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INCLUSION COMPLEXES OF BETA-2-ANDRENERGICS FOli ORAL MUCOSAL DELIVERY

BACKGROUND OF THE INVENTION

This invention relates to a pharmaceutical composition for oral mucosal

delivery comprising as an active ingredient an inclusion complex of a

selective B,-adrenergic agonist or a salt thereof, and a cyclodextrin.

Salbutamol(4-hydroxy-3-hydroxymethyl-c-[(tert-butylamino)methyl]-benzyl

alcohol) and other selective B,-adrenergic agonists, such as metaproterenol,

terbutaline, pirbuterol, salmeterol, fenbuterol, orciprenaline, formoterol,

hexaprenaline, reproterol, rimiterol, fenoterol, procaterol, mabuterol,

bambuterol and bitolterol, are useful for the treatment of reversible

obstructive airways diseases such as asthma and the reversible component of

chronic obstructive pulmonary diseases.

Asthma is a chronic disease in which the patient suffers episodes of

reversible airways obstruction. It is a common disorder occurring in about

4-5% of the population. Fatalities can occur and mortality rates are reported

to be increasing.

The underlying cause of asthma is poorly understood, but resistance to

airflow is increased by a number of factors:
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\ Constriction of airway smooth muscle

2 The presence of excessive secretions within the airway lumen

3 Thickening of the airway epithelium due to oedema, infiltration of the
mucosa by eosinophils and other inflammatory cells, hypertrophy and

hypertrophy and hyperplasia.

As asthma is a chronic disease, management involves prophylatic measures
to reduce airway resistance and maintain airflow as well as specific regimens

for the treatment of acute attacks.

The standard drugs used in the management of asthma are B,-adrenergic
agonists.  B,-adrenergic agonists relax the bronchial smooth muscle to
produce bronchodilatation by stimulating 8,-adrenergic receptors. Short
acting selective B*-agonists such as salbutamol or terbutaline are the initial
drugs of choice; if inhaled, they produce a bronchodilating effect within 15

minutes.

Initially, therapy is usually administered by inhalation to deliver the drugs
to the desired site of action. The doses are approximately 5% of the dose
required with oral administration. In severe asthma, the oral route may also
be necessary. Difficulties associated with the use of inhalers may be
overcome by the use of spacing devices to act as reservoirs for the drug to

make it easier for the patient (especially a child) to inhale each dose.

Chronic obstructive pulmonary disease (COPD) covers a range of disorders
of progressive airflow limitation including chronic bronchitis and
emphysema. Unlike asthma, the obstruction of airflow is relatively constant
and essentially irreversible. COPD is a common disorder, frequently

associated with cigarette smoking, infections, environmental pollution and
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occupational dust exposure. Drug treatment includes symptomatic and
palliative therapy using bronchodilating agents. First-line drug therapy for
the treatment of COPD consists of bronchodilating agents to alleviate
bronchospasm and any reversible component of airway obstruction. The
drug of first choice is a B,-selective agonist such as salbutamol or terbutaline

given by inhalation.

As stated above, salbutamol and related B,-adrenergic agonists are
administered either by inhalation or by the orogastric route. When
administered by inhalation, salbutamol produces signiﬁcant bronchodilation
within 15 minutes and effects are demonstrable for 3 to 4 hours. With
aerosol therapy only about 10% of the inhaled dose actually enters the lungs:
much of the remainder is swallowed. Successful aerosol therapy requires that
the patient masters the technique of drug administration. Many patients,
particularly children and the elderly, do not use optimal techniques.
Additionally, many allergic asthmatics suffer from mucous congestion of the
respiratory tract which further reduces the absorption of inhaled

bronchodilators.

Salbutamol is rapidly absorbed from the gastro-intestinal tract. It is subject
to first-pass metabolism in the liver and possibly the gut wall. The main
metabolite is an inactive sulphate conjugate. It is rapidly excreted in the
urine as metabolites and unchanged drug; there is some excretion in the
faeces. It has been suggested that the majority of an inhaled dose is
swallowed and absorbed from the gut (see Goodman & Gilman’s The
Pharmacological Basis of Therapeutics, Eighth Edition, Volume 1, Chap. 10
p204). The plasma half-life of salbutamol has been estimated to range from

about 2 to as much as 7 hours.
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Administration of salbutamol by inhalation results in the rapid onset (within
5 - 15 minutes) of bronchodilation which lasts for about 4 hours. Following
conventional orogastric administration, the onset of action is within 30
minutes, with a peak effect between 2 to 3 hours after the dose, and a
duration of action of up to 6 hours (see MARTINDALE, The Extra
Pharmacopoeia, 31°" Edition, p 1591).

Administration of drugs by direct absorption through the oral mucosa has
several advantages, particularly rapid systemic uptake with fast onset of
therapeutic action and avoidance of presystemic metabolism. Both of these
advantages are especially of relevance to the use of B,-adrenergic agonists
in the treatment of reversible obstructive airways disease where rapid onset
of action is desirable and where these compounds generally suffer extensive
presystemic metabolism following orogastric administration. However, the
low permeability of the membranes that line the oral cavity results in a low
flux of the drug across the membrane. There is therefore a need to enhance
the drug penetration to improve biovailability following oral mucosal drug
delivery. There are several methods known in the art to deliver drugs to the
oral mucosae. These include buccal and sublingual tablets or lozenges,

adhesive patches, gels, solutions or sprays.

The absorption of drugs from mucosal membranes may be enhanced by (i)
increasing drug solubility, (ii) pH modification to favour the unionized form
of the drug, (iii) addition of mucoadhesive agents to improve contact
between the delivery system and the membrane and (iv) incorporation of so-

called penetration enhancers.

There are a number of penetration enhancers known to influence the

permeability of drugs across epithelial membranes [for a recent review see
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Walker, R.B. and Smith, E.W., Advanced Drug Delivery Reviews 1996, 18,
295-301}.

Cyclodextrins and their derivatives have found extensive application as
solubilizers and stabilizers due to their ability to form inclusion complexes
with a wide variety of compounds [J. Szejtli, Cyclodextrin Technology,
Kluwer Academic Press) and ([J. Szejtli & K-H Fromming, Cyclodextrins
in Pharmacy, Kluwer Academic Press)]. Cyclodextrins have been used to
enhance intestinal absorption of drugs primarily through increasing the
solubility. Recently, cyclodextrins have been shown to have positive and
negative effects on transdermal penetration of drugs [ see Loftson, T. er d,
International Journal of Pharmaceutics 1995, 115, 255-258), (Vollmer, U. et
al, International Journal of Pharmaceutics 1993, 99, 51-58), (Legendre, J.Y.
et al, European Journal of Pharmaceutical Sciences 1995, 3, 311-322) and
(Vollmer, U. et al, Journal of Pharmacy and Pharmacology 1994, 46, 19-
22)].

Cyclodextrins are water soluble cone-shaped cyclic oligosaccharides
containing 6,7 or 8 glucopyranose units. The interior or "cavity" of the cone
is hydrophobic whilst the exterior is hydrophillic. The size of the cavity
increases with increasing number of glucose units. Several cyclodextrin
derivatives such as alkyl, hydroxyalkyl and sulfoalkyl ethers have been
prepared with improved solubility [see (J. Szejtli & K-H Fromming,
Cyclodextrins in Pharmacy, Kluwer Academic Press) and (Stella, V.J. et al,
Pharmaceutical Research 1995, 12 (9) S205)]. Suitably sized hydrophobic
"guest" molecules may enter the "host" cavity to form a classical host-guest
"inclusion compound" or "inclusion complex" with either the entire guest
molecule included or only a portion thereof. The driving mechanism for

cyclodextrin inclusion complexation is the affinity of the hydrophobic guest
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molecule for the cavity of the cyclodextrin host molécule with displacement
of cavity water molecules to form a thermodynamically more stable state.
The term "complex stability" or stability of a given inclusion complex refers
to the association/dissociation equilibrium of host and guest in solution.
Complex stability depends on the number of intermolecular bonding
interactions between the host and guest. Van der Waals forces and
hydrophobic interactions are the main stabilising interactions in inclusion
complexes (Bergeron, R.J. et al, Journal of the American Chemical Society
1977, 99, 5146). Depending on the nature and position of hydrogen bonding
functionalities on a given guest, there may be hydrogen bonding between the
guest and hydroxyl groups of the cyclodextrin or other hydrogen bonding
groups in the case of cyclodextrin derivatives. Ionic interactions between the
host and guest are also possible in the case of ionic cyclodextrins such as
sulphobutyl ethers (Stella, V.J. ef al, Pharmaceutical Research 1995. 12 (9)
S205).

Cyclodextrin inclusion complexes may be prepared on the basis of liquid
state, solid state or semi-solid state reactions between the components (J.
Szejtli, Cyclodextrin Technology, Kluwer Academic Press). The first is
accomplished by dissolving the cyclodextrin and guest in a suitable solvent
or mixture of solvents and subsequently isolating the solid state complex by
crystallisation, evaporation, spray drying or freeze drying. In the solid state
method, the two components may be screened to uniform particle size and
thoroughly mixed whereafter they are ground in a high energy mill with
optional heating, screened and homogenized. In the semi-solid state reaction
the two components are kneaded in the presence of small amounts of a
suitable solvent, and the complex so-formed, is dried, screened and
homogenized. The liquid state reaction generally provides optimum

conditions for completeness.
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Inclusion complexes of various cyclodextrins and salbutamol in both the
liquid and the solid state have been reported in the literature [see (H.M.
Cabal Marques, J. Hadgraft and 1.W. Kellaway, International Journal of
Pharmaceutics, 63 (1990) 259-266)]. Cabral Marques et a/ studied the
interaction of salbutamol with beta-, alpha- and gamma-cyclodextrins. Using
the methods of Higuchi and Connors (4dv. Anal. Chem., 4(1965) 117-212)
they determined by solution studies that the solubility of the salbutamol
complexes increased in the order: Heptakis(2,6-di-O-methyl)-beta-
cyclodextrin (DIMEB), > beta-cyclodextrin, >> gamma-cyclodextrin, >>
alpha-cyclodextrin. This increase in solubility ‘was attributed to the
accessibility of the ring of the salbutamol molecule to interaction with the
cyclodextrins. Overall, the cavity size of beta-cyclodextrins and its
derivatives appear to be optimal for entrapment of the salbutamol molecule,
and consequently provides the greatest solubilization effect. The authors also
found that changes of temperature in the range 20-37°C had only a minimal
effect on the solubility of salbutamol in both the absence and presence of
cyclodextrins. From the solubility studies it was also concluded that a 1:1
molar complex was the only species formed under the conditions studied.
Stability constants of 66-69 and 62-83 M’ were reported for beta-
cyclodextrin and DIMEB respectively.

The solid beta-cyclodextrin/salbutamo! complex was prepared by freeze-
drying (lyophilization), that is equimolar amounts of beta-cyclodextrin and
salbutamol were dissolved in water, then subjected to freeze-drying for 48
hours while being protected from light. The formation of a solid state
inclusion complex obtained from freeze-drying was determined by
Differential Scanning Calorimetry. When guest molecules are incorporated
in a cyclodextrin cavity their melting, boiling and / or sublimation points

shift to different temperatures or disappear within the temperature range in
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which the cyclodextrin is decomposed. The DSC thermogram for freeze
dried salbutamol showed an endotherm at 431K, and the physical mix of
freeze dried beta-cyclodextrin and salbutamol showed an endotherm at 423K.
The thermogram of the freeze-dried complex showed no endothermic peak
due to the phase transition of salbutamol. Thus the authors claim that freeze-
drying resulted in a true inclusion complex being formed. However, the lack
of a thermal event for the freeze dried beta-cyclodextrin/salbutamol could
also indicate the amorphousness of the salbutamol in the interstitial spaces

of the beta-cyclodextrin.

Cabral Marques et al (International Journal of Pharmaceutics, 63 (1990) 267-
274) used Molecular Modelling and Proton-NMR to assess the mode of
inclusion of salbutamol within the beta-CD cavity. Using Proton-NMR to
assess the mode of inclusion is based on the shielding of the cyclodextrin
and drug protons. If inclusion occurs, protons located within or near the
cyclodextrin cavity should be strongly shielded. The NMR spectra showed
upfield shifts of the cyclodextrin protons in the presence of salbutamol and
the salbutamol protons shifted downfield in the presence of beta-
cyclodextrin. The downfield shifts of the aromatic protons were greater than
those of the aliphatic protons, suggesting that the aromatic ring of salbutamol
interacts more strongly with the beta-cyclodextrin. The interior protons of
the cyclodextrin molecule were shielded as a result of the anisotropy of the
guest aromatic moiety. The highest shifts of beta-cyclodextrin protons
occurred for a molar ratio of 1:1 (salbutamol: beta-cyclodextrin) indicating
the probable stoichiometry of the complex. Molecular graphical computation
showed that the minimum van der Waals energy positioning of salbutamol
relative to beta-cyclodextrin occurs when the aromatic ring of salbutamol

penetrates the cavity leaving the aliphatic chain externalised.
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Cabral Marques et al ( International Journal of Pharmaceutics, 77 (1991)
303-307) studied the fate of a freeze-dried 2-hydroxypropyl-B-cyclodextrin
(HP-B-CD):salbutamol complex following pulmonary administration in order
to evaluate the possibility of obtaining sustained release of salbutamol using
HP-B-CD as a carrier. Using a randomised cross-over design, the absorption
and pharmacokinetics of HP-B-CD salbutamol complex was investigated in
four healthy New Zealand White male rabbits, after intravenous bolus (i.v.)
by means of the marginal ear vein and pulmonary administration via
intratracheal instillation (i.t.) at the bifurcation of the trachea. Although the
terminal half-life of salbutamol did not change significantly after
complexation, the pulmonary absorption of salbutamol as a complex was
prolonged, as shown by its maximum plasma concentration which was
observed approximately 23 minutes after instillation compared to
approximately 14 minutes for the uncomplexed Salbutamol, and also by the
increased absorption time. After i.v. dosing the availability of the complexed
salbutamol was reduced to about 80% of that of the free drug. They
concluded that complexation with HP-B-CD did not sufficiently extend the
salbutamol release profile to justify its use as a sustained release inhalation

formulation.

Hirayama et al (Pharmaceutical Sciences 1995, 1, 517-520) investigated the
effect of perbutanoyl-B-cyclodextrin (TB-B-CD), a hydrophobic cyclodextrin
derivative, on plasma salbutamol levels after oral administration in dogs. The
kneading method was used to prepare the sample of salbutamol/TB-3-CD in
a 1:1 molar ratio using methanol as the solvent. After oral administration of
the salbutamol complex in dogs, a prolonged maintenance (at least 24 hours)
of higher and constant salbutamol levels in plasma was obtained. The area
under the plasma salbutamol concentration curve up to 24 hours after

administration of the salbutamol/TB-3-CD complex was about 5 times that
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of salbutamol alone. Furthermore, the plasma level of salbutamol
glucuronide, a major metabolite of salbutamol, was significantly lower after
administration of the salbutamol/TB-8-CD complex than after administration
of the drug alone. This was attributed to the suppression of the metabolism
of salbutamol in the gastrointestinal tract by TB-B-CD complexation. The
authors concluded that TB-8-CD may be a useful carrier for orally
administered water-soluble drugs which are extensively metabolized in the

gastrointestinal tract.

Heptakis-(2,6-di-O-methyl)-B-cyclodextrin (DIMEB) is derived from beta-
cyclodextrin where methylation has occurred selectively at carbon 2 and 6
in each glucose subunit. Thus, there are 14 methyl groups per substituted
cyclodextrin molecule. This is the beta-cyclodextrin molecule used by Cabral
Marques et al (International Journal of Pharmaceutics, 63 (1990) 259-266).
Randomly methylated-B-cyclodextrin (RAMEB) is obtained from beta-
cyclodextrin where methylation has occurred randomly at carbons 2, 3, or
6. Methylation may occur at all three positions, any two positions, or at one
position only. Therefore, each glucose subunit may have one, two or three
methyl groups. The degree of substitution is expressed as the average

number of methyl groups per glucose subunit.

Salbutamol base and salbutamol sulphate have been complexed with various
cyclodextrins in order to modify the in vivo release of salbutamol. Notably,
salbutamol has been complexed with perbutanoyl-B-cyclodextrin (Hirayama,
F; Horikawa, T; Yamanaka, M; and Uekama, K.; Pharmaceutical Sciences
1995, 1:517-520) and 2-hydroxypropyl-B-cyclodextrin (Cabral Marques, H.
M.; Hadgraft, J.; Kellaway, 1.W.; Taylor, G.; Infernational Journal of
Pharmaceutics. 77 (1991) 303-307) in order to evaluate the possibility of

obtaining sustained release following oral and pulmonary administration.

PCT/GB97/02947
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Complexes of salbutamol base with alpha-cyclodexrin, beta-cyclodextrin,
gamma-cyclodextrin and heptakis(2,6-di-O-methyl)-8-cyclodextrin(DIMEB)
were obtained in order to study the effect of temperature and cyclodextrin
concentration on complex solubility (Cabral Marques, H.M.; Hadgraft, J. and
Kellaway, I.W., International Journal of Pharmaceutics, 63 (1990) 259-266).
Further, salbutamol base was complexed with beta-cyclodextrin in order that
proton NMR could be employed to assess the mode of salbutamol inclusion
within the beta-cyclodextrin cavity. The solid salbutamol inclusion
complexes were prepared by freeze drying. Unfortunately freeze drying is an
expensive drying technique and does not yield a .product with acceptable
physical characteristics. That is, the solid product obtained from freeze
drying does not have a suitable particle size distribution, nor are the flow

characteristics suitable for scale up or tabletting.

There is a need to be able to deliver B,-adrenergic agonists via the

transmucosal routes.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a
pharmaceutical composition for oral mucosal delivery comprising as an
active ingredient an inclusion complex of (a) a selective B3,-adrenergic
agonist or a pharmaceutically acceptable salt thereof and (b) an unsubstituted
or substituted beta- or gamma-cyclodextrin, and a pharmaceutically

acceptable carrier for oral mucosal delivery.

The selective B,-adrenergic agonist is preferably selected from the group

consisting of salbutamol, metaproterenol, terbutaline, pirbuterol, formoterol,



WO 98/18827 PCT/GB97/02947

12

salmeterol, fenbuterol, orciprenaline, isoprenaline, hexoprenaline, reproterol,
rimiterol, fenoterol, procaterol, mabuterol, bambuterol, bitolterol, broxaterol,
carbuterol, clenbuterol, coterol, eformoterol, tretoquinol and tulobuterol and
the pharmaceutically acceptable salts thereof, such as for example the
sulphate, methanesulfonate, hydrochloride, dihydrochloride, acetate or

monoacetate salts.

The selective B,-adrenergic agonist is preferably salbutamol either in the
form of the free base or in the form of a pharmaceutically acceptable salt

such as the sulphate salt.

The inclusion complex preferably has a stoichiometry of (a) to (b) of 1:1 to
1:10 mol/mol, more preferably 1:1 to 1:5 mol/mol, most preferably 1:1

mol/mol.

The pharmaceutical composition may be formulated in the form of a buccal

or sublingual tablet, lozenge, adhesive patch, gel, solution or spray.

The pharmaceutical composition is preferably for use in the treatment of a
reversible obstructive airways disease such as asthma or the reversible

component of chronic obstructive pulmonary diseases.

According to a second aspect of the invention there is provided the use of
an inclusion complex of (a) a selective B,-adrenergic agonist or a
pharmaceutically acceptable salt thereof and (b) an unsubstituted or
substituted beta- or gamma-cyclodextrin, in the manufacture of a
pharmaceutical composition for oral mucosal delivery for use in a method
of treatment of a reversible obstructive airways disease such as asthma or the

reversible component of chronic obstructive pulmonary diseases.
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According to a third aspect of the invention there is provided a method of
treating a patient suffering from a reversible obstructive airways disease
which comprises administering to the oral mucosae of the patient an
inclusion complex of (a) a selective B,-adrenergic agonist or a
pharmaceutically acceptable salt thereof and (b) an unsubstituted or

substituted beta- or gamma-cyclodextrin.

According to a fourth aspect of the invention there is provided an inclusion
complex of salbutamol base and randomly substituted methyl-beta-
cyclodextrin which has substantially the X-ray powder diffraction pattern of
Figure 1 of the accompanying drawings or the Fourier Transform Infra-red

spectrum of Figure 2 of the accompanying drawings.

According to a fifth aspect of the invention there is provided an inclusion
complex of salbutamol base and 2-hydroxypropyl-beta-cyclodextrin which
has substantially the X-ray powder diffraction pattern of Figure 5 of the
accompanying drawings or the Fourier Transform Infra-red spectrum of

Figure 6 of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an X-ray powder diffraction pattern of a 1:1 kneaded
complex of salbutamol base and randomly methylated-f3-

cyclodextrin obtained from Example 1;

Figure 2 shows a Fourier Transform infra-red spectrum of a 1:1 kneaded
complex of salbutamol base and randomly methylated--

cyclodextrin obtained from Example 1;

PCT/GB97/02947
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Figure 3 shows a Differential Scanning Calorimetry thermogram of
salbutamol base with a onset melting temperature of 157°C and

a sharp endothermic melting peak at 159°C;

Figure 4 shows a Differential Scanning Calorimetry thermogram of a 1:1
kneaded complex of salbutamol base and randomly methylated-3-

cyclodextrin obtained from Example 1;

Figure 5 shows an X-ray powder diffraction pattern of an 1:1 kneaded
complex of salbutamol base and 2-hydrdxypropyl-B-cyclodextrin

obtained from Example 2;

Figure 6 shows a Fourier Transform infra-red spectrum of a 1:1 kneaded
complex of salbutamol base and 2-hydroxypropyl-B-cyclodextrin

obtained from Example 2; and
Figure 7 shows a Differential Scanning Calorimetry thermogram a 1:1

kneaded complex of salbutamol base and 2-hydroxypropyl-B-

cyclodextrin obtained from Example 2.

DESCRIPTION OF EMBODIMENTS

The crux of the invention is a pharmaceutical composition for oral mucosal
delivery which comprises as an active ingredient an inclusion complex of (a)
a selective B,-adrenergic agonist or a pharmaceutically acceptable salt thereof
and (b) an unsubstituted beta- or gamma-cyclodextrin, together with a

pharmaceutically acceptable carrier for oral mucosal delivery.
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Examples of suitable compounds (a) are salbutamol, metaproterenol,
terbutaline, pirbuterol, formoterol, salmeterol, fenbuterol, orciprenaline,
isoprenaline, hexoprenaline, reproterol, rimiterol, fenoterol, procaterol,
mabuterol, bambuterol, bitolterol, broxaterol, carbuterol, clenbuterol, coterol,
eformoterol, tretoquinol and tulobuterol. The compound may be used in the
form of the free base, or in the form of a pharmaceutically acceptable salt
such as a sulfate, methanesulfonate, hydrochloride, dihydrochloride, or

monoacetate salt.

The second component of the inclusion complex is an unsubstituted or

substituted beta- or gamma-cyclodextrin.

Highly water soluble cyclodextrins such as 2-hydroxypropylated or
methylated or sulphoalkylated derivatives of beta-cyclodextrin are the
preferred cyclodextrins of the invention. Gamma-cyclodextrin or 2-
hydroxypropylated or methylated or sulphoalkylated derivatives of gamma-
cyclodextrin may also be used in the same manner as the corresponding
preferred beta-cyclodextrin derivatives. The degree of substitution of the
cyclodextrin derivatives may vary between 1 to 20 substituents per
cyclodextrin molecule but more preferably between 3 to 15 substituents per
cyclodextrin molecule. When the cyclodextrin is 2-hydroxypropyl-beta-
cyclodextrin, the preferred degree of substitution is between 3,9 and 5,1
hydroxypropyl groups per cyclodextrin molecule. When the cyclodextrin is
randomly methylated-beta-cyclodextrin, the preferred degree of substitution

is between 1,8 and 2 methyl groups per glucose unit.

The inclusion complex may be prepared from aqueous solutions, slurries or
pastes of the drug active and cyclodextrin according to conventional

methods. The molar ratio of drug active to cyclodextrin may vary between

PCT/GB97/02947
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1:1 and 1:10, but more preferably between 1:1 to 1:5 and most preferably
about 1:1. Solutions are prepared by dissolving the cyclodextrin in a
sufficient quantity of purified, deionized water which may be optionally
buffered between pH 7,4 and 8,5. The drug active is added to the solution
with stirring until dissolved. The solution may be dried by spray drying,
freeze drying or by evaporation of the aqueous phase under reduced pressure
and/ or increased temperature. Alternatively, the drug active and cyclodextrin
are mixed in the dry form. The powder mixture is wetted with water,
optionally containing a buffer, pH 7,4 - 8,5, while mixing vigorously until
a paste or slurry is formed. The paste or slurry is mixed for 0,25 to 2 hours
and is then dried in an oven or in vacuo at elevated temperature. The dried
complex obtained may be crushed or milled and sieved to the desired

particle size.

A pharmaceutically acceptable buffer, capable of buffering in the pH range
7,4-8,5 may be used in the formation of the inclusion complex, particularly
when the drug active is present as a salt. Preferred buffers include
tromethamine, triethanolamine, diethanolamine and phosphate buffer. The
concentration of the buffer may vary from 0,1 to 5 molar equivalents relative

to the drug active.

The administration of a selective B,-adrenergic agonist through the mucosal
tissue of the mouth avoids the problems associated with administration of
these drugs by inhalation (i.e. only approximately 10% of the drug entering
the lungs, difficulty with inhalation techniques resulting in therapeutic blood
levels not being attained) and by oral administration (i.e. slower onset of

action and extensive metabolism in the gastrointestinal tract).

Absorption of the drug from the pharmaceutical composition of the invention
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through the oral mucosae is rapid such that the drug reaches the systemic
circulation within minutes, which is highly advantageous for the rapid relief
of bronchoconstriction associated with a reversible obstructive airways
disease such as asthma or the reversible component of chronic obstructive
pulmonary diseases. Further, any unpleasant taste and irritant properties of
the active are reduced by presenting the drug to the oral mucosal membranes

in the form of a cyclodextrin inclusion complex.

The present invention achieves these advantages by molecular encapsulation
of the selective B,-adrenergic agonist in a cyclodextrin molecule, so forming
a molecular inclusion complex which may be used in the solid form for the
preparation of a pharmaceutical composition for oral mucosal delivery, such
as buccal or sublingual tablets, lozenges, adhesive patches, gels, solutions

and sprays.

Administration of a single dose of a sublingual tablet containing 4mg
salbutamol according to the invention resulted in relief of asthma within 2

minutes in two asthmatic patients.

The complex according to the invention may be incorporated into a
shearform matrix designed for immediate release as described in Fuisz
Technologies Ltd patents (Eur. Pat. Appl. EP 95-650038 and PCT Int. Appl.
WO 95/34293).

The pharmaceutical composition of the invention may also contain, in
addition to the pharmaceutically acceptable carrier for oral mucosal delivery,

other optional ingredients as are discussed below.

Penetration enhancers may be used to promote the passage of the drug



WO 98/18827 PCT/GB97/02947

18

active across the mucosal membranes. Typical permeation enhancers include
fatty acids and their salts such as sodium caprate, sodium caprylate and
sodium oleate, and bile salts such as sodium glycodeoxycholate, sodium
glycocholate, sodium cholate and sodium taurodeoxycholate. Other
penetration enhancers may include tensides or non-ionic surfactants such as
polyethylene glycol 660 hydroxystearate or polyoxyethylene lauryl ethers,
fusidates such as sodium taurodihydrofusidate, azone and chitosan.
Combinations of permeation enhancers such as polyoxyethylene 8 lauryl
ether and sodium glycocholate or mixed micelles such as sodium caprate and
sodium glycocholate may also be used. The penetration enhancers may also
be used in combination with beta- or gamma-cyclodextrins or their methyl,
hydroxypropyl or sulphoalkyl derivatives. Typical concentrations of
penetration enhancers are between 0,1 and 5,0%, more preferably between

0,25 to 3% by mass of the inclusion complex.

As stated above, the selective 3,-adrenergic agonist may be used in the form
of the free base or a pharmaceutically acceptable salt. When acidic
penetration enhancing excipients are used such as bile acids or fatty acids,
or pharmaceutically acceptable salts of bile acids, salt formation between the
basic component of the ,-adrenergic agonist and the acidic component of

the bile or fatty acid may occur.

Buffering agents may be incorporated into the pharmaceutical composition
of the invention to control the microenvironmental pH surrounding the drug
delivery system in the alkaline range, so as to maximise the percentage of
the unionized form of the drug, as drugs in the unionized form cross

mucosal membranes more readily than the corresponding ionized form.

The pharmaceutical composition may contain suitable flavouring and
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sweetening agents such as mint, spearmint, aspartame, sucrose, xylitol,

saccharin and the like.

Typical sublingual or buccal tablets may include lubricants such as
magnesium stearate, calcium stearate and sodium stearyl fumarate to
facilitate tablet compression. Diluents such as lactose, microcrystalline
cellulose, maize starch and the like may be used. In order to prevent
movement of the dosage form from the site of administration, mucoadhesive
agents such as chitosan, carbopol 934P, and hydroxypropy! cellulose and the

like may be used in conventional concentrations.

Typical disintegrants to enhance sublingual or buccal tablet disintegration
include sodium carboxymethylcellulose, sodium starch glycolate,

polyplasdone XL, and dried starch.

Another aspect of the invention is the specific inclusion complex of
salbutamol base and methyl-beta-cyclodextrin having substantially the X-ray
powder diffraction pattern of Figure 1 or the Fourier Transform Infra-red

spectrum of Figure 2 of the accompanying drawings.

A further aspect of the invention is the specific inclusion complex of
salbutamol base and 2-hydroxypropyl-8-cyclodextrin having substantially the
X-ray powder diffraction pattern of Figure 5 or the Fourier Transform Infra-

red spectrum of Figure 6 of the accompanying drawings.

The following examples illustrate the present invention.

Example 1
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Salbutamol base (2,00g) and methyl-beta-cyclodextrin (11,57g) are mixed
together in a mortar. Purified, deionized water (6ml) is added in aliquots
with mixing to form a homogenous paste. The paste is dried in an oven at
40°C and atmospheric pressure. The dried complex 1s crushed with a pestle
and passed through a 250pm mesh sieve. At all processing stages, the
compound is protected from light. The complex contains 14,1% mass/mass

salbutamol base as determined by HPLC.

Example 2

Salbutamol base (2,00g) and 2-hydroxypropyl-beta;cyclodextrin (12,6g) are
mixed together in a mortar. Purified, deionized water (10ml) 1s added in
aliquots with mixing to form a homogenous paste. Continue grinding for 0,5
hours. The paste is dried in an oven at 40°C and 5 millibar. The dried
complex is crushed witﬁ a pestle and passed through a 250um mesh sieve.
At all processing stages, the compound is protected from light. The complex

contains 13,24% mass/mass salbutamol base as determined by HPLC.
Example 3
The unit composition of a sublingual tablet containing the equivalent of 4

mg salbutamol base is as follows:

Salbutamol base/methyl-beta-cyclodextrin

complex (from Example 1) 28,5mg
Xylitol 21,0 mg
Sodium Stearyl Fumarate 0,5 mg

The complex is blended with the xylitol. The lubricant, sodium stearyl
fumarate, is screened in and the mixture is blended and formed into

sublingual tablets by compression at 10 - 30 N.
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Example 4
The unit composition of a sublingual tablet containing the equivalent of 4

mg salbutamol base is as follows:

Salbutamol base/2-hydroxypropyl-8-CD (from Example 2) 30,2 mg

Microcrystalline Cellulose 8,6 mg
Sodium Starch Glycollate 10,0 mg
Chitosan 0,6 mg
Magnesium Stearate 0,6 mg

The complex is blended with the microcrystalline cellulose, sodium starch
glycollate and chitosan. The lubricant, magnesium stearate, is screened in
and the mixture is blended and formed into sublingual tablets by

compression at 10 - 30 N.

Example S
The unit composition of a sublingual tablet containing the equivalent of 4
mg salbutamol base is as follows.

Salbutomol sulphate/2-hydroxypropyl-3-CD 30,8 mg

Tromethamine 25,0 mg
Microcrystalline cellulose 8,2 mg
Sodium starch glycollate 10,0 mg
Xylitol 25,3 mg
Menthol 0,1 mg
Mangnesium stearate 0,6 mg
Example 6

Tulobuterol base (10,0 g) and randomly methylated beta-cyclodextrin

(57,0 g) are mixed together in a mortar. Purified, deionised water (30 mL)
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is added in aliquots with mixing to form a homogeneous paste. Grinding is
continued for a further 1 hour. The paste is dried in an oven at 50°C and
5 millibar. The dried complex is crushed with a pestle and passed through
a 250um mesh sieve. The complex contains 14,93% mass/mass tulobuterol

base as determined by HPLC.
Example 7
The unit composition of a sublingual tablet containing the equivalent of 2

mg tulobuterol base is as follows:

Tulobuterol base/randomly methylated beta-cyclodextrin 13,40 mg

Xylitol 43,10 mg
Anhydrous Lactose 43,00 mg
Sodium stearyl fumarate 0,50 mg

The complex is blended with the xylitol and anhydrous lactose. The
lubricant, sodium stearyl fumarate is screened in and the mixture is blended

and formed into sublingual tablets by compression to 10-30N.

Inclusion complexes of the other ,-adrenergic agonists listed above and any
suitable beta- or gamma-cyclodextrin can be manufactured in the same
manner as exemplified for salbutamol and tulobuterol and can be formulated

in the same manner as exemplified for salbutamol and tulobuterol.

The procedures used to obtain the results shown in Figures 1 to 7 are as
follows:

X-ray powder diffraction patterns were obtained using a Rigaku D Max 3
powder diffractometer with a graphite monochromator and Cu radiation.

Samples were mounted in Al rings, or on glass slides and run from 2° -
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52° 20, with a step size of 0.02°0 and a fixed time of 1s.

Fourier Transform infra-red transmission spectra were obtaining using a
Perkin Elmer Spectrum 2000 spectrometer. Data was collected from
4400 cm™ to 600 cm™ with a resolution of 4 cm™, strong apodization and a
gain of 1. Samples were prepared as powders in KBr matrix and data was

collected from diffuse reflectance cells.

Differential scanning calorimetry thermograms were obtained using Perkin
Eilmer DSC 7 Differential Scanning Calorimeter. Sampling was done in
vented aluminium pans (50u1). The starting temperature was 50°C, final
temperature was 200°C, and the rate of temperature increase was
10°C/minute. The carrier gas was nitrogen. The instrument was calibrated

with an indium standard prior to the sample being analysed.

The treatment or prevention of bronchospasm with selective f3,-adrenergic
agonists via the oral transmucosal route has the following advantages over
currently available treatments:

1 Less complicated treatment modality than inhalation, particularly when
used during an attack and especially significant for pediatric use.

2  Better compliance than inhalers in cases where the presence of
excessive secretions within the airway lumen or thickening of the
airway epithelium (due to oedema, infiltration of the mucosa by
eosinophils and other inflammatory cells, hypertrophy and hyperplasia)
results in reduced access of the inhaled drug to the site of action.

3  Similar time of onset of action when compared with inhalers and
significantly faster than that of orogastric tablets or syrup.

4  Potential for 50% dose reduction relative to tablet or syrup dose due to

avoidance of presystemic hepatic metabolism.
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5 More convenient than inhalers for use in public.
6 More convenient than inhalers for prevention of exercise-induced
brochospasm, where the drug should be administered 15 minutes before

exercise.
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CLAIMS

1 A pharmaceutical composition for oral mucosal delivery comprising as
an active ingredient an inclusion complex of (a) a selective B,-
adrenergic agonist or a pharmaceutically acceptable salt thereof and (b)
an unsubstituted or substituted beta- or gamma-cyclodextrin, and a

pharmaceutically acceptable carrier for oral mucosal delivery.

2 A pharmaceutical composition according to claim 1 wherein the
selective B,-adrenergic agonist is selected from the group consisting of
salbutamol, metaproterenol, terbutaline, pirbuterol, formoterol,
salmeterol, fenbuterol, orciprenaline, isoprenaline, hexoprenaline,
reproterol, rimiterol, fenoterol, procaterol, mabuterol, bambuterol,
bitolterol, broxaterol, carbuterol, clenbuterol, coterol, eformoterol,
tretoquino! and tulobuterol and the pharmaceutically acceptable salts

thereof.

3 A pharmaceutical composition according to claim 1 or claim 2 wherein
r
the selective B,-adrenergic agonist is salbutamol in the form of the free

base or in the form of a pharmaceutically acceptable salt.

4 A pharmaceutical composition according to any one of claims 1 to 3
wherein the cyclodextrin is selected from the group consisting of
unsubstituted beta-cyclodextrin, 2-hydroxypropylated beta-cyclodextrin,
methylated beta-cyclodextrin and sulphoalkylated beta-cyclodextrin.

5 A pharmaceutical composition according to any one of claims 1 to 3
wherein the cyclodextrin is selected from the group consisting of

unsubstituted gamma-cyclodextrin, 2-hydroxypropylated gamma-
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cyclodextrin, methylated gamma-cyclodextrin' and sulphoalkylated

gamma-cyclodextrin.

6 A pharmaceutical composition according to any one of claims 1 to 5
wherein the inclusion complex has a stoichiometry of (a) to (b) of 1:1

to 1:10 mol/mol.

7 A pharmaceutical composition according to claim 6 wherein the
inclusion complex has a stoichiometry of (a) to (b) of 1:1 to 1:5

mol/mol.

8 A pharmaceutical composition according to claim 7 wherein the

inclusion complex has a stoichiometry of (a) to (b) of 1:1 mol/mol.

9 A pharmaceutical composition according to any one of claims 1 to 8
formulated in a form selected from the group consisting of a buccal
tablet, a sublingual tablet, a lozenge, an adhesive patch, a gel, a

solution and a spray.

10 A pharmaceutical composition according to any one of claims 1 to 9

for use in the treatment of a reversible obstructive airways disease.

11 The use of an inclusion complex of (a) a selective 3,-adrenergic agonist
or a pharmaceutically acceptable salt thereof and (b) an unsubstituted
or substituted beta- or gamma-cyclodextrin, in the manufacture of a
pharmaceutical composition for oral mucosal delivery for use in a

method of treatment of a reversible obstructive airways disease.

12 The use according to claim 11 wherein the reversible obstructive
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airways disease is asthma or the reversible component of chronic

obstructive pulmonary diseases.

13 The use according to claim 11 or claim 12 wherein the selective B,-
adrenergic agonist is selected from the group consisting of salbutamol,
metaproterenol, terbutaline, pirbuterol, formoterol, salmeterol,
fenbuterol, orciprenaline, isoprenaline, hexoprenaline, reproterol,
rimiterol, fenoterol, procaterol, mabuterol, bambuterol, bitolterol,
broxaterol, carbuterol, clenbuterol, coterol, eformoterol, tretoquinol and

tulobuterol and the pharmaceutically acceptaBle salts thereof.

14 The use according to claim 13 wherein the selective B,-adrenergic
agonist is salbutamol in the form of the free base or in the form of a

pharmaceutically acceptable salt.

15 The use according to any one of claims 11 to 14 wherein the
cyclodextrin is selected from the group consisting of unsubstituted beta-
cyclodextrin, 2-hydroxypropylated beta-cyclodextrin, methylated beta-
cyclodextrin, and sulphoalkylated beta-cyclodextrin.

16 The use according to any one of claims 1 to 14 wherein the
cyclodextrin is selected from the group consisting of unsubstituted
gamma-cyclodextrin,  2-hydroxypropylated = gamma-cyclodextrin,
methylated gamma-cyclodextrin  and sulphoalkylated gamma-

cyclodextrin.

17 The use according to any one of claims 1 to 16 wherein the inclusion

complex has a stoichiometry of (a) to (b) of 1:1 to 1:10 mol/mol.
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18 The use according to claim 17 wherein the inclusion complex has a

stoichiometry of (a) to (b) of 1:1 to 1:5 mol/mol.

19 The use according to claim 18 wherein the inclusion complex has a

stoichiometry of (a) to (b) of 1:1 mol/mol.

20 The use according to any one of claims 11 to 19 wherein the
pharmaceutical composition is selected from the group consisting of a
buccal tablet, a sublingual tablet, a lozenge, an adhesive patch, a gel,

a solution or a spray.

21 A method of treating a patient suffering from a reversible obstructive
airways disease comprising administering to the oral mucosae of the
patient an inclusion complex of (a) a selective B,-adrenergic agonist or
a pharmaceutically acceptable salt thereof and (b) an unsubstituted or

substituted beta- or gamma-cyclodextrin.

22 A method according to claim 21 wherein the reversible obstructive
airways disease is asthma or the reversible component of chronic

obstructive pulmonary diseases.

23 An inclusion complex of salbutamol base and randomly substituted
methyl-beta-cyclodextrin which has substantially the X-ray powder
diffraction pattern of Figure 1 of the accompanying drawings or the
Fourier Transform Infra-red spectrum of Figure 2 of the accompanying

drawings.

24  An inclusion complex of salbutamol base and 2-hydroxypropyl-beta-

cyclodextrin which has substantially the X-ray powder diffraction
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pattern of Figure 5 of the accompanying drawings or the Fourier
Transform Infra-red spectrum of Figure 6 of the accompanying

drawings.
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