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AGENT (OXYBUTYNIN) FOR THE TREATMENT OF SIALORRHOEA

Field of the Invention

This invention relates to a drug combination and its use in the treatment of
sialorrhoea.

Background of the invention

Patients with severe neurological dysfunction such as motor dehicits {e.g.
cerebral palsy, peripheral neuromuscular disease, tacial paralysis, Parkinson's disease,
severe mental retardation, and other conditions such as stroke and esophageal cancer)
suffer from siatlorrhoea (or drooling), which is the unintentional loss of saliva and cther
oral contents from the mouth. Drooling is often found in individuals with neurclogical
dysfunction. For example, socially significant drooling occurs in approximately 10% of
patienis with cerebral paisy. Persistent drooling beyond the ages of 3 or 4 years is
considered abnormal drooling. Sialorrhoea results from either a hypersecretion of saliva
or an impaired ability to swallow; the latter is a particular preblem in patients with motor
dystunction.

Drooling causes impairment of speech, feeding and swaliowing problems and
aspiration. Controi of drooling is important in preventing choking and gagging In
nersons with posterior drooling. Persons who are motor-impaired can use the many
new glectronic assistance aids to communicate, navigate and provide more integration
and self-sufficiency in everyday life. Unfortunately for those who drool, many of the aids
are controlied through the mouth or facial manipulations. The drooling may cause social
isolation and mnability to use the new devices.

Not only is the drocling annoying and limiting for the person with sialorrhoea,
there are problems for the caregivers. Carers must clean and control the drooling, and
remove the drool from the body, clothes and surrounding equipment of the drooier.
Additionally, carers must be very caretul about exposure 0 bodily fiuids such as drool.

Thus, it is recognized that sialorrhoea requires medgical attention. Current
treatment includes administration of anticholinergic agents such as glycopyrrolate and
scopolamine, botutinum toxin injections and surgery.

Where an anti-staiorrneic effect (reduced saliva secrelion) is required, it is
appropriate neither to completely impair secretion nor {0 prevent saliva production in
response 1o food etc. it may be possibie 10 reduce the amount of saliva produced by
administering an anticholinergic agent, as demonstrated by the positive effects of
glycopyrrolate (tablets) and scopolamine {(dermali paich). Although glycopyrrolate is a
gualemnary ammonium compound with restricted access {0 the CNS, it is not well
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tolerated by around 20-25% of patients. Likewise, scopolamine is reasconably tolerated
for a few days, but many systemic side-effects are encountered. The sallva produced
following administration of glycopyrrolate or scopolamineg is extremely thick and as such
s unpleasant.

Clonidine is an o2-adrencceptor agonist and is primarily used clinically as an
antihypertensive agent. 1t acts within the central nervous system to reduce sympainelc
nervous tone 1o the periphery. Besides lowering biood pressure and heart rate,
clonidine also causes pronounced sedation and dry mouth. Clonidine has been shown
to be effective in reducing sialorrhoea induced by clozapine (Grabowski, 1992, J. Clin,
Psychopharmacol., 12, 689-70; Praharaj et al., 2005, J. Psychopharmacol,, 19, 426-428).
Clonidine (0.15 mg) has been given per 0s 10 17 Parkinson's paiients and found 1o
significantly reduce sialorrhoea. Four of the 17 patients experienced side-efiecis.

Clonidine is one of many imidazole-type compounds that are used clinically 1o
treat conditions such as hypertension, sedation as an adiunct o anaesthesia
{oremedication), muscle spasm {(spasticily), and withdrawal symptoms of opiate and
aicohol abuse. Exampiles of other such compounds are rilmenidine, dexmedstomidine,
tizanidine, moxonidine and lofexiding. All produce their clinical effects by stimulating

o2-adrenoceptors in the brain and cause sedative side-effects and dry mouth.

Sialorrhoea can be a side-effect of the administration of certain dgrugs. For
example, clozapine-induced sialorrhoea has been trealed with some success wiih
solutions of the non-selective musecarinic receptor antagonist ipratropium, & quaternary
derivative of atropine, given either sublingually or intranasally {(O. Freudenreich et ai.,
2004, J. Clin. Psychopharmacol., 24, 98-100; J. Calderon et al., 2000, int. Clin.
Psychopharmaceol., 15, 49-52). Freudenreich et al. (2004) gave ipratropium nasal spray
(0.03-0.06%) sublingually to 8 patients receiving clozapine and wno suftered from
excessive drooling. Afier several weeks of use, a full response was reporied in 2

patients and a partial response (symptoms controlled for 2-8 hours) in 5 patienis, while
1 patient was a non-responder. One drawback with the ipratropium soiution is its bitter

taste. in addition, an ophthalmic soiution of atroping given sudlingually was found 10
reduce clozapine-indiced sialorrhoes (A. Sharma et al, 2004, Ann. Pharmacother., 38,
1538). In a small case study, ophthalmic atropine solution was given sublingually 10
patients with Parkinson’s disease and significant decline in saliva produchion was

recorded. However, 2 of the 7 patients suffered hallucinations (H.C. Hyson etat., 2002,
Miov. Disorders, 17, 1318-1320). Atropine is a non-selective muscarinic antagonist that

exhibits significant central nervous system side-effects. The use of non-selective
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muscarinic antagonists that extensively enter the brain and produce undesirable side-

effects should be avoided, particularly in patients with Parkinson’s disease (PD).

Another class of known drugs is of anti-muscarinic agents. A new generation of

anticholinergic muscarinic antagonists is being developed for indications such as urnnary
incontinence, overaciive bladder, irritable bowel syndrome or COPD. These
compounds include tolterodine, darifenacin, solifenacin, zamifenacin, Ro-3202804
{(PSD-508), oxybutynin, trospium, revatropate and tictropium.

Patients with PD are more prone to confusion and hallucinations, particulariy as
their disease progresses. Also their blood-brain barrier may become more leaky. They
are thus much more prone to worsening confusion and hallucinations when given an
anticholinergic agent. Sleep problems are also exiremely common in PU. aZ agonists
oromote sleep and therefore are undesirable in PD. Furthermore, in the more eiderly
population, cardiovascular problems are much more common, as is, particularly in

males, bladder outflow obstruction. «2 agonists would be undesirable for the former

and anti-muscarinic agents for both.

Summary of the Invention

The present invention is based on the finding that a combination of an anti-
muscarinic agent and an o2-adrenoceptor agonist is useful in the ireatment of
sialorrhoea. The combination can have an improved effect and/or reduced side-effects.
The two agenis may be administered together, in a single composition, or
simultaneously, or seqguentiaily.

Further, if the agonist does not cross the blood-brain barrier or is agministered in

such a way that it does not readily enter the CNS or is given at such concentration ihat

undesired central effects are not seen, it might be expected 0 reduce salivary flow by
stimulating the negative feedback of a2-adrencceptors on cholinergic and sympathetic
nerves supplying the salivary glands, without producing centrally mediated siae-efiecis
such as hypotension and sedation. Therefore, the aZ2-adrenoceptor agonist atleast is

oreferably administered by the paralingual, sublingual or buccai route.

Brief Description of the Drawings
Figures 1 and 2 are each bar charis of saliva secretion foliowing Grug
administration, showing the resulls of experimenis reporied below,

Description of Preferred EMDOUIMENTS

Preferred aZ2-adrenocentor agonists for use in the invention are cionigine,
apracionidine, brimonidine, rilmedinide, dexmedetomidine, tizaniding, monoxiding and
iofexidine. Preferred anti-muscarinic agenis for use in the inventon are oleroding,
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darifenacin, solifenacin, zamifenacin, oxybutynin, trospium, revatropate, tiotropium and
Ro-3202804 (PSD-506).

Each aclive agent may be used, according o the invention, in any appropriale
form, €.g. as a salt, hydrate or prodrug. if a chiral molecule, it may be used as 2
racemate, as a non-racemic mixture or as a subsiantially single enantiomer.

in general, each active agent may be administered in any suitable formuiation,
oy paralingual, sublingual or buccal route. tis preferabiy formuiated as a gum, spray,
pastilie, lozenge or dispersible 1abiel.

The respective active agents may be formulated together in g single dosage

form. Aliernatively, they may be formulated separately and packaged iogether, or ingy
may be administered independently. in certain cases, a patient may be receiving one
drug for the treatment of ancther indication; this invention then comprises adminisiering
the other drug.

Compositions for use in the invention may be formuiated in a manner Known 1o

those skilled in the art so as 1o give a controlled release, for example rapid release or
sustained release, of the compounds of the present invention. Pharmaceutically
acceptable carriers suitable for use in such compositions are well known inthe art. The

compositions of the invention may coniain 0.1-88% by weight of acilve compound. ine
compositions of the invention are generally prepared in unit dosage form. Freferably, a

unit dose comprises the active ingredieni in an amount of 0.001 1o 160 mg. The
excipients used in the preparation of these compositions are the excipients known in the
ar,

Appropriate dosage leveis may be determined by any suitabie method known 1o
one skilled in the art. it will be understoad, however, that the specific dose level ior any

particular patient will depend upon a variety of factors including the actuvity of ihe

specific compound employed, the age, body weight, general healih, sex, diet, ime of

g

administration, route of administration, rate of excrelion, drug combination and the

severity of the condition to be treated. Preferably, the active ageniis adminisiered at a

frequency of 1 1o 4 times per day. A typical daily dosage is 1 10 1000 pg, €.g. 10 10
500 ug.
Compositions for oral administration include known pharmaceutical Torms for

Lanaaal

such administration, for example lozenges, pastilies, dispersible fablets, powders or
granules or as a liquid for spraying into the mouth. Compositions inlended for oral use

may be prepared according to any method known o the art for the manuiaciure of
nharmaceutical compositions, and such compositions may contain one or more agenis
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selected from the group consisting of sweetening agents, flavouring agents, colounng
agents and preserving agents in order to provide pharmaceutically elegant and

nalatable preparations. Tabilets contain the active ingredient in admixture with nNoON-toxic

pharmaceutically acceplable excipients which are suitable for the manufacture of
tableis. These excipients may be, for example, inert diluents, such as calcium

carbonate, sodium carbonate, iactose, calcium phosphate ¢or sodium phosphate;

granulating and disintegraling agents, for exampie corn starch or alginic acid; binding
agents, for exampie starch gelatin, acacia, microcrystaline celiulose or polyvinyl

pyrrolidone; and lubricating agents, for exampie magnesium stearate, stearic acid or

talc. The tabiets may be uncoated or they may be coated by known tecnnigues 1o delay
disintegration and absorpiion in the gasirointesiinal tract and thereby provide a

sustained action over a longer period. For example, a time-gelay material such as

glyceryl monosiearate or glyceryl distearate may be empioyed.

For oral administration, the compaosition may be in any form that will release the
active agent, when held in the mouth, whether for a snort time or for a matier of hours.
It may be malieable and non-disintegrating, and/or chewable or dispersibie. Preferred
examples of such compositions are gums, as well as waters and dispersible taplets
(described above). A flavorant will typically be included. ltis particuiarly desiradle it the
flavorant has mucolvilic properties. An exampie of such a flavorant i1s menthol.
Agueous suspensions contain the active materials in admixture with excipients
suitable for the manufacture of agueous suspensions. Such excipienis are suspending
agents, for example sodium  carboxymethylceliulose,  methyicellulose,
nydroxypropylmethylcellulose, sodium alginate, polyvinyl pyrrolidone, gum tragacanth
and gum acacia; dispersing or wetling agents may be a naturally occurring phosphatide,

for exampie lecithin, or condensation products of an alkylene oxide with fatly acids, for

example poivoxyethyiene stearate, or condensation progucis of ethviene oxige wih
long-chain aliphatic alcohols, for exampie heptadecaethyieneoxycetanoi, or
condensation products of ethyviene oxide with partial esters derived from fatly acigs, {or

example polyoxyethylene sorbitan monooleate. The aguecus suspensions may also

contain one or more preservatives, for exampie ethyi O N-Rrogyl p-nydroxyoenzoaie,
one or more colouring agenis, ¢ne or more flavouring agenis, and one or moere

sweetening agents, such as sucrose or saccharin.
Oily suspensions may be formulated by suspending the active ingredientin a

o n

vegetable oil, for example arachis o¢il, olive oli, sesame o Or coconul Ol

nolyoxyethylene hydrogenated castor oil, fatly acids such as oleic acid, or in a mineras
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oil such as liguid paraffin or in other surfactants or detergenis. The oily suspensions
may contain a thickening agent, for example beeswax, hard paraffin or cety! alcohol.
Sweetening agents, such as those set forth above, and flavouring agenis may be added

to provide a palatable oral preparation. These compositions may be preserved by the
addition of an antioxidant such as ascorbic acid.

Diispersible powders and granules suitable for preparation of an aqueous
suspension by the addition of water provide the active ingredient in admixture with a
dispersing or wetling agenti, suspending agent and one or more preservatives. Suitable

sweetening, flavouring and colouring agents may also be present.

The pharmaceutical compositions of the invention may also be in the form of oii-

in-water emulsions. The cily phase may be a vegetable oil, for exampie ollve Cii Or
arachis oil, or a mineral oil, for exampie liquid paraffin, or mixiures of these. Suitable

emulsifying agents may be naturally occurring gums, for example gum acacia or gum

tragacanth, naturally occurring phosphatides, for exampie soya bean, lecithin, and
esters or partial esters derived from fatty acids and hextiol anhydrides, for exampie
sorbitan monooleate and condensation products of the said partial esters with ethylene
oxide, for example polyoxyethyiene sorbitan moncoleate. The emulsions may aiso
contain sweelening and flavouring agents.

Syrups and elixirs may be formuialed with sweetening agents, for example

alvcerol, propyiene glycol, sorbitol or sucrose. Such formulations may also contain a

demulcent, a preservative and flavouring and colouring agents. The pharmaceutical

compositions may be in the form of a sterile injectable agueocus or oleagenous

suspension. This suspension may be formulated according 1o the known art using
those suitable dispersing or wetting agents and suspending agenis which have been
mentioned above. The sterile injectable preparation may also be in a stenie injectable

solution or suspension in a non-toxic parenterally accepiable diluent or solvent, for

exampie as a solution in 1,3-butanediol. Among the acceptable vehicies and solvenis
that may be employed are watler, Ringer's solution and isoionic sodium chioride
solution. In addition, sterile, fixed gils are conventionally empicyed as a solvent of
suspending medium. For this purpose, any bland fixed oii may be employed including

synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid, find use in
the preparation of injectables.

The or each active agent may be administered iogether wilth a mucolyltic ageni
such as menthol. Menthol or another oil, e.¢. eucalypius ol may be used 1o make the
formulation more palatanle.
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The following study provides evidence of the utility of the present invention.

Study
The study examined the effects of clonidine and oxybuiynin on saliva production

ir 9 healthy male volunteers. This was an gpen-label, non-randomised, two-period,
rnsing dose stugy.

The subjects were assessed on each dosing occasion for saliva production pre-
dose and 1h, 2.5h, 4h and 6h post-dose. Vital signs were recorded at specified times
during each study period and adverse evenis were reporied throughoul.

For each subiect, the maximum % reduction in saliva production compared {0
placebo was calculated for each dose level, Using this information, a mixed effects
regression analysis of the % reduction in saliva versus dose with subject as a random
effect was performed for both clonidine and oxybutynin.  From fhis model, an

approximate EDiy; and an EDsy were caiculated. The doses that gave the best
approximate reduction of 30% {ED»g) in salivary flow was then used as a combination

freatrment. The mean maximum % reduction in saliva production compared to placebo
Was aiso plotted by dose.

~osults

NO severg or serous adverse evenis were reporied. The most commonity
ocourring adverse events were headache and faligue. There were no chinically

significant changes o the bicchemisiry, haematology or urinalysis resulis observed
during the study. There were no clinicaily significant changes 1o the viial signs
(including blood pressure), physical examination or 12 lead £ECGS observed dunng the
study.

The key observalion in this study is based on the Saxon test. See Kohler &
Winter, Arthritis Bheum. (1985) 28:1128-32, and Stevens ef ai, Am. J. Diseasses
Children (1990) 144:570-571. These resulis are represented in =igs. 1 and 2.

The resuits show a trend towards a reducticon in saiiva proguclion over iime,

following administration of oxybutynin and clonidine aione. This effect was maost
pronounced following administration of clonidine and was significant with inCreasing
dose levels. Likewise, there was a reguction in AUCTs fcliowing agministration of 56
mcg and 100 mcg clonidine when compared 10 placebo. There were no significant
effecis of dose on saliva production following aagministration of oxybutynin, but the
AUCT was reduced following administration of 10mg when compared io piacebo. The
ability of oxybutynin ic reduce saliva production wasgs more pronounced ToHowing
administration in combination with clonidine. A reduction in saillva proguction was
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observed when the AUCT following administration of placebo was compared 10 the
AUCT foliowing administration of a combination of (i} 2 mg oxybutynin and 30 mcg
clonidine or (i) 2 mg oxybutynin and 100 mcg clonidine. Likewise, a combination of
oxybutynin and clonidine resuited in a significant reduction in the AUCT when 2 mg

5  oxybutynin was compared 1o a combination of (1) 2 mg oxybutynin and 50 mcg clonidine

and (il) a combination of 2 mg oxybutynin and 100 mcg clonidineg.
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WHAT IS CLAIMED IS:
1. A combination comprising the o2-adrenoreceptor agonist clonidine and the anti-

muscarinic agent oxybutynin, as a preparation for separate, simultaneous or sequential use in the

treatment of sialorrhoea.

2. The combination according to claim 1, wherein the combination is suitable for

administration by the paralingual, sublingual or buccal route.

3. The combination according to claim 1 or claim 2, wherein the combination is formulated

as a gum, spray, pastille, lozenge or dispersible tablet.

“3 The combination according to any one of claims 1 to 3, which additionally comprises a

mucolytic agent.

5. The combination according to claim 4, wherein the mucolytic agent is menthol or

eucalyptus oil.

6. Use of the a2-adrenoreceptor agonist clonidine for the manufacture of a medicament for
the treatment of sialorrhoea, wherein the medicament is suitable for administration by the
paralingual, sublingual or buccal route and wherein a patient to be treated is undergoing

treatment with the anti-muscarinic agent oxybutynin.

7. Use of the anti-muscarinic agent oxybutynin for the manufacture of a medicament for the
treatment of sialorrhoea, wherein a patient to be treated is undergoing treatment with the o2-

adrenoreceptor agonist clonidine suitable for administration by the paralingual, sublingual or

buccal route.

8. The use according to claim 6 or claim 7, wherein the medicament is a gum, spray,

pastille, lozenge or dispersible tablet.

9. T'he use according to any one of claims 6 to 8, wherein the patient to be treated is also

undergoing treatment with a mucolytic agent.

0. The use according to claim 9, wherein the mucolytic agent is menthol or eucalyptus oil.
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11.  The use according to claim 9 or claim 10, wherein the medicament comprises the

mucolytic agent.

12.  Use of the o2-adrenoreceptor agonist clonidine for the treatment of sialorrhoea, wherein
the clonidine 1s suitable for administration by the paralingual, sublingual or buccal route and

wherelin a patient to be treated is undergoing treatment with the anti-muscarinic agent

oXybutynin.

13.  Use of the anti-muscarinic agent oxybutynin for the treatment of sialorrhoea, wherein a
patient to be treated i1s undergoing treatment with the o2-adrenoreceptor agonist clonidine

suitable for administration by the paralingual, sublingual or buccal route.

14. The use according to claim 12 or 13, wherein the patient to be treated is also undergoing

treatment with a mucolytic agent.

5. The use according to claim 14, wherein the mucolytic agent is menthol or eucalyptus oil.
16. A ligmd formulation comprising the combination as defined in claim 1 or 2 and
excipients.

17. The liquid formulation of claim 16, wherein the liquid formulation is in the form of

aqueous suspension, oily suspension, syrup, elixir or emulsion.

18.  The liqud formulation of claim 16, wherein the excipients comprise one or more

sweetening agents.

19. The liquid formulation of claim 18, wherein the one or more sweetening agents comprise

sucrose, saccharin, glycerol, sorbitol, or combinations thereof.

20). The liquid formulation of claim 16, wherein the excipients comprise at least one

flavouring agent.

21.  The liqud formulation of claim 16, wherein the excipients comprise at least one

colouring agent.

10
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22.  The liquid formulation of claim 16, wherein the excipients comprise at least one

preservative or antioxidant agent.

23.  The lLiquid formulation of claim 16, wherein the excipients comprise at least one

demulcent agent.

24.  The liquid formulation of any one of claims 16 to 23, further comprising a mucolytic
agent.

25.  The hquid formulation of claim 24, wherein the mucolytic agent is menthol.

26.  Use of the liquid formulation of any one of claims 16 to 25 for the manufacture of a

medicament for the treatment of sialorrhoea, wherein the medicament 1s suitable for

administration by the paralingual, sublingual or buccal route.

27.  Use of the hquid formulation of any one of claims 16 to 25 for the treatment of
sialorrhoea, wherein the liquid formulation is suitable for administration by the paralingual,

sublingual or buccal route.
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