(12) STANDARD PATENT (11) Application No. AU 2006224842 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(74)

(56)

Title

The combination of anticholinergics and leukotriene receptor antagonists for the
treatment of respiratory diseases

International Patent Classification(s)
AG61K 31/40 (2006.01) A61P 11/00 (2006.01)
AG61K 31/47 (2006.01)

Application No: 2006224842 (22) Date of Filing:  2006.03.10
WIPO No:  WO06/097250

Priority Data

Number (32) Date (33) Country
60/661,918 2005.03.16 us
Publication Date: 2006.09.21

Accepted Journal Date: 2011.09.29

Applicant(s)
MEDA Pharma GmbH & Co KG

Inventor(s)
Fyrnys, Beatrix;Munzel, Ullrich;Cnota, Peter Jurgen;Weingart, Mario;Petzold,
Ursula;Maus, Joachim;Szelenyi, Istvan;Hoffmann, Torsten

Agent/ Attorney
Spruson & Ferguson, Level 35 St Martins Tower 31 Market Street, Sydney, NSW, 2000

Related Art

Celik et al. Respiratory Medicine (2005) vol. 99, no. 4, pages 44-50

Tzelepis et al. European Respiratory Journal (1996) vol. 9, no. 8, pages 100-103
AU 2005244439




wO 2006/097250 A1 I 00 00 0000 000 O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
21 September 2006 (21.09.2006)

A OO0 0T

(10) International Publication Number

WO 2006/097250 Al

(51) International Patent Classification:
A61K 31/40 (2006.01) AG6IP 11/00 (2006.01)
A6IK 31/47 (2006.01)

(21) International Application Number:
PCT/EP2006/002247

(22) International Filing Date: 10 March 2006 (10.03.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priorily Data:

60/661,918 16 March 2005 (16.03.2005) US

(71) Applicant (for all designated States except US): MEDA
PHARMA GMBH & CO KG [DE/DE]; Benzstr. 1,
61352 Bad Homburg (DE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MAUS, Joachim
[DEDE]; Ludwigst. 30, 63165 Miihlheim (DE).
FYRNYS, Beatrix [DE/DE]; Bgm.-Heinz-Str. 15, 63165
Miihlheim (DE). HOFFMANN, Torsten [DI/DE]; Kot-
tenleite 1a, 01445 Radebeul (DE). WEINGART, Mario
[DE/DE]; Am Pressgrund 16, 01328 Dresden (DE).
SZELENYI, Istvan [DE/DE]; Héndelstr. 32, 90571
Schwaig (DE). CNOTA, Peter, Jiirgen [DE/DE]; Am
Wingertsberg 11h, 61348 Bad Homburg (DE). MUNZEL,
Ullrich [DE/DE]; Wetterstr. 14a, 61206 Wollstadt (DE).
PETZOLD, Ursula [DE/DE]; Bahnhofstr. 60a, 64404
Bickenbach (DE).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, Gl11, GM, 1IR, 11U, 1D, IL, IN, 1S, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LYV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, 81, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— s (o applicant’s entitlement 1o apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

with international search report

before the expiration of the time limit for umending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: THE COMBINATION OF ANTICHOLINERGICS AND LEUKOTRIENE RECPTOR ANTAGONISTS FOR THE
TREATMENT OF REPIRATORY DISEASES

(57) Abstract: The present invention relates to a combination comprising topical (inhaled) anticholinergics and inhaled or oral
leukotriene (LT) receptor antagonists (BLT- and CysLT-receptor antagonists) for the treatment of respiratory diseases including al-
lergic rhinitis, bronchial asthma and chronic obstructive pulmonary diseases (COPD). It further comprises the presentation of this
combination in a locally applied (inhaled) formulation and application in an inhalation device for instance in the Novolizer®.



WO 2006/097250 PCT/EP2006/002247
1

The combination of anticholinergics and leukotriene receptor antagonists for the treatment of
respiratory diseases

The present invention relates to a combination comprising topical (inhaled) anticholinergics
and inhaled or oral leukotriene (LT) receptor antagonists (BLT- and CyslLT-receptor
antagonists) for the treatment of respiratory diseases including allergic rhinitis, bronchial
asthma and chronic obstructive pulmonary diseases (COPD). It further comprises the
presentation of this combination in a locally applied (inhaled) formulation and application in
an inhalation device for instance in the Novolizer®.

Allergic rhinitis affects 20% of the adult population and up to 40% of children. Although
rhinitis itself is not life threatening (unless accompanied by severe asthma or anaphylaxis),
morbidity from the condition can be significant. Allergic rhinitis often coexists with other
disorders, such as asthma, sinusitis, nasal polyps, allergic conjunctivitis, and atopic
dermatitis. Rhinitis may also considerably reduce quality of life, productivity, learning, etc..
Furthermore, insufficient therapy of rhinitis may lead to other disorders including infection of
the sinuses, ears and lower respiratory tract. Effective therapy for allergic rhinitis requires
understanding the pathophysiology of the disease, as well as the role of various inflammatory
mechanisms. As such, various classes of medication are at the physicians' disposal to treat
patients with allergic rhinitis. Among these are 2" generation antihistamines and
anticholinergic agents, intranasal corticosteroids, and mast cell stabilizers. Recently,
leukotriene (LT) receptor antagonists have been added to the modes of therapy.

The mechanism of allergic rhinitis is a typical allergic disease. With regard to its
pathophysiology, there are several similarities between rhinitis and asthma. Rhinitis is
defined as inflammation of the nasal membranes and is characterized by a symptom
complex that consists of any combination of the following: sneezing, nasal congestion, nasal
itching, and rhinorrhea. To date, histamine H;-receptor antagonists, decongestants, sodium
cromoglycate, corticosteroids, cysLT-receptor antagonists and anticholinergics are most
commonly used pharmacological agents for the treatment of rhinitis.

Asthma bronchiale, affecting as many as 10% of individuals in industrialized nations, is
characterized by bronchoconstriction, chronic airway inflammation, airway hyperreactivity,
and mucosal oedema. Airway remodelling and altered non-cholinergic, nonadrenergic
neurotransmission may contribute to irreversible airway obstruction and reduction of
pulmonary function. Asthma bronchiale has emerged as a major public health problem
worldwide over the past 20 years. Although data indicate that current asthma therapies led to
limited decreases in death rates, it continues to be a significant health care problem. It still is
one of the leading causes of preventable hospitalization worldwide and accounts for several
million lost workdays. Along with the increase in asthma prevalence, the costs associated
with this disease have also risen dramatically. .

The pathophysiology of asthma involves an intricate network of molecular and ceilular
interactions, although the contribution of each individual factor is probably different from
patient to patient depending on the setting and stimulus. Major participants in the
development of an asthma phenotype include the triggering stimuli such as the allergens
themselves, cells such as T cells, epithelial cells and mast cells that produce a variety of
cytokines including IL-5, GM-CSF, IL-3, IL-4 and IL-13 and chemokines such as eotaxin,
adhesion molecules, etc.. Recent advances in understanding the inflammatory and
immunological mechanisms of asthma have indicated many potential therapeutic avenues
that may prevent or reverse abnormalities that underlie asthma.

At present, pharmacotherapy is the mainstay of treatment of asthma. Short- and long-acting
inhaled R,-adrenoceptor agonists are available. The short-acting B.-adrenoceptor agonists
are now used on an on-demand-basis for rapid relief of symptoms. In recent years, long-
acting inhaled B;-adrenoceptor agonists have had an increasing role in the management of
asthma, particularly in patients with moderate to severe asthma. Antimuscarinic drugs are
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rather less efficacious in the relief of an asthma attack than the Rs,-adrenoceptor agonists
(Rodrigo and Rodrigo, Chest 2002; 121:1977-87). However, with the introduction of the new
anticholinergic tiotropium, the use of anticholinergics in respiratory diseases will enormously
increase. Inhaled corticosteroids have become the mainstay of therapy in chronic asthma.
They are the most clinically effective treatment available but can produce serious secondary
effects and, moreover, be inefficient in corticosteroid-resistant asthmatics.

Chronic obstructive pulmonary disease (COPD) is also very common. This disease is
characterized by a progressive airflow limitation accompanied by inflammatory reactions.
From a review of data from all over the world, it is clear that tobacco is not the only cause of
COPD. The worldwide increasing age is also a certain risk factor. The prevalence of COPD
varies between 3% and 10% with a steadily increasing trend. Although COPD is a leading
cause of iliness and death, its recognition as a public health problem has been slow to evolve
despite the rising mortality rate for COPD and the decline in death rates for most of the
cardiovascular diseases (Hurd Chest 2000; 117(2 Suppl):18-48). Additionally, COPD imparts
substantial economic burden to individuals and society.

In general, much less is known about the pathogenesis of COPD than that of asthma. Recent
studies have greatly expanded the understanding of pathogenetic mechanisms underlying
COPD. Thus, there is consent that COPD is also an inflammatory disease. From the present
pathogenetical point of view, neutrophil granulocytes, CD8+ lymphocytes and macrophages
with their mediators probably play crucial roles in the pathogenesis of COPD.

The current management is focussed on the improvement of the lung function of patients
suffering from COPD. The first step is in this process smoking cessation. There is evidence
that smoking reduction or cessation may result in improvement of some respiratory
parameters. Bronchodilators (B,-adrenoceptor agonists and anticholinergics) are now the
mainstay of symptomatic therapy. Short- and long-acting R;-adrenoceptor agonists such as
salbutamol, fenoterol, salmeterol, formoterol are established therapeutics in the symptomatic
COPD management. Of the short-acting antimuscarinic drugs, ipratropium is widely used.
Recently, tiotropium, a long-acting anticholinergic with a certain preference to Ms- muscarinic
receptors has now been introduced world-wide (Hansel and Barnes, Drugs Today (Barc)
2002; 38:585-800). Anticholinergic agents can effectively be used in the treatment of COPD
in horses, as well. Ipratropium at a dose of 2,400 ug/horse is an effective bronchodilator in
horses with COPD (Duvivier et al. Equine Vet J 1999; 31:20-4, Bayly et al. Equine Vet J.
2002 Jan;34(1):36-43). At present, the anti-inflammatory therapy of COPD is unsolved. The
use of systemic and inhaled glucocorticoids for COPD has increased appreciably over the
past 20 years. They have been tested on the premise that interference with inflammation in
COPD should alter the course of the disease. Although inhaled corticosteroids have a proven
benefit in the management of asthma, but until recently, their efficacy in non-asthmatic,
smoking-related COPD was not evidence-based (Bonay et al. Drug Saf 2002; 25:57-71).
Inhaled corticosteroids have relatively little impact on the inflammatory processes that
characterize COPD (Adcock and Chung, Curr Opin Investig Drugs 2002; 3:58-60).

Airflow obstruction and airway inflammation are features of allergic rhinitis/asthma as well as
COPD. There is strong evidence that airway inflammation is a predominant underlying
problem in patients with rhinitis, asthma and COPD. Although the airway inflammation in
rhinitis/asthma and COPD, respectively, involve different cell types, both diseases are of
chronic inflammatory nature associated with cellular infiltration and activation. While allergic
rhinitis and bronchial asthma is predominantly characterized by eosinophils and CD4
lymphocytes, neutrophil granulocytes, CD8 lymphocytes and macrophages appear to play a
major role in the pathogenesis of COPD.

Asthma- and COPD-like diseases, respectively, can also occur in animals, e.g. in horses.
There is evidence that LTB, and LTD, could contribute to the pathogenesis of equine COPD
(Marr et al. Res Vet Sci 1998; 64:219-24). In horses, there is apparently a link between LTs
generation and the cholinergic system. Neutrophilic inflammation in the airways and
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bronchospasm mediated via muscarinic receptors are features of COPD in horses. LTs are
reported to be involved in the exacerbation of COPD. Indeed, mediators such as LTs
augment the cholinergic response in equine airways (Olszewski et al. Am J Physiol 1999;
276:1.522-9). There is also evidence that cholinergic activation (acetylcholine) stimulates
alveolar macrophages to release lipoxygenase-derived products (LTB4 and CysLTs) (Sato et
al. Am J Physiol 1998; 274:1.970-9).

Rhinoviruses are the cause of more than 50% of respiratory tract infections. Complications of
rhinovirus infections (e.g. common cold), which include for example the manifestation or
exacerbations of asthma, can be significant in certain populations. Therefore, it may be of
great advantage to minimize the potential adverse consequences by using an adequate
therapy. Recently it has been demonstrated that rhinovirus colds induce bronchial
inflammation with markedly enhanced expression of 5-LO pathway proteins (Seymour et al J
Infect Dis 2002; 185:540-4) indicating that the production of LTs in these airway is
augmented. Consequently, LT antagonists appear to be able to reduce lung symptoms
subsequent to virus infection (Bisgaard et al. Am J Respir Crit Care Med 2003; 167:379-83).
Furthermore, it is well known that anticholinergics like ipratropium provide specific relief of
rhinorrhea and sneezing associated with common colds (Hayden et al. Ann Intern Med 1996;
125:89-97).

Leukotrienes (LTs) are important mediators of the pathophysiology of allergic airway
diseases such as asthma and rhinitis, and they are also involved in COPD. The main effects
mediated via LTS are bronchoconstriction, airway inflammation, oedema and mucus
hypersecretion.

Arachidonic acid metabolism via 5-lipoxygenase results in a group of biologically active lipids
known as leukotrienes (LTs). LTB, is a potent activator of leukocyte chemotaxis. Cysteinyl
LTs (LTC,, LTD,, LTE,) account for the spasmogenic activity previously described as slow-
reacting substance of anaphylaxis (SRS-A). These inflammatory mediators are produced by
a number of cell types including mast cells, neutrophils, eosinophils, basophils, macrophages
and monocytes. They exert their biological effects by binding and activating specific
receptors (LTB, at the BLT receptor, cysteinyl-LTs at the cysLT,-receptor). This occurs in a
series of events that lead to contraction of the human airway smooth muscle, chemotaxis
and increased vascular permeability, mucus hypersecretion, decrease of ciliary motility.
These effects have led to their important role in the diseases of asthma, allergic rhinitis and
COPD.

CysL T-receptor antagonists (e.g. zafirlukast, montelukast, pranlukast) derivatives of other
LT-receptor antagonists, such as L-648,051, MK-571, veriukast (MK-0679), pobilukast
(SK&F 104353), AS-35, ICI 204,219, etc.) represent an effective and well-tolerated treatment
for asthma and allergic rhinitis in adults and children, particularly for exercise- and aspirin-
induced asthma. They can also have clinical applications in the COPD. Recently, it has been
suggested that zafirlukast, a cysLT-receptor antagonist may increase the tidal volume and
alveolar ventilation in patients suffering from COPD (Bu et al. Chin Med J 2003;116(3):459-
461).

Even if there are no compeliing clinical data for an additional contribution by LTB, in human
asthma, in other respiratory conditions such as COPD, which are characterised by
pronounced neutrophil infiltration, it may be that the chemotactic properties of LTB, are more
important (Daniel and O'Byrne, Am Rev Respir Dis 1991; 143:83-5). In patients suffering
from COPD, the enhanced oxidative stress is paralleled by the increased ability of
neutrophils to synthesize the chemotactic factor LTB,4, and may ultimately contribute to the
infiliration/activation of neutrophils into the airways of COPD patients (Santus et al. Am J
Respir Crit Care Med 2004; [Epub ahead of print]). Additionally, there is a selective increase
in exhaled LTB, in patients with COPD (Montuschi et al. Thorax 2003; 58:585-8).



12 Sep 2011

2006224842

20

25

30

35

-4-

Anticholinergic medications have been accepted as an important treatment modality
in diseases of the upper and lower airways, rhinitis, asthma and COPD. The muscarinic
receptor antagonist, used in this invention will be a long-acting compound. Any
compound of this type can be used in this combination therapy approach.

Glycopyrrolate, another quaternary ammonium anticholinergic compound, consists
of four stereoisomers. Glycopyrrolate belongs to the so-called anticholinergic drugs and
antagonizes the neurotransmitter acetylcholine at its receptor site. This effect leads to a
considerable bronchodilatation and a reduced mucus secretion. It is poorly absorbed from
mucus membranes, thus reducing anticholinergic side effects (Ali-Melkkila et al. Acta
Anaesthesiol Scand 1993; 37:633-42). Glycopyrrolate possesses no selectivity in its
binding to the M;-M; receptors. Kinetics studies, however, showed that glycopyrrolate
dissociates slowly from M3 muscarinic receptors (Haddad et al. Br J Pharmacol 1999;
127:413-20). Similarly to tiotropium, this behaviour explains glycopyrrolate's relative
receptor selectivity and its long duration of action. Indeed, there is evidence that racemic
glycopyrrolate produces considerable and long-lasting bronchodilatory effects both in
asthmatic and in COPD patients (Walker et al. Chest 1987; 91 :49-51, Schroeckenstein et
al. J Allergy Clin Immunol 19881, 82:115-9, Gilman et al. Chest 1990; 98:1095-8,
Cydulka and Emerman, Ann Emerg Med 1995; 25:470-3). Additionally, the use of a
topical anticholinergic medication (e.g. ipratropium or glycopyrrolate) in allergic rhinitis
is both safe and effective in reducing the symptoms (Milford et al. J Laryngol Otol 1990;
104:123-5, Meltzer J Allergy Clin Immunol 1992; 90:1055-64). As rhinitis, asthma and
COPD are characterised by increased mucus secretions, the antisecretory effect of
anticholinergics such as glycopyrrolate is an additional advantage for their use in the
therapy of these diseases.

Current treatments for asthma and COPD are not satisfactory. The same is valid for
rhinitis where the relatively simple nasal disease, in spite of an apparently satisfactory
treatment, further develops to a bronchial asthma. Given the high prevalence of these
diseases, therefore the problem underlying the present invention was the presentation of
improved, more effective and more convenient therapeutic interventions.

This problem can be solved according to the invention by a combination of a topical
anticholinergic with at least one leukotriene receptor-antagonist.

Antagonists of BLT- and CysLT-receptors reduce the inflammatory processes both
in upper and lower airways (e.g. rhinitis, asthma and COPD). Thus, these effects of LT-
receptor-antagonists result in an improved mucosal and bronchial function in patients

suffering from airway diseases including allergic rhinitis, bronchial asthma or COPD.
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The pharmacodynamic properties of both drug classes, anticholinergics (especially R,R-
glycopyrrolate) and LT-receptor-antagonists complement one another and result in more
efficacious treatment of the mentioned diseases resulting in a minimization of systemic

exposure. The combination according to the invention, LT-receptor antagonist and

anticholinergic, is superior to monocompounds with respect to therapeutic efficacy, safety
onset and duration of action, or side-effects, namely surprisingly in an overadditive
manner. Additionally, the patients' compliance is also increased.

Accordingly, a first aspect of the present invention provides use of an effective
amount of R,R-glycopyrrolate or one of its physiologically acceptable salts and an
effective amount of montelukast or one of its physiologically acceptable salts for the
manufacture of a medicament for the treatment of respiratory diseases selected from
allergic rhinitis, bronchial asthma and COPD in a mammal.

A second aspect provides a pharmaceutical when used for the treatment of
respiratory diseases selected from allergic rhinitis, bronchial asthma and COPD in a
mammal, the pharmaceutical containing R,R-glycopyrrolate or one of its physiologically
acceptable salts and montelukast or one of its physiologically acceptable salts.

A third aspect provides a method for the treatment of respiratory diseases selected
from allergic rhinitis, bronchial asthma and COPD in a mammal, the method comprising
administration of a combination of R,R-glycopyrrolate or one of its physiologically
acceptable salts and montelukast or one of its physiologically acceptable salts.
Experimental part

Not only TNFa but also IL-2 plays an important role in inflammatory airway
diseases. It is known that in certain forms of asthma (e.g. intrinsic and occupational),
particular subsets of T cells produce, among others, IL-2 (Ricci et al.; J Investig Allergol
Clin Immunol 1994; 4:214- 20). Moreover, allergic patients have special populations of
T cells which can be induced to secrete IL-2 (McHugh et al.; Clin Exp Allergy 1993;
23:137-44). It has also been demonstrated that zafirlukast, a cysLT-receptor antagonist
was able to decrease, among others, the IL-2 expression in ovalbumin-sensitized Brown
Norway rats (Lin et al.; Clin Exp Allergy 2002; 32:960-6). Therefore, the influence of
R,R-glycopyrrolate in combination with cysLT-receptor antagonists on TNFa- and
interleukin(IL)-2-release was investigated by using human peripheral blood mononuclear

cells (PBMCs). The investigations were approved by

AH21(5580825 1).JJP
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the University Ethics Committee according to the International Declarations of Helsinki and
Tokyo.

PBMCs were isolated from heparinized blood samples of healthy donors by density gradient
centrifugation. An equal volume of Hanks buffer (Life Technologies, Heidelberg, Germany) is
added to heparinized whole blood samples. 15ml Histopaque-1077 (Sigma, Deisenhofen,
Germany) are overlayed with a maximum of 40ml of blood/Hanks mixture were centrifuged
for 30 min at room temperature (2000 rpm). A visible band containing PBMCs is transferred
to a fresh tube and washed twice with Hanks-buffer. Finally cells are seeded in RPMI 1640
Medium (Life Technologies, Heidelberg, Germany) with Glutamax | (Gibco BRL, Eggenstein)
and 10% FCS (Boehringer Mannheim, Penzberg, Germany). After isolated, PBMCs were
cultured in RPMI 1640 medium supplemented with 10% fetal calf serum (FCS) at 37 °C 5%
CO, overnight. Monocytes were isolated from other cells by adherence method, non-
adherent cells were removed by changing the medium.

Cells are re-suspended at 10° celis/ml and incubated in 500ul volumes in 24-well tissue
culture plates (Falcon Becton Dickinson Labware) at 37°C, 5%CO.. After pre-incubation with
test substances (0.5 upl / 500ul medium) for 30min, cells were stimulated with
lipopolysaccharide (LPS) (100 ng/ml). Instead of LPS, TPA (phorbol-12-myristate-13-acetate)
(25 nM) and ionomycine (1 pg/ml) were used to stimulate IL-2 release. At indicated times
cells were sedimented by centrifugation. The supernatants were harvested and kept frozen
at -80°C until protein determination; the cells were lysed by RLT lysis Buffer (Qiagen, Hilden,
Germany) and frozen at —80°C until analysis.

Cytokine measurements in culture supernatants were done by sandwich ELISA using
matched antibody pairs (Pharmingen, Heidelberg, Germany). ELISA plates (Maxisorb, Nunc)
are coated overnight with anti-cytokine monoclional antibody (mAb) in 0.1 M carbonate buffer,
pH 9.5. After being washed, plates are blocked with Assay Diluent (Pharmingen, Heidelberg,
Germany) for 1h and washed again. Appropriately diluted supernatant samples and
standards are distributed in duplicates and the plates are incubated for 2h at room
temperature. Plates are washed, incubated for 1h with working detector (biotinylated anti-
cytokine antibody and Avidin-horseradish peroxidase conjugate). After washing, substrate
(TMB and hydrogen peroxide) is added. The reaction is stopped by adding of 1M HsPO,.
Plates are read at 450nm (reference 570nm) in a microplate reader (Dynatech). The results
are expressed as a percentage of the control level of cytokines production by cells stimulated
in the absence of the compound.

Upon LPS-stimulation, basal TNFa release from monocytes increased from 150 pg/ml up to
3,208 pg/ml. R,R-glycopyrrolate alone did not influence the LPS-induced TNFa release up to
10 umol/l. TPA/ionomycin considerably stimulated IL-2 release from PBMCs (from O pg/ml
[under detection limit] up to 5,300 pg/ml). Similarly to TNFa, R,R-glycopyrrolate alone had no
influence on the stimulated IL-2 release up to 10 pmol/l.

The cysLT-receptor antagonist montelukast inhibited the TNFa release in a concentration-
dependent manner. The ICs value of montelukast amounted to 2.45£0.85 nmol/l. The

simultaneous addition of 10 umol/l of R,R-glycopyrrolate did not influence montelukast’s ICsp
(2.58 nmolfl).

Montelukast significantly inhibited the IL-2 release with an ICse-value of 0.88+0.14 nmol/l.
The simultaneous addition of 10umol/l of R,R-glycopyrrolate surprisingly and highly
significantly reduced the ICs to 0.26+0.07 nmol/l (p=0.0023) in an over-additive manner.

In summary, based on the present experimental investigations, we conclude that R,R-
glycopyrrolate may significantly enhance the anti-inflammatory activity of cysLT-receptor
antagonists.
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Examples

The combination therapy contemplated by this invention comprises administering at least
one cysLT- or BLT-receptor antagonist with a long-acting anticholinergic compound to
prevent onset of an upper or lower airway disease event or to treat an existing condition and
to reduce airway inflammation. The compounds may be administered together in a single
dosage form. Or they may be administered in different dosage forms. They may be
administered at the same time. Or they may be administered either close in time or remotely,
such as where one drug is administered in the morning and the second drug is administered
in the evening. The combination may be used prophylactically or after the onset of symptoms
has occurred. In some instances the combination(s) may be used to prevent the progression
of an airway disease or to arrest the decline of a function such as lung function.

These drugs, the anticholinergics and the LT-receptor antagonists, are usually administered
as an aerosol, or as an inhaled powder. This invention contemplates either administering one
drug after the other or co-administering both drugs in one delivery form such as an inhaler,
which is putting both drugs in the same inhaler in one or even more containers. Formulations
are within the skill of the art. To date, all known LT-receptor antagonists are orally
bioavailable and will be administered as tablets. However, there is evidence that LT-receptor
antagonists are also effective when they are given topically. The potential role of the LT-
receptor antagonist L-648,051 for local aerosol therapy for asthma is promising (Young
Agents Actions 1988; 23(Suppl):113-9). The LT-receptor antagonist MK-571 completely
inhibited in vivo chemotactic response in the guinea pig conjunctiva indicating the usefulness
not only in allergic conjunctivitis but also in allergic rhinitis and asthma (Chan Eur J
Pharmacol 1990; 191:273-80). Inhaled LT-receptor antagonist ICI 204,219 protected
significantly against exercise-induced bronchoconstriction in asthmatic subjects (Makker Am
Rev Respir Dis 1993; 147:1413-8). Inhaled LT-receptor antagonist verlukast (MK-0679)
caused significant improvement in mean FEV; in asthmatic subjects (Lammers, Pulm
Pharmacol 1992; 5:121-5). Inhaled LT-receptor antagonist AS-35 suppressed dose-
dependently antigen induced bronchoconstriction in ventilated guinea pigs (Bando,
Arzneimittelforschung 1994; 44:754-7). Inhaled LT-receptor antagonist pobilukast (SK&F
104353) inhibited significantly LT induced bronchoconstriction in asthmatic subjects (Christie,
J Allergy Clin Immunol 1991; 88:193-8). Thus, inhaled LT-receptor antagonists like L-
648,051 are suited for inhaled treatment (Evans, Br J Clin Pharmacol 1989; 28: 125-35).

Zafirlukast administered topically into the eyes effectively inhibit the development of
symptoms and mediator release in an experimental model of allergic conjunctivitis in rats
(Papathanassiou et al. Inflamm Res 2004; 53:373-6).

The active ingredients may be given from 1 to 8 times a day, sufficient to exhibit the desired
activity. Preferably, the active components are given about once or four times a day, more
preferably once or twice a day. The long duration of action makes twice daily administration
possible. If the active components are present in the form of a fixed combination,
administration is simpler for the patient, because both active ingredients are contained in one
device.

The LT-receptor antagonist, for example montelukast can be orally administered in an
amount of between 1 and 100 mg/day adult human with the preference of 5 to 20 mg/day in
dependence of the intensity of the airway inflammation. In nasal sprays or drops the
concentration of the LT receptor antagonists, for example montelukast, in the combination
can be in the range from 0.01 to 5 %. Preferred concentrations are 0.1% to 2% for the LT
receptor antagonist. In metered dose inhalers or dry powders for inhalation the dose of the
LT receptor antagonists, for example montelukast, in the combination can be in the range
from 0.05 to 10 mg per dose, preferentially 0.2 to 5 mg per dose.
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The inhaled anticholinergic drug, for example racemic glycopyrrolate, one of its enantiomers,
especially R,R-glycopyrrolate or a mixture thereof and its salt, solvates and hydrates can be
administered from a metered dose inhaler or a dry powder for inhalation in an amount of
between 1 and 500 pg/day adult human with the preference of 5 to 100 pg/day. In nasal
sprays or drops the concentration of the anticholinergic components, e.g. glycopyrrolate,
according to the present invention can be in the range from 0.0001% to 0.5%. Preferred
concentrations are 0.001 to 0.1% for R,R-glycopyrrolate.

It is contemplated that both active agents would be administered at the same time, or very
close in time. Alternatively, one drug could be taken in the morning and one later in the day.
Or in another scenario, one drug could be taken twice daily and the other once daily, either at
the same time as one of the twice-a-day dosing occurred, or separately. Preferably both
drugs would be taken together at the same time.

For the veterinary use, the anticholinergic, e.g. glycopyrrolate, can be given to horses in an
amount of 1 to 32 ug/kg/day with the preference between 4 and 16 ug/kg/day alone or in
combination with an inhaled or orally administered LT-receptor antagonist. The cysLT-
receptor antagonist, for example montelukast can be administered in an amount of between
10 and 1,000 mg/day horse with the preference of 50 to 200 mg/day in dependence of the
intensity of the airway inflammation. The desired dose for a BLT-receptor antagonist
depends on its receptor affinity and availability at the receptor site.

Formulation and process of production

The present invention describes a combination in which a anticholinergic such as R,R-
glycopyrrolate administered alone or in combination with an LT- receptor antagonist, e.g.
montelukast, zafirlukast and/or pranlukast are administered simultaneously, one after the
other as individual substance or as a fixed combination in the described matter.

The active substances can be given, according to the invention, simultaneously, successively
or independently of one another, topically (intranasally or by inhalation) as a fixed
combination or in individual substances or orally combined with topically. If separate
formulations are present, then these are tailored to one another and contain the respective
active compounds in the dosage unit in the same amounts and corresponding weight ratios
in which they can be present in the combination.

The compositions of oral or topical administration can be formulated as different,
pharmaceutically acceptable forms of administration, e.g. nasal sprays or nasal drops,
tablets, film coated tablets, capsules or granules. The topical dosage forms may also include
an emulsion, a paste, a cream and/or a gel.

In addition to the active compounds the pharmaceutical preparations according to the
invention can contain further constituents such as preservatives, stabilizers, isotonicizing
agents, thickeners, suspension stabilizers, excipients for pH adjustment, buffer systems,
wetting agents and others, e.g. colorants.

Antimicrobial preservative - substances include, for example: benzalkonium chloride,
chlorobutanol, thiomersal, methylparaben, propylparabe, sorbic acid and it salts, sodium
edetate, phenylethyl alcohol, chlorhexidine hydrochloride and bromide, chorhexidine acetate,
chiorhexidine digluconate, chlorocresol, phenylmercury salts, phenoxyethyl alcohol,
cetylpyridinium chloride or bromide.

A combination of sodium edetate and benzalconium chloride can be suitable used as a
preservative. Sodium edetate is used in concentrations of from 0.05 to 0.1%, and
benzalkonium chloride in concentrations of from 0.005 to 0.05%wt., based on the
composition.



WO 2006/097250 PCT/EP2006/002247
8

Suitable excipients for the adjustment of the isotonicity or osmolarity of the formulations are,
for example: sodium chloride, potassium chloride, mannitol, glucose, sorbitol, glycerol,
propylene glycol. In general, these excipients are employed in concentrations from 0.1 to 10
%.

The formulations of the invention can also include suitable buffer systems or other excipients
for pH adjustment in order to establish and maintain a pH of the order of magnitude of 4 to 8,
preferably of 5 to 7.5. Suitable buffer systems are for example citrate, phosphate,
tromethamol, glycine, borate, acetate. These buffer systems can be prepared from
substances such as, citric acid, monsodium phosphate, disodium phosphate, glycine, boric
acid, sodium tetraborate, acetic acid, sodium acetate. Further excipients can also be used for
pH adjustment, such as hydrochloric acid or sodium hydroxide.

In order to prepare a stable aqueous suspension containing a water-insoluble active
compound, suitable suspension stabilizers and suitable wetting agents are furthermore
necessary in order to disperse and to stabilize the suspended drug substance in a suitable
manner.

Suitable suspension stabilizers are water-soluble or partly water-soluble polymers: these
include, for example, methylcellulose (MC), sodium carboxymethylcellulose (Na- CMC),
hydroxypropylmethylcellulose (HPMC), polyvinyl alcohol (PVAL), polyvinylpyrrolidone (PVP}),
polyacrylic acid, polyacrylamide, gellan gum (Gelrite®), hydrated alumina (Unemul®),
dextrins, cyclodextrins, cellulose acetate phtalate, and mixtures of microcristalline cellulose
(different types of Avicel®) and sodium carboxymethylcellulose. These substances can
simultaneously serve as thickeners in order to increase the viscosity and thereby to prolong
the contact of the drug substances with the tissue at the application site.

Suitable wetting agents are, for example: benzalkonium chloride, cetylpyridinum chloride,
tyloxapol, various polysorbates (Tween®), and further polyethoxylated substances and
poloxamers.

For nasal administration of solutions or suspensions according to the invention, various
devices are available in the art for the generation of drops, droplets and sprays. For example,
formulations can be administrated into the nasal passages by means of a dropper (or pipette)
that includes a glass, plastic or metal dispensing tube. Fine droplets and sprays can be
provided by an intranasal pump dispenser or squeeze bottle as well known to the art.

The invention also includes a Kit containing one or more unit dehydrated doses of one or
more drug substances as well as any required excipients of the formulation, ready for
preparation of a solution or suspension by addition of a suitable amount of sterile or
nonsterile water.

The active substances can be given, according to the invention, simultaneously, successively
or independently of one another, by inhalation as a fixed combination or in individual
substances or orally combined with inhalation.

As inhalable compositions pressurized metered dose inhalers, dry powders or inhalation
solutions without propellant can be considered. Among the latter are even sterile, ready for
use or just before use manufactured inhalation solutions, suspensions or concentrates as a
nebulizable composition in an aqueous and/ or organic medium. These dosage forms are
part of the present invention.

Pressurized metered dose inhalers with propellants may contain the active R,R-
glycopyrrolate and at least one LT-receptor antagonist in solution or in dispersion in a
propellant. The propellants which can be used for inhalation aerosols in this invention are
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well known: mainly halogenated hydrocarbon derivatives, TG134a and TG227, or their
mixtures are applied. Furthermore detergents (eg. oleic acid), stabilizers (eg. sodium
edetate), co-solvents (eg. propyleneglycol, polyethyleneglycol, glycerol), antioxidants (eg.
ascorbic acid), lubricants (eg. polyoxyethylene-glyceryl-trioleate) or buffer systems or other
excipients for pH adjustment (eg. hydrochloric acid) are normally added. The active
ingredient may have an average particle diameter of up to 5 pm.

A combination of ethyl alcohol and polyoxyethylene-25-glyceryl-trioleate (frade name: Tagat
TO) can be suitable used as a detergent/stabilizer/co-solvent/lubricant complex in a
concentration between 0.5 and 1.5 %.

The above mentioned aerosols containing a propeliant, solutions or suspensions according
to the invention are administered by state of the art inhalers, so-called pressurized metered
dose inhalers (=pMDI). They can be equipped with different-sized metal or plastlc stems
responsible for metering and release of the actives.

Dry powders contain the active anticholinergic and/or at least one LT-receptor antagonist
either alone or in a mixture with a pharmaceutically suitable, physiologically harmless carrier.
This can be chosen from materials known as carriers in dry powder inhalation compositions
for example monosaccharides (eg. glucose, arabinose), disaccharides (eg. lactose,
saccharose, maltose), oligo- and polysaccharides (eg. dextran) and sugar alcohols (eg.
sorbit, mannit).

Best available technology is to use mainly lactose as lactose monohydrate. The used
excipients feature a particle size distribution up to approximately 500 um, the preferred mean
particle diameter is approximately 110 to 290 um. The active ingredient may have an
average particle diameter of up to 4 um.

The inhalation powders according to this invention can be administered by the help of state
of the art dry powder inhalation devices for instance the Novolizer®. The inhalation powder
can be pre-metered in capsules (eg. gelatine) or blisters (aluminium pouches) or metered
just before use from a bulk reservoir. The anticholinergic and at least one LT-receptor
antagonist can be there in a fixed combination or both actives are in separate packaging
units, that they can be administered independent of each other from one device or a pack
from two or more different devices or simultaneously.

The following examples shall illustrate the invention without restricting it.
Example 1

Nasal spray or nasal drops containing glycopyrrolate

R,R- Glycopyrrolate 0.0070 g
Hydroxypropylmethylcellulose 0.1000 g
Sodium edetate 0.0500 g
Benzalkonium chioride 0.0125¢g
Sorbitol solution 70 % 6.6000 g
Purified water ‘ to 100 ml

Preparation of the solution

Infroduce 80 % of purified water into a suitable stirrer-equipped container. Add the
Glycopyrrolate, Hydroxypropylmethylcellulose, Benzalkonium chloride, Sodium edetate and
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Sorbitol solution successively thereto and dissolve with stirring. Make up to the final volume
using purified water and stir. Filter the solution through a membrane filter having a pore size
of 0.2 ym and dispense into bottles.

Example 2

Nasal spray or nasal drop suspension containing montelukast (1 %)

Montelukast 1.0000 g
Avicel RC 591 ‘ 1.1000 g
Polysorbate 80 0.1000 g
Sodium edetate 0.0500 g
Benzalkonium chloride 0.0200 g
Sorbitol solution 70 % 6.0000 g
Purified water to 100 ml

Preparation of the suspension:

Introduce 80 % of purified water into a suitable stirrer- equipped container having a
homogenizing device and homogenize Avicel RC 591 therein at high speed. Then dissolve
the substances Polysorbate 80, sorbitol solution, sodium edetate and benzalkonium chloride
with stirring. Then homogenize in the active compound montelukast at high speed until a
uniform suspension results. Then make up to the final volume with purified water and
homogenize further. Then evacuate the suspension in order to remove the resulting air
bubbles. The resulting suspension is then dispensed into bottles.

Example 3

Nasal spray or nasal drops comprising R,R- Glycopyrrolat and montelukast

R;R- Glycopyrrolat 0.0070 g
Montelukast 1.0000 g
Avicel RC 591 1.1000 g
Polysorbate 80 0.1000 ¢
Sodium edetate 0.0500 g
Benzalkonium chloride 0.0200 g
Sorbitol solution 70 % 6.0000 g
Purified water to 100 ml
Preparation:

Introduce 80 % of purified water into a suitable stirrer- equipped container having a
homogenizing device and homogenize Avicel RC 591 therein at high speed. Then dissolve
the R,R- Glycopyrrolat and the excipients Polysorbate 80, sorbitol solution, sodium edetate
and benzalkonium chloride with stirring. Then homogenize in the active compound
montelukast at high speed until a uniform suspension results. Then make up to the final
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volume with purified water and homogenize further. Then evacuate the suspension in order
to remove the resulting air bubbles. The resulting suspension is then dispensed into bottles.

Example 4

Dry Powder for Inhalation with 20 Wg glycopyrrolate and 2.5 mg Montelukast per single dose

R;R- Glycopytrrolat 20.000¢g
Montelukast 2500.000 g
Lactose 9480.000 g

Preparation of a Dry Powder for inhalation:

A quantity of 20 g micronized glycopyrrolate is mixed with 180 g alpha lactose monohydrate,
the mixture is given on a sieve of 0.5 mm mesh size and finally mixed again. The mixture
received is mixed with 1800 g alpha lactose monohydrate (= mixture 2). This mixture is
divided into two parts. The first part of the glycopyrrolate/lactose mixture 2 and 2,500 g
micronized Montelukast are blended, the mixture is given on a sieve of 0.8 mm mesh size
and finally mixed again (= mixture 3). Mixture 3 and 7,500 g lactose are blended first; finally
this mixture and the second part of the glycopyrrolate/lactose mixture 2 are blended (=
mixture 4). The received mixture is given on a sieve of 0.8 mm mesh size. Subsequently, it is
mixed again and the powder mixture received is filled in powder inhalers releasing 12 mg of
powder per single dose.

Per single dose, 20 ug glycopyrrolate and 2.5 mg Montelukast are released from a powder
inhaler and supplied to the patient’s airways.

Example 5:

Pressurized metered dose inhaler with 50 pg glycopyrrolate and 2.5 mg Montelukast per
single dose

R;R- Glycopyrrolat 0.840¢g
Montelukast 42.000 ¢
Saccharin Sodium 1.800 g
Tagat TO 23.400g
Absolute Ethyl alcohol 23.400¢g
HFA 227 ad 2340.000 g

Preparation of the pressurized metered dose inhaler:

A quantity of 2000 g 1,1,1,2,3,3,3, heptafluoropropane (=HFA) 227) is cooled down at a
temperature of -55°C and, while stirring, mixed up with a solution of 23.4 g polyoxyethylene-
25-glyceryl-trioleate (trade name: Tagat TO) in 23.4 g absolute ethyl alcohol.
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Subsequently, 0.840 g micronised glycopyrrolate and 42.000 g micronised Montelukast as
well as 1.800 g micronised saccharin sodium is added, and the suspension produced is
intensively homogenized. While further cooling and stirring, the suspension is filled up with
refrigerated propellant 227 to 2340 g and after mixing again filled in metal cans which are
closed with metering valves releasing 100 jl of the suspension per actuation.

50 pg glycopyrrolate and 2.5 mg Montelukast are released per actuation.
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The claims defining the invention are as follows:

1.  Use of an effective amount of R,R-glycopyrrolate or one of its physiologically
acceptable salts and an effective amount of montelukast or one of its physiologically
acceptable salts for the manufacture of a medicament for the treatment of respiratory
diseases selected from allergic rhinitis, bronchial asthma and COPD in a mammal.

2.  The use according to claim 1 where the effective amount of montelukast is the
daily dose which is from 1 to 100 mg, preferably from § to 20 mg.

3. The use according to claim 1 or claim 2 where the effective amount is the
daily dose of R,R-glycopyrrolate which is from 1 to 500 ug.

4,  The use according to any one of claims 1 to 3 where the effective amount of
R,R-glycopyrrolate is the daily dose which is from $ to 100 pg.

5. Pharmaceutical when used for the treatment of respiratory diseases selected
from allergic rhinitis, bronchial asthma and COPD in a mammal, the pharmaceutical
containing R,R-glycopyrrolate or one of its physiologically acceptable salts and
montelukast or one of its physiologically acceptable salts.

6.  Pharmaceutical when used according to claim S, where the active substances
are available readily mixed in a fixed combination, if appropriate together with the usual
excipients, adjuncts, and additives in a pharmaceutical form suitable for inhalative
application.

7.  Pharmaceutical when used according to claim 5, where the active substances
are available in separate packing units whereby both substances can be taken from the
separate packing units in such a way that they are available for simultaneous inhalative
application.

8. Pharmaceutical when used according to claim 7, where the active substances
can be applied independently from each other.

9.  Pharmaceutical when used according to one of the claims 6 to 7, characterised
in that it is an inhalable aerosol with or without propellant.

10. Pharmaceutical when used according to one of the claims 6 to 7, characterised
in that it is an inhalable dry powder.

11. Pharmaceutical when used according to one of the claims 6 to 9, characterised
in that it is an inhalable suspension or solution.

12.  Pharmaceutical when used according to any one of the claims 7 to 11
presented in an inhaler.

13. A method for the treatment of respiratory diseases selected from allergic

rhinitis, bronchial asthma and COPD in a mammal, the method comprising administration
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of a combination of R,R-glycopyrrolate or one of its physiologically acceptable salts and
montelukast or one of its physiologically acceptable salts.

14. The method according to claim 13 wherein montelukast is administered in a
daily dose amount of from 1 to 100 mg, preferably from 5 to 20 mg.

15. The method according to claim 13 or claim 14 wherein R,R-glycopyrrolate is
administered in a daily dose amount of from 1 to 500 pg.

16. The method according to any one of claims 13 to 15 wherein R,R-
glycopyrrolate is administered in a daily dose amount of from S to 100 pg.

17. The method according to any one of claims 13 to 16 wherein the montelukast
and R,R-glycopyrrolate are administered readily mixed in a fixed combination, if
appropriate together with the usual excipients, adjuncts and additives in a pharmaceutical
form suitable for inhalative application.

18. The method according to any one of claims 13 to 16 wherein the montelukast
and R,R-glycopyrrolate are available in separate packing units and are taken from those
packing units and administered by simultaneous inhalative application.

19. The method according to any one of claims 13 to 16 where the montelukast
and R,R-glycopyrrolate are administered independently from each other.

20. The method according to claim 17 or claim 18 wherein the combination is
administered in an inhalable aerosol with or without propellant.

21.  The method according to claim 18 wherein the combination is administered as
an inhalable dry powder.

22. The method according to any one of claims 17 to 20 wherein the combination
is administered as an inhalable suspension or solution.

23. The use according to any one of claims 1 to 4 or the pharmaceutical when
used according to any one of claims 6 to 12 or the method according to any one of claims
13 to 22 characterised in that the mammals are cats, dogs or horses.

Dated 9 September, 2011
MEDA Pharma GmbH & Co KG
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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