dahlén B, Zetterström O, Björck T, Dahlén SE. The leukotriene-antagonist ICI 204,219 inhibits the early airway reaction to cumulative bronchial challenge with allergen in atopic asthmatics. Eur Respir J 1994;7:324-31. 16. Diamant Z, Grootendorst DC, Veselic-Charvat M, Timmers MC, De Smet M, Leff JA, Seidenberg BC, Zwinderman AH, Peszek I, Sterk PJ. The effect of montelukast (MK-0476), a cysteinyl leukotriene receptor antagonist, on allergen-induced airway responses and sputum cell counts in asthma. Clin Exp Allergy 1999;29:42-51. 17. Roquet A, Dahlén B, Kumlin M, Ihre E, Anstrén G, Binks S, Dahlén SE. Combined antagonism of leukotrienes and histamine produces predominant inhibition of allergen-induced early and late phase airway obstruction in asthmatics. Am J Respir Crit Care Med 1997;155:1856-63. 18. Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R, Yernault JC. Lung volumes and forced ventilatory flows. Report working party standardization of lung function tests, Richter et al. Effect of azelastine, montelukast, and their combination........ 14 29. Reicin A, White R, Weinstein SF, Finn AF Jr, Nguyen H, Peszek I, Geissler L, Seidenberg BC. Montelukast, a leukotriene receptor antagonist, in combination with loratadine, a histamine receptor antagonist, in the treatment of chronic asthma. Arch Intern Med 2000;160:2481-8. Comment in: Arch Intern Med. 2001;161:1920. Richter et al. Effect of azelastine, montelukast, and their combination........ 15 Mean values of the time course of FEV 1 after single-dose allergen inhalation challenge at the second screening challenge and after 1-week treatment with either azelastine or montelukast or the combination of both. The single allergen dose chosen was the cumulative dose which had caused a 20 % fall of FEV 1 in the first screening challenge. Within the first 2 hours after inhalation, lung function was measured every 15 min, and afterwards every 30 min. The early phase response (EAR) was assessed as maximum % fall in FEV 1 between 0 and 120 min after inhalation and the late phase response (LAR) as maximum % fall between 120 and 540 min, relative to baseline. The horizontal line is the common line of reference (baseline) to which curves have been shifted to facilitate the comparison. Absolute baseline values of FEV 1 are given in Table
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  mean, *geometric mean and SEM (to be interpreted as a factor relative to the geometric mean), PC 20 FEV 1 = provocative concentration of methacholine (Mch) for eliciting a 20 % decrease in FEV 1 versus baseline, PD 20 FEV 1 = allergen dose for eliciting a 20 % decrease of FEV 1 during EAR. Der p1 = Dermatophagoides pteronyssinus, Bet v1 = birch, Sec c5 = rye, Phl p5 = timothy, SQ-Units = standardized allergen content according to the manufacturer (ALK-Scherax, Germany)
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Table 1 -Patients' demographics and early (EAR) and late phase (LAR) responses to allergen upon screening (1 st test dose-response, 2 nd test single dose)

 1 

	screening test
	1 st

Table 2 -Baseline values and early (EAR) and late phase (LAR) responses to allergen at screening and after randomized, three-way, cross-over treatment

 2 Mean values ± SEM are given. Each test was performed in n=17 patients according to the crossover design.

		FEV 1	EAR	LAR
		baseline	0-120 min	120-540 min
		prior to challenge	after challenge	after challenge
		(L)	(% fall in FEV 1 )	(% fall in FEV 1 )
	Screening (2 nd challenge)	4.03 ± 0.16	30.3 ± 2.4	29.4 ± 3.9
	Azelastine	4.00 ± 0.15	15.9 ± 1.7	16.8 ± 2.3
	Montelukast	4.03 ± 0.16	7.2 ± 0.8	12.0 ± 2.2
	Azelastine+Montelukast	4.14 ± 0.18	3.4 ± 0.9	6.5 ± 1.9