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DOSAGE FORM TIME-LAGGED OF DRUGS FOR THE THERAPY OF INSOMNIA

The present invention is concerned with methods and compositions for
treating 1nsomnia in human subjects.

Many pathologies or conditions are related to abnormalities within diurnal
rhythms. Insomnia is such a condition. However, whereas insomnia 1s a very
prevalent condition it is generally considered among physicians that many people are
amenable to pharmacologic intervention to help ameliorate their problems.

When assessing the symptoms of insomnia, pphysicians have found that they
fall generally within the categories of 1) latency to sl eep, 11) duration of sleep, 111)
disturbed patterns of sleep, i.e. frequent nocturnal wakening events, and 1v) residual
hangover effects upon awakening such as drowsiness and impairment of cognitive
and motor functions.

Early treatments for insomnia commonly em ployed central nervous system

(CNS) depressants such as barbiturates. These compounds typically have long half

lives and have a well-known spectrum of side effects, including lethargy, contusion,
depression and next day hangover effects. In addition, chronic use has been associated
with a high potential for addiction involving both phaysical and psychological
dependence.

Treatments moved away from barbiturates axad other CNS depressants toward
the benzodiazepine class of sedative-hypnotic agents. This class of compounds
produces a calming effect that results in a sleep-like state in humans and animals, with
a greater safety margin than prior hypnotics. Howev er, many benzodiazepines possess
side effects that limit their usefulness in certain patient populations. These problems
include synergy with other CNS depressants (especially alcohol), the development of
tolerance upon repeat dosing, rebound insomnia following discontinuation of dosing,
hangover effects the next day and impairment of psyychomotor performance and
memory.

More recent treatments for insomnia have us ed non-benzodiazepine
compounds. Ambien (zolpidem), Sonata (zaleplon) are examples of approved drug
products. Zaleplon, also known as N-{3-(3-cyanopyxazole[1,5-a] pyrimidin-7-
yl)phenyl]-N-ethylacetamide, is a pyrazolopyrimidixrie hypnotic that binds selectively
to the benzodiazepine type I site on the GABA-A (y—-aminobutyric acid, type A)

CONFIRMATION COPY
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receptor complex. Other non-benzodiazepine compounds useful in the treatment of
insomnia are known in the literature and can be employed in the present mmvention.

What is clear, however, is that there is still hesitance on the part of patiemts
and physicians with regard to the use of sedatives and other CNS active agents 1n a
chronic setting. Despite huge improvements in available drug substances,
pharmacological intervention cannot rely solely on the properties inherent to these
drug substances alone. The way in which such drug substances are formulated wwill
largely influence their efficacy, side-effect profiles, and ultimately the acceptance by
both patients and physicians alike. Given the huge growth potential of the insonnnia
market, in addition to the current therapies and the search for improved drug
substances, not surprisingl yy many companies are turning their attention to the
development of improved therapeutics for existing drug substances.

Certain sedatives are commonly available or are in development in the form of
immediate release dosage forms. As is well known in the art, immediate release
dosage forms provide a buxst of drug substance shortly after ingestion, to induce rapid
onset of sleep. Whereas such dosage forms address the latency to sleep problem,
unless the drug substance has a long half life, in order to maintain effective blood
plasma concentration level s over an extended period of time, patients experiencing
short sleep duration or frequent nocturnal awakening events will need to take ftarther
dosage forms during the ni ght to maintain sleep.

Modified release dosage forms produce an initial burst of drug substance to
induce rapid onset of sleep, and continue to release drug substance in a controlled
manner to maintain effective plasma concentrations over an extended period of time
to improve sleep maintenance. A potential disadvantage of this approach is the time to
clearance of the active substance from a patient’s system. Drug substance still present
at effective levels can cause hangover effects upon wakening.

A particular modified release dosage form is described in US patent
6,485,746. In this patent thiere is described a formulation of a sedative-hypnotic
compound that provides a pulsatile release profile in vivo whereby upon
administration the drug substance is released rapidly to provide a maximum plasma
concentration within 0.1 to 2 hours following administration. Thereafter, plasm.a
concentration passes through a minimum at about 2 to 4 hours post administration,
before a second pulse delivers a second maximum plasma concentration at abotat 3 to

5 hours. Finally, after 8 hours there remains a plasma concentration that represents no
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more than 20% of the plasma comncentration of the second maximum.

Existing formulations and those in development are only concerned with
improving the quality of sleep anad the prevention of hangover etfects. None, as fax as
applicant is aware, address the problems that sedatives can create to a patient’s pre-
sleep routine. The rapid onset of drowsiness, and the concomitant disruption of pre-
sleep activities such as reading and watching TV, may result in increased hesitanc e of
physicians to prescribe a drug, and poorer patient compliance.

Sedation affecting pre-sleep routines is an unpleasant aspect of insomnia
medications, made more so whem one considers that a high proportion of insomnia
sufferers do not complain of problems falling asleep, but are only afflicted by shoxt
sleep duration and frequent nocturnal awakening events. Furthermore, there is
evidence suggesting a significant placebo effect associated with therapies intended to
initiate a rapid onset of sleep.

Despite the increased activity in the development of therapeutics in this area,
there remains a need to offer patients a dosage form that can be taken before bedtime
that not only provides extended sleep duration and reduces or eliminates nocturnal

awakening events, but which leaves patients free to go about pre-sieep activities un-
sedated.

Accordingly, the invention provides in a first aspect a method of treating
insomnia in a patient in need thereof, comprising administering a dosage form
containing a drug substance useful in treating insomnia, the dosage form being
adapted to release said drug substance after a lag time during which no, or
substantially no, drug substance is released, the lag time being about at least one hhour
after administration of the dosage form.

In contrast to certain dosage forms described 1n the prior art, the dosage foxm
used in the method of the present invention 1s adapted to release the active drug
substance in a time-dependent maanner, 1.e. after a pre-determined lag time. No
extrinsic changes in the environiment, such as a change in pH or temperature, are
required in order to prompt release of the drug substance from the dosage form af€er
said pre-determined lag time.

More particularly, the lag time may be from 1 to 4 hours, still more

particularly from 1 to 2 or from 2 to 3 hours.
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The pH of the gastric tract can differ markedly depending on whether a pati ent
is in a fed or fasted state. Accordingly, to achieve a reliable pre-determined lag time,
the release of said drug substance from the dosage form is preferably pH-independent.

In a preferred composition, during the pendency of lag time any drug
substance that is released is in such small amounts that effective blood plasma levels
of the drug substance are not reached. Preferably, drug substance release is less than
10% by weight, more particularly less than 5%, still more particularly less than 2%,
still more particularly less than 1%.

Following the expiry of the lag time, the drug substance is released from the
dosage form. The drug substance may for example be released rapidly (immediate
release) or may be released slowly over a period of time (modified release).
Preferably the drug substance may be released in a non-pulsatile manner. Thus, the
drug substance may be released from the dosage form at a steady or contmuous rate.

Lag time can be measured in vifro using dissolution methods and apparatus
generally known in the art. The United States Pharmacopoeia describes several such
methods.

In a particular embodiment of the present invention, there 1s provided a
method of treating insomnia in a patient in need thereof comprising administering a
dosage form containing a drug substance useful in treating insomnia, the dosage iorm
being adapted to release said drug substance after a lag time during which no, or
substantially no, drug substamnce is released, the lag time being about at least one hour
after administration of the dosage form, which dosage form is adapted to obtain a
controlled release of said drag substance in vitro when measured by the USP Padd le
Method (type II apparatus) at 100 rpm, in 1000ml of an aqueous medium such that
during said lag time, not moxe than 10% of drug substance is released.

In another particular embodiment of the present invention, there is provided a
method of treating insomnia in a patient in need thereof comprising administering a
dosage form containing a drug substance useful in treating insomnia, the dosage form
being adapted to release said drug substance after a lag time during which no, or
substantially no, drug substance is released, the lag time being about at least one h our
after administration of the dosage form, which dosage form is adapted to obtain a
controlled release of said drug substance in vitro when measured by the USP Paddle
Method (type II apparatus) at 100 rpm at 37°C in 1000 ml of (a) 0.1M HCl and
phosphate buffer (pH 6.8) or (b) 0.02% sodium lauryl sulphate in 500ml distilled
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water or (c) puritied water, such that during said lag time not more than 10% of drug
substance 1s released.

More particularly, in a method according to the present invention a dosage
form 1s adapted to obtain a controlled release of said drug substance in vitro when
measured by the USP Paddle Method (type II apparatus) at 100 rpm, in 1000ml of an
aqueous medium such that during said lag time not more than 10% of drug substance
is released, at least about 25 to 60% is released within 5 hours, and at least about 80%
1s released after 7 hours.

Still more particularly in a method according to the present inveration a dosage
form is adapted to obtain a controlled release of said drug substance in v-itro when
measured by the USP Paddle Method (type II apparatus) at 100 rpm at 3 7°C in 1000
ml of (a) 0.1M HCI and phosphate buffer (pH 6.8) or (b) 0.02% sodium lauryl
sulphate in 500mnl distilled water or (c) purified water, in an aqueous medium such
that during said 1ag time not more than 10% of drug substance is released, at least
about 25 to 60% is released within 5 hours, and at least about 80% is released after 7
hours.

The invemntion further provides a dosage form useful in the above methods.
Preferably, the dosage form is provided as a unit (single-component) dose.

Looked at from the perspective of both commercial and development products
for the treatment of insomnia that work by delivering an immediate pulse of drug
substance to comabat latency to sleep problems, the present invention whereby the
method of adminaistration involves a lag time is counter-intuitive, and has certain
advantages that are not shared with existing therapies. In this regard, we have already
mentioned the benefits to a patient that is free to go about its pre-sleep activities
without feeling s edated.

Although. the dosage form in accordance with the invention delivers the drug
substance after a lag time, given the significant placebo effect referred to above it may
be usetul for treating or addressing sleep latency as well as wakening events.

Other advantages become apparent having regard to the biological processes
associated with the sleep. The so-called “homeostatic process” is believed to be a
primary driving force in creating in patients the need for sleep. For an individual
having a bed time of around 11 p.m., this drive weakens in the early morming hours,
€.g. around 3 a.m., and 1s further exacerbated by a circadian alert pulse around 5a.m.

that is believed to be an additional driver to wakefulness for patients. A lag time
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before drug release can ensure that peak plasma concentrations are reached several
hours into the sleep cycle when nocturnal awakening events are likely to occur. By
coinciding drug release and therefore maximum plasma concentrations with these
processes occurring in the early moming hours, it may be possible to use lower doses
of drug substances than would otherwise be needed using conventional sustained
release dosage forms that must contain a significant amount of drug sub stance to
provide the initial drug burst to arrest sleep latency problems.

Still further, many drug substances are metabolized by cytochrorme CYP450
isoform 3A4, and this enzyme is present in relatively high concentratioras in higher
regions of the gastro-intestinal (GI) tract. A dosage form exhibiting a lag time may
pass further down the GI tract before delivering drug substance in a region of lower
CYP P450 activity, thereby potentially increasing the efficacy of the rel eased drug
substance. The front-line sedative hypnotic — zaleplon — is such a drug substance that
is metabolized by CYP P450.

A dosage form in accordance with the present invention can deliver a drug
substance such that a peak plasma concentration occurs around 3 a.m. in the morning
(that is, around 4-5 hours after administration). Furthermore, using comanonly
available sustained release excipients (as will be further described herein below), drug
substance plasma concentrations can be maintained at effective levels thirough 3 a.m.
to coincide with the weakening homeostatic process and through 5 a.m. to coincide
with a circadian alert pulse mentioned above.

Certain dosage forms described in the art are intended to achieve an extended
sleep period of 8 hours. However, it is not always advantageous to deliver such an
extended sleep pattern. Whereas, this might be a perfectly reasonable sleep pattern for
people having less busy schedules, there are many individuals, e.g. trav elers that need
only to sleep for a short number of hours, e.g. 5 to 6 hours, before having to waken
refreshed and alert. For such patients, it may not be considered advanta geous to
suppress the circadian alert pulse. The dosage forms useful in the method of the
present invention are able to release a drug substance after a lag time irx order to
provide effective plasma concentrations of drug substance in order to coincide with
the weakening homeostatic drive, and then permit the plasma levels to decay in a
controllable manmner to ensure a plasma levels are below effective levels between
about 6 to 8 hours after administration, thereby avoiding or reducing the so-called

“hangover effect”.
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T he ability to avoid hangover effects, even after a relatively shiort sleep
duration_ e.g. of the order of 5 to 6 hours, may be more easily achieved by employing
sedatives with short half lives. In general, a short-acting sedative 1s a compound that
has a detectable sedative effect in any standard assay, with a mean plasma half-life of
the compound of less than 2 hours. Of particular note in this regard 1s zaleplon, which
has a half life of 1 hour; eszopiclone, zolpidem, indiplon, gaboxedol and ramelteon.

T he use of a short acting sedative in combination with the targ eted dosing
afforded. by the dosage forms described herein, provides patients with the possibility
of having relatively short sleep intervals and still wake up without experiencing
hangover effects, or reduced hangover effects, and such a use forms a particularly
preferred aspect of the present invention.

IDrug substances for use in the present invention may be any of those
substances known to be useful for treating insomnia.

In particular, as useful classes of drug substances one can mention
benzodiazepine receptor agonists; antihistamines; GABA A receptor agonists;
imidazopyridines; Ureides; tertiary acetylinic alcohols; piperidine deravatives; GABA
receptor agonists; and melatonin 1 receptor agonists.

Particular drug substances that are useful in the present invention are
Brotizolam, Lormetazepam, Loprazolam, Flunitrazepam, Nitrazepam, Estazolam,
Flurazepam, Loprazolam, Lormetazepam, Midazolam, Nitrazepam, N ordazepam,
Quazepam, Temazepam, Triazolam, Doxylamine, Diphenhydramine, Promethazine,
Niaprazine, Clomethiazole, Paraldehyde, Chloral Hydrate, Triclotos, Zaleplon,
Zolpiderm, Acetylcarbromal, Ethchlorvynol, Niaprazine, Tiagabine, G lutethimide,
Zopiclonie, Eszopiclone, Ramelteon, Agomelatine, Indiplon, Eplivanserin, Lirequinil
and Gaboxadol. Other substances known in the art by their internal code names are,
Anph 101, Th 9507, Ly 156735, Org 4420, Ngd 963 and EMR 62218.

"The amount of drug asubstance that may be employed will depend upon the
type of drug substance, the type and severity of the condition to be treated, and the
patient’s medical history, age and weight. However, generally speaking drug
substances may be administered in amounts to achieve a dose of from. about 5 to
S0mg per day, more particularly 10 to 50 mg per day.

In the case of zaleplon, a unit dosage form for use in the method according to
the invemtion may contain from 5 mg to 50 mg of drug substance, moxe particularly 5

mg t0 25 mg of drug substance.



CA 02585910 2007-04-27
WO 2006/045618 PCT/EP2005/011568

Dosage forms for the administration of a drug substance to improve sleep
patterns in patients suffering with insomnia may take a variety of form s that are
capable of presenting the drug substance in bioavailable form m etfective amounts.

Dosage forms useful in the present invention contain one or more drug
substances and a release controlling agent.

The release controlling agent may be in a matrix 1n which the drug substance
is dissolved or dispersed. Alternatively, the release controlling agent naay be in a layer
or coating surrounding a drug substance-containing matrix. When the xelease
controlling agent is in the layer or coating, the matrix may also contaira a release
controlling agent, or it may be adapted for immediate release of the drug substance.

By selecting appropriate matrix and/or coating materials one 1is able not only
to accurately control the lag time, one is also to ensure that all, or substantially all, of
the drug substance upon expiry of the lag time is released at a desired rate to achieve
extend sleep patterns and eliminate or reduce nocturnal awakening events.

When selecting coating materials, it is preferred not to employ matenals that
are swellable or gellable. Typical of such materials are cellulose ethers or cellulosic
derivatives such as hydroxyalkyl celluloses, e.g. hydroxypropylmethyl cellulose, or
carboxyalkyl celluloses and the like. Such materials tend to form gels which exert a
release-controlling effect by forming an erodible barrier through which drug
substance may diffuse. Such materials tend to give unreliable lag times and should be
avoided in ammounts that exert a release-controlling effect. Their releas e-controlling
properties are usually evident when they are employed in amounts of about 10% or
greater. Preferably therefore, if any of the aforementioned materials are employed as
coating materials they should only be used in small amounts, e.g. less than 10%, more
particularly Less than 5%, still more particularly less than 1%.

The release controlling agent may comprise water-insoluble or poorly water
soluble hydrophobic materials, such as waxy and insoluble excipients, that act by
permitting ingress of aqueous physiological media through faults and channels in the
bulk materials.

Release controlling agents may include hydrophilic and/or hydrophobic
materials, such as gums, natural and synthetic waxes such as beeswax , glycowax,
castor wax and carnauba wax, shellac, and mineral and vegetable oils such as

hydrogenated castor oil, hydrogenated vegetable oil, polyalkylene glycols, long chain
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(e.g. 8 to 50 carbon atoms) substituted or unsubstituted hydrocarbon such as fatty
acids and fatty alcohols, or glyceryl esters of fatty acids.

Release controlling agents may be present in the dosage formn 1 amounts
depending on the desired release profile. Such agents may be present in amounts of 1
to 99% by weight of the dosage form.

In addition to the above ingredients, a dosage form may also contain other
excipients comxnonly employed in oral dosage forms such as diluents, lubricants,
binders such as alkyl celluloses such as ethyl cellulose, granulating aids, colorants,
flavorants and glidants. Examples of such ingredients mclude microcrystalline
cellulose or calcium phosphate dibasic, calcium phosphate dihydrate, calcium sulfate
dihydrate, cellulose derivatives, dextrose, lactose, anhydrous lactose, spray-dried
lactose, lactose monohydrate, mannitol, starches, sorbitol and sucrose.

These excipients may be present in varying amounts consistent with oblaining
a suitable oral dosage form. Excipients may be present in amounts of 1 to 99% by
weight.

When a dosage form is intended to provide an immediate buxst of drug
substance after the lag time, the matrix may contain excipients comrnonly used in

immediate release dosage forms.

A matrix adapted for an immediate burst of drug substance tapon expiry of the
lag time may comprise a surface-active agent such as sodium lauryl sulfate, sodium
monoglycerate, sorbitan monooleate, polyoxyethylene sorbitan monooleate, glyceryl
monostearate, glyceryl monooleate, glyceryl monobutyrate, any one of the Pluronic™

line of surface-active polymers, or any other suitable material with surface active

properties or anly combination of the above.
Surface active materials may be present in the dosage form 1n amounts of 0.5
to 10% by weight.

Other ingredients commonly employed in immediate releases formulations
include, but are not limited to, microcrystalline cellulose (such as A vicel), corn starch,

pregelatinized starch (such as Starch 1500 or National 1551), potato starch, sodium
carboxymethylated starch, sodium carboxymethylated cellulose,
hydroxypropylmethyl cellulose, hydroxypropylcellulose, hydroxyethylcellulose, and
ethylcellulose. In addition, binder materials such as gums (e.g., guax gum) natural
binders and derivatives such as alginates, chitosan, gelatin and gelatin dernvatives, are

also useful. Symthetic polymers such as polyvinylpyrrolidone (PVP), acrylic acid
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derivatives (Eudragit™, Carbopol™, etc.) and polyethylene glycol (PEG) are also useful

as binders and matrix formers. It may also be desirable to incorporate a disintegrant

into an 1mmediate release matrix in order to facilitate dissolution of the drug

substance. For this purpose, any suitable tablet disintegramt can be utilized here, such

as cross-tinked sodium carboxymethylcellulose (Ac-Di-Sol™), cross-linked sodium
carboxymethyl starch (Explotab™, Primojel™), cross-linked PVP (Plasdone™ XL) or any
other material possessing tablet disintegrant properties.

These ingredients may be present in the dosage form in amounts of 1 to 99%
by weaght.

As will be immediately apparent to the skilled person, a wide variety of
release profiles can be obtained having regard to the nature and composition of the
core matnx. In a particularly embodiment, the core may be of a multi-layered
configuration, having both a release controlling layer and a layer for immediate
release. In such an embodiment, it is preferred if the layers are rendered distinct each
trom the other. This may be achieved by one layer containing a colourant or a
material that 1s opaque to x-rays, and the other not. The reason for this will become
apparent from the description continued below.

Dosage forms described above may be over-coated with a pharmaceutically
acceptable film-coating, for aesthetic purposes (e.g. including a colourant), for
stability purposes (e.g., coated with a moisture barrier), for taste-masking purposes, or

- for the purpose of protecting unstable drug substances from aggressive media, e.g.
enteric-coatings.

Dosage forms described above may be prepared according to any of the
techniques known in the art. Matrices may be formed by xmixing release controlling
agent, drug substance and any suitable tabletting excipients, including any of those
materials referred to above, and coated using techniques in the art.

For example, coatings may be formed by compres sion using any of the known
press coaters. Alternatively, dosage forms may be prepared by granulation and
agglomeration techniques, or built up using spray drying techniques, followed by
drying.

Coating thickness can be controlled precisely by employing any of the
aforementioned techniques. The skilled person can select the coating thickness as a
means to obtain a desired lag time, and/or the desired rate at which drug substance is

released after the lag time.
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For reasons of patient compliance, preferably thhe dosage form should be as
small as possible and the coating should have the minixnum thickness possible
consistent with achieving the desired lag time. By the judicious selection of the
coating materials, one is able to produce a coating that 1s relative recalcitrant to the
ingress of moisture and so long lag times can be achieved with relatively thin
coatings.

Dosage forms may take any suitable form, including capsules, tablets and
pellets. Such dosage forms may be intended for adminastration by any known means,
including oral, buccal and sublingual. Preferably, the dosage torm is adapted for oral
delivery intended for ingestion.

A particularly preferred dosage form is provided in the form of a press-coated
tablet. The tablet comprises a core containing a drug substance, and a coating
surrounding said core, the core being applied by press—coating coating material around
a preformed core. The coating may contain any of the release-controlling agents
mentioned above.

The coating comprises one or more watexr insoluble or poorly soluble
hydrophobic excipients. Preferably these excipients are selected from fatty acids or
their esters or salts; long chain fatty alcohols; polyoxyethylene alkyl ethers;
polyoxyethylene stearates; sugar esters; lauroyl imacro gol-32 glyceryl, stearoyl
macrogol-32 glyceryl, and the like.

Other excipients that provide a hydrophobic quality to coatings may be
selected from any waxy substance known for use as tablet excipients. Preferably they
have a HLB value of less than 5, and more preferably about 2. Suitable hydrophobic
agents include waxy substances such as carnauba wax, paraffin, microcrystalline wax,
beeswax, cetyl ester wax and the like; or non-fatty hydrophobic substances such as
calciurn phosphate salts, e.g. dibasic calcium phosphate.

Coatings comprising the aforementioned materials provide for a lag time by
acting as a barrier to the ingress of a physiological medium. Once the medium crosses
the coating and enters the matrix causing the matrix to expand, for example by
swelling, gelling or effervescing, the coating is brokem open exposing the core matrix,
thereby permitting release of drug substance from the matrix. In this way, the coating
exerts no, or substantially no, influence over the release rate after expiry of the lag

time.
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Preferably coating ingredients are calcium phosphate salts, glyceryl behenate, and
polyvinyl pyrollidone, or mixtures thereof, and one or more adjuvants, diluents, lubricants or

fillers.

Preferred components in the coating are as follows, with generally suitable percentage
amounts expressed as percentage weight of the coating.

Polyvinyl pyrollidone (Povidone) is preferably present in amounts of about 1 to 25% by
weight ot the coating, more particularly 4 to 12%, ¢.g. 6 to 8%.

Glyceryl behenate is an ester of glycerol and behenic acid (a C22 fatty acid). Glyceryl
behenate may be present as its mono-, di-, or tri-ester form, or a mixture thereof. Preferably 1t
has an HLB value of less than 5, more preferably approximately 2. It may be present in
amounts of about 5 to 85% by weight of the coating, more particularly from 10 fo 70% by
weight, and in certain preferred embodiments from 30 to 50%.

Calcium phosphate salt may be the dibasic calcium phosphate dihydrate and may be

present in an amount of about 10 to 90% by weight of the coating, preferably 20 to 80%, e.g.
40 to 75%.

The coating may contain other excipients commonly used in forming solid oral dosage
forms, such as are described above.

As already stated above, the coating thickness surrounding the core will influence the lag
time, and can also affect the rate of drug release thereafter depending on the nature of the
coating materials selected. The applicant has found that press-coating provides a particularly
etfective means of controlling coating thickness, and therefore controlling the lag time.

Press-coating 1s particularly advantageous as one can control coat weight, diameter of die
and size of core to achieve a precisely defined minimum coating thickness at points on the
dosage form. Ingress of a physiological medium across the coating at these points will
determine the time period for the medium to reach the core and hydrate it, and the lag time is
conirolled in this manner.

Brief Description of the Drawings
Figure 1 shows a 2-dimensional representation of a dosage form:;.

Figure 2 shows the release profiles of tablets formed according to the formulation and
methodology of Examples 1 and 2; and

40289775.1
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Figure 3 illustrates the release of Zaleplon from the formulations of Exampiles 3 to 5.

With reference to Figure 1 below, the thickness of the coating along and about the axis of
the direction of movement of a press-coater punch (the "(A-B)" axis) i1s determined by the
amount of coating material added to the die and the compaction force applied to form of a
dosage form. On the other hand, the thickness of the coating along and about the "(X-Y)"
axis is determined by the size of the core, its position within the die and the diameter of the
die in the press-coater. It will be apparent to the skilled

40289775.1
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skilled person that even though figure 1 only shows a 2-dimensional representation of
a dosage form, there is a plurality of axes (X-Y) orthogonal to the “A-B” axis, which
extend radially from the centre of the dosage form to its circumference, and when the
reference is made to the thickness of the coating about an axis X-Y, reference 1s being
made the thickness about any or all of these axes.

Given that one can manipulate the thickness of the coating around or about the
axis (A-B) to ensure it is thicker than the coating about the axis (X-Y), ingress of
moisture at X-Y will influence the lag time. Accordingly, the formulator has some
latitude in selecting the thickness of the coating along A-B. It should not be so thick
as to render the dosage form too large and therefore difficult to swallow, yet on the
other hand it should not be so thin that the coating is render weak and liable to crack
under the slightest mechanical stress.

In a preferred embodiment, a dosage forrm comprises a press-coated tablet
comprising a core and a coating surrounding the core, the coating having thickness
about the axis X-Y such that upon immersion in ann aqueous medium as herein above
described there will be less than 10% release of dnag substance, more particularly less
than 5%, still more particularly less than 2%, most particularly less than 1% during a
lag time as defined herein above.

The thickness of the coating about the axis X-Y may be about 2 to 2.6mm.

The dosage form is formed by compression coating methods as will be
described in more detail herein below. Compression coated dosage forms are
generally formed by placing a portion of a powdered coating material in a die and
tamping the powder into a compact form using a punch. A core is then deposited onto
the compacted coating material before the remainder of the coating material is
introduced into the die and compression forces are applied to form the coated dosage
form. To ensure that the core is placed on the tamped coating material and to ensure
its correct geometry relative to the coating in the final tablet form, it 1s preferable to
employ means for positioning the core in relatiom to the coating material in a die.
Typically such means may be provided by a pin punch. A pin punch is a punch that
has a convex surface that contacts the coating material to leave a small depression or
hollow in the tamped coating material. Thus, whemn the core 1s placed into the die on

the tamped material, it sits in the depression or hollow and its correct geometry is

assured 1n the final tablet form.
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As a result of this process, different areas o f the formed tablet may experience
different compaction forces, and therefore the coating may vary in density or porosity
at different points. For example, the top portion of the coating along axis A-B (in the
direction of the movement of the punch) is generally more compact compared with
the bottom portion along the same axis. In an embodiment wherein the tablet core 1s
multilayered, it is important to ensure that the cores are always the right way up along
the A-B axis. A suitable detection device arranged in cooperation with a press coater
can read whether the cores are in the correct position entering the press coater die, and
reject those that are not. Thus, providing a means o f in-process control.

Using a colourant such as ferric oxide or excipients opaque to x-rays 1n a core
containing only a single layer can also be advantageous to ensure that a core 1S
correctly positioned with a coating. As an additional in-process control 1s achieved by
means of a light or radiation detector suitably positioned in relation to the press-coater
to inspect finished tablets to ensure that for a given dosage form, its core is correctly
positioned within 1ts coating.

During the compression of the coating around the core, the coating material
above and below the core (the material along and about the (A-B) axis) 1s relatively
highly compacted and dense. On the other hand, the coating material disposed along
and about the (X-Y) axis is subjected to lower conapaction forces and 1s relatively less
dense. Accordingly, the material about the (X-Y) axis is relatively porous and
permissive towards the ingress of aqueous media. Because of the slightly less dense
nature of the coating material along this axis, and because the formulator has the
latitude to influence the coating thickness, the rate of ingress of the aqueous medium
through the coating along the direction of the X-Y axis can be closely controlled.
Once an aqueous medium contacts the core, the core may react by swelling and/or
gelling or effervescing thereby to break open the core generally along the direction of
ingress of the aqueous media (i.e. the X-Y axis) to form to essentially two
hemispheres of coating material that may remain conjoined. In this opened form, the
dosage form may have the appearance of an opened shell. The reaction of the core
material to the presence of the aqueous medium is likewise in part responsible for

controlling the release of drug substance from the core.

The hardness of the dosage form is preferably at least 60 Newtons, e.g. 60 to
80 Newtons, and more particularly 60 to 75 Newtons. Hardness may be measured

according to a process described in The European Pharmacopoeia 4, 2.9.8 at page
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201. The test employs apparatus consisting of 2 opposing jaws, one of which moves
towards the other. The flat surfaces of the jaws are perpendicular to the direction of
movement. The crushing surfaces of the jaws are flat and larger than the zone of
contact with the dosage form. The apparatus is calibrated using a system with a
precision of one Newton. The dosage form is placed between the jaws. For each
measurement, the dosage form is oriented in the same way with respect to the
direction of the applied force. Measurements are carried out on 10 tablets. Results are
expressed in terms of the mean, minimum and naaximum values (in Newtons) of the
force needed to crush the dosage form.

Dosage forms having a hardness within this range are mechanically robust to
withstand forces generated in the stomach, particularly in the presence of food.
Furthermore, the dosage forms are sufficiently porous about the (X-Y) plane of the
tablet to permit ingress of physiological media to the core at an appropriate rate to
ensure lag times referred to herein above.

The invention provides in another aspect, a method of forming press-coated
dosage forms as herein above described. They maay be formed on conventional press
coating equipment. Typically such equipment is composed of a series of die are
arranged on a rotating platform. The die are removably mounted in the platform such
that differently sized die may be employed as appropriate. Each die is hollow to
receive a lower punch. The punch is positioned within the die such that the upper
surface of the punch and the inner surface of the die define a volume for receiving a
precise amount coating material. Once loaded, the platform is rotated until the die is
positioned under an upper punch. The upper punch is then urged down onto the
coating material under a defined compression force and the coating material 1s pre-
compressed or tamped between the upper and lower punch. A pre-formed core 1s then
fed into die to rest on the tamped coating. Conwventional press coating apparatus may
be equipped with centering devices that enable cores to be positioned both vertically
and radially. This might be achieved by a tamping process, whereby an initial amount
of coating material is placed in a die and is tamped with a shaped punch, such as a pin
punch, that leaves an indentation in the coating material in which to receive a core.
Thereafter, in a second filling operation, a precise amount of coating material 1s fed
into the die to cover the core, and an upper punch compresses the coating material

with a defined compaction force to form press-coated dosage torms.
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The compression force applied during the tamping process is relatively light
and is just sufficient to provide a bed of coating material to receive the core and to
prevent movement of the coating material as a result of centrifugal force. Subsequent
compression to form the dosage form may be adjusted to give a requisite hardness.

Preferably, this compression force is 400 kg, although this may be adjusted by
+/- 30% in order to give tablets of the required hardness.

The amount of coating material fed into the die can be precisely defined
having regard to the density of the coating material to ensure after compression that
the dosage form is formed with the required coating thickness about the (A-B) axis;
and the dimensions of the die is selected to provide the thickness about the X-Y axis.
Should it be necessary to change the thickness of the coating, die of appropriate
internal dimensions may be placed in the rotating platform, and the amount of coating
material fed into the die may be adjusted accordingly.

Suitable rotary tablet machines having high process speeds are known 1n the
art and need no further discussion here.

Cores may likewise be formed using a conventional rotary tablet machine.
Cores are preferably compressed under compression forces sufficient to provide cores
having a hardness of about 60 Newtons at least, e.g. 50 to 70 Newtons. Cores having
hardness in this range give desired release characteristics. If desired, the cores can be
formed at the same time as the press coated tablets are produced. In such case, one
might employ a Manesty Dry Cota. Such a press consists of two side-by-side and
inter-connected presses where the core is made on one press before being
mechanically transferred to the other press for compression coating. Such equipment
and techniques for making dosage forms using such equipment are known in the art
and no more needs to be said about this here.

Cores are preferably formed according to wet granulation techniques generally
known in the art. In a typical procedure, core materials are sieved and blended.
Granulating fluid, typically water is thern added to the blend and the mixture is
homogenized to form a granulate, which is then sprayed dried or dried on a fluid bed
drier to obtain a granulate with requisite residual moisture. Preferably the residual
moisture content is from about 0.4 to 2.0% by weight. The granulate is then sized by
passing it through screens of desired aperture. At this stage, any adjuvants are sized

and added to the granulate to form the core composition suitable for compression. The



CA 02585910 2007-04-27

WO 2006/045618 PCT/EP2005/011568
17

skilled person will appreciate that a coating composition can be formed in an
analogous manner.

The skilled person will also appreciate that granulates may be obtained having
a range of particle sizes. It is preferred that the coating granulate has a fine fraction
that 1s less than 30%. By “fine fraction” is nmaeant granulate having particle size of up

to about 63 microns.

There now follows a series of examples that serve to illustrate the invention.

Example 1

A core containing drug substance is prepared for the press coated system as

follows. The composition of the core 1s detailed 1n Table 1. Lactose monohydrate

(Lactose Pulvis-H,0®, Danone, France and X_actose Fast Flo® NF 316, Foremost Ing.
Group, USA) is a filling agent with interesting technical and functional properties.

Lactose Pulvis-H;O 1is used in a blend prepared by wet granulation and Lactose Fast

Flo is used in a blend prepared for direct compression. Microcrystalline cellulose
(Avicel® pH 101, FMC International, Ireland) is used as an insoluble diluent for direct
compression. Polyvinyl pyrrolidone (Plasdone® K29-32, ISP Technology, USA) is a
granulating agent, soluble in water, which has the ability of binding the powder
particles. Croscarmellose sodium (Ac-Di-S0l1®, FMC Corporation, USA) is used in
the formulation as a super disintegrant. As the external phase, magnesium stearate

(Merck, Switzerland) was added as a lubricant and silicon dioxide (Aerosil® 200,

Degussa AG, Germany) in order to improve flow properties of the granular powder.

Table 1:
| Ingredients Content (mg/tablet)
| Drug Substance A 5.00
Lactose (Lactose Pulvis HO NF 316) 39.10
Polyvinyl pyrrolidone (Plasdone® K29-32) 4.00
| Sodium carboxymethyl cellulose (Ac~-Di-Sol®) | 11.00
Magnesium stearate 0.60
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Ingredients Content (mg/tablet)
Silicon dioxide (Aerosil® 200) 0.30
"Total ) 60.00

The coating material is of a hydrophobic, water insoluble nature. This coating
is composed of dibasic calcium phosphate (Emcompress”, Mendell, USA) and
glyceryl behenate (Compritol® 888ATO, Gattefossé, France). Polyvinylpyrrolidone
(Plasdone® K29-32) is a granulating agent, soluble in water, which has the ability of
binding the powder particles. Yellow ferric oxide (Sicovit® Yellow 10, BASFE,

Germany) was added as a dye. A detailed composition of this barrier blend 1s givera

in table 2.

Table 2:

Composition of the coating

Ingredients | Content (%)
Dibasic calcium phosphate (Emcompress") 50.00

Glyceryl Behenate (Compritol® 888 ATO) 40.00
Polyvinylpyrrolidone (Plasdone® K29-32) 3.40

Yellow Ferric Oxide (Sicovit® yellow 10 E 172) | 0.10

Silicon dioxide (Aerosil® 200) 0.50

Magnesium stearate i 1.00

Total o 10000 ]

The required amounts of drug substance A, Ac-Di-Sol®, Lactose Pulvis H,0%.
Plasdone® K29-32 were weighed and manually sieved with a screen having 0.710 mmn
apertures. The components wexre homogeneously mixed in a Niro-Fielder PMA 25 -
litre mixing granulator for 6 min at impeller speed 250 rpm without chopper.
Subsequently, the granulating solution (purified water, 25.47 % of the weight of the
dry blend) was added within 4 min at impeller speed 250 rpm and chopper speed 1500
rpm, using a nozzle H1/4VV'-95015 (spraying rate of 250 g/min). Mixing was
continued for homogenisation and massing of the wet mass for 3 min at impeller

speed 500 rpm and chopper speed 3000 rpm.
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The mixed wet granulate 1s then dried in a Glatt WSGS5 fluidised air bed drier.
The 1nlet temperature is maintained at 45°C during drying. The drying lasted 20 min
to obtaimn a granulate with a residual moisture less than 2.5%. The yielded dry
granulate i1s calibrated in a Frewitt MGI 205 granulator using a screen with 0.8 mm
apertures for 3 min at speed 244 osc/min (graduation 7). Appropriate armounts of
Aerosil® 200 and magnesium stearate are manually sieved using a screen with 1.0 mm
apertures. Half of the dry granulate is put in a Niro-Fielder PMA 25-litre mixing
granulator, followed by Aerosil® 200 and then by the other half of the dry granulate.
The ingredients are mixed for 2 min at impeller speed 250 rpm. Finally, magnesium
stearate 1s added and mixing 1s continued for 2 min at impeller speed 250 rpm.

The coating blend is prepared according to the process described below. Batch
size for the barrier blend is 13 kg. Weighed amounts of Emcompress®, Compritol®
888 ATO, Lactose pulvis-H20", Plasdone® K29-32 and Sicovit® Yellow 10 E 172 are
manually sieved with a screen having 0.710 mm apertures. They are placed in a Niro-
Fielder PMA 65-litre mixing granulator. Then, the components are homogeneously
mixed for 6 min, at impeller speed 200 rpm, without chopper. Subsequently, the
granulating solution (purified water, 8.12 % of the weight of the dry blend) is added
within 2 min at impeller speed 200 rpm and chopper speed 1500 rpm using a nozzle
4,9 (spraying rate of 520 g/min). Mixing 1s continued for homogenisation and massing
for 1 min at impeller speed 400 rpm and chopper speed 3000 rpm.

The mixed wet granulate is then dried in a Niro-Fielder TSG 2 fluidised air
bed dryer. The inlet temperature 1s maintained at 45°C during drying. The drying
lasted 33 min to have residual moisture less than 2.5%. The yielded dry granulate is
calibrated 1n a Frewitt MGI 205 granulator using a screen having 0.8 mm apertures
for 4 min at speed 244 osc/min (graduation 7). Appropriate amounts of Aerosil® 200
and magnesium stearate are manually sieved using a screen with 1.0 mm apertures.
Half of the dry granulate is put in a Niro-Fielder PMA 65-litre, followed by Aerosil®
200 and then by the other half of the dry granulate. The ingredients are mixed for 2
min at impeller speed 200 rpm, without chopper. Finally, magnesium stearate is added
and mixing is continued for 2 more minutes at impeller speed 200 rpm. without
chopper.

440 mg of coating blend is press coated on a core to provide press coated
tablets (9 mm diameter). 305 mg of coating blend is press coated on a core to provide

press coated tablets (8 mm diameter). These different press coatings are made
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utilising a Kilian RUD tabletting machine. First and second loading hoppers are filled
up with the coating granulate. Between the two loading hoppers, the machine is
equipped with a transfer system adapted to feed the cores. For each tablet, the first
loading h.opper supplies with about half of the quantity to be applied to the core.
Then, the feeding system provides and positions a core cenfred in the die.
Subsequently, the second loading hopper supplies with the other half of the quantity

to be applied to the core. The compression step then occurs.

Example 2

The in vitro dissolution profile of a tablet containing a Smg loading of drug
substance A prepared according to the method of Example 1 is determined using USP
dissolution apparatus No. 2 (paddles) and stationary baskets and applying a stirring
rate of 100 rpm. The dissolution medium was purified water, with a volume ot 1000

ml.

Figure 2 shows the release profiles of several tablets formed according to the
above formulation and methodology. The figure clearly shows that it 1s possible to

obtain lagy times with a very high degree of precision.

Example 3 : Formulation 5301 (1 hour time lag, 4 hour sustained release)

A core containing drug substance is prei)ared for the press coated system as
follows. "The composition of the core is detailed in Table 3. Lactose amonohydrate
(Lactose Pulvis-H,O®, Danone, France and Lactose Fast Flo® NF 316, Foremost Ing.
Group, USA) is a filling agent with interesting technical and functional properties.
Lactose Pulvis-H,O is used in a blend prepared by wet granulation and Lactose Fast
Flo is used in a blend prepared for direct compression. Hydroxypropylmethyl
cellulose (Methocel K4M) is used to modify the release of the active agent (Zaleplon).
Polyviny1 pyrrolidone (Plasdone® K29-32, ISP Technology, USA) is a granulating
agent, soluble in water, which has the ability of binding the powder particles.
Sodium Lauryl sulphate is a surfactant which helps to wet or hydrate the core and may
help to solubilise the active agent. Red ferric oxide is added as a visual indicator to
assist in ensuring that the core is correctly centered in the tablet pumch. As the

external phase, magnesium stearate (Merck, Switzerland) was added as a lubricant
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and silicon dioxide (Aerosil® 200, Degussa AG, Germany) in order to improve flow

properties of the granular powder.

Table 3: Formulation of the core 1041/32E1 made with 1041/21SR1

Ingredients Content (mg/tablet) Yo
Zaleplon 15.00 25.00
Lactose (Lactose Pulvis 11.00 18.33
H,O NF 316)

Polyvinyl pyrrolidone 3.00 5.00
(Plasdone® K29-32)

Methocel K4M 22.00 36.67
(hydroxypropylmethyl

cellulose)

Magnesium stearate 1.00 1.67
Silicon dioxide (A erosil® 0.60 1.00
200)

Sodium lauryl sulphate 7.00 11.67
Red ferric oxide 0.40 0.67
Total 60.00 100.00

The coating material 1s of a hydrophobic, water insoluble nature. This coating
is composed of dibasic calcrum phosphate dihydrate (Calipharm®, CAS 7789-77-7)
and glyceryl behenate (Compri’tol® 888ATO,  (Gattefosse, France).
Polyvinylpyrrolidone (Plasdone® K29-32) is a granulating agent, soluble in water,
which has the ability of binding the powder particles. Yellow ferric oxide (Sicovit®

Yellow 10, BASF., Germany) was added as a dye. Xylitol 300 (Xylisorb, CAS 87-99-
0) is used as a hydrophilic compound, whilst sodium lauryl sulphate (CAS 151-21-3)
is added as a hydrophilic compound and solubilising agent.

A detailled composition of this barrier blend 1s given in table 4.
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Table 4 : Composition of the coating
Ingredients mg/tab Content (%)
Dibasic calcium phosphate dihydrate 145.75 32.75
(Calipharm®, CAS 7789-77-7)
Glyceryl Behenate (Compritol® 888 ATO) | 116.60 26.20
Xylitol 300 (X~lisorb, CAS 87-99-0) 133.50 30.00
Sodium lauryl sulphate (CAS 151-21-3) 20.00 4.49
Polyvinylpyrrolidone (Plasdone® K29-32) 24.49 ~ |5.50
Yellow Ferric Oxide (Sicovit® yellow 10 E | 0.29 0.07
172)
Silicon dioxide (Aerosil® 200) | 1.46 0.33
Magnesium stearate 2.92 0.66
Total 44500  [100.00

The required amounts of Zaleplon, Methocel K4M, Lactose Pulvis H20®,
Plasdone® K29-32 were weighed and manually sieved with a screen having 0.710 mm
apertures. The components were homogeneously mixed in a Niro-Fielder PMA 25-
litre mixing granulator for 6 min at impeller speed 250 rpm without chopper.
Subsequently, the granulating solution (purified water, 25.47 % of the weight of the
dry blend) was added within 4 min at impeller speed 250 rpm and chopper speed 1500
rpm, using a mnozzle H1/4VV-95015 (spraying rate of 250 g/min). Mixing was
continued for homogenisation and massing of the wet mass for 3 main at impeller
speed 500 rpm and chopper speed 3000 rpm.

The mixed wet granulate is then dried in a Glatt WSGS fluidised air bed drier.
The inlet temperature 1s maintained at 45°C during drying. The drying lasted 20 min
to obtain a granulate with a residual moisture less than 2.5%. The yielded dry
granulate is calibrated in a Frewitt MGI 205 granulator using a screera with 0.8 mm
apertures for 3 min at speed 244 osc/min (graduation 7). Appropriate amounts of
Aerosil® 200 and magnesium stearate are manually sieved using a screen with 1.0 mm
apertures. Half of the dry granulate is put in a Niro-Fielder PMA 25-litre mixing
granulator, followed by Aerosil® 200 and then by the other half of the dry granulate.
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The ingredients are mixed for 2 min at impeller speed 250 rpm. Finally, magnesium
stearate is added and mixing is continued for 2 min at impeller speed 250 rpm.

The coating blend is prepared according to the process described below. Batch
size for the barrier blend is 13 kg. Weighed amounts of Calipharm™, Compritol® 888
ATO, Lactose pulvis-H20®, Plasdone® K29-32 and Sicovit® Yellow 10 E 172 are
manually sieved with a screen having 0.710 mm apertures. They are placed i a Niro-
Fielder PMA 65-litre mixing granulator. Then, the components are homogeneously
mixed for 6 min, at impeller speed 200 rpm, without chopper. Subsequently, the
granulating solution (purified water, 8.12 % of the weight of the dry blend) 1s added
within 2 min at impeller speed 200 rpm and chopper speed 1500 rpm using a nozzle
4,9 (spraying rate of 520 g/min). Mixing is continued for homogenisation and massing
for 1 min at impeller speed 400 rpm and chopper speed 3000 rpm.

The mixed wet granulate is then dried in a Niro-Fielder TSG 2 fluidised air
bed dryer. The inlet temperature is maintained at 45°C during drying. The drying
lasted 33 min to have residual moisture less than 2.5%. The yielded dry granulate is
calibrated in a Frewitt MGI 205 granulator using a screen having O.8 mm apertures
for 4 min at speed 244 osc/min (graduation 7). Appropriate amounts of Aerosil® 200
and magnesium stearate are manually sieved using a screen with 1.0 mm apertures.
Half of the dry granulate is put in a Niro-Fielder PMA 65-litre, followed by Aerosil®
200 and then by the other half of the dry granulate. The ingredients are mixed for 2
min at impeller speed 200 rpm, without chopper. Finally, magnesium stearate 1s added
and mixing is continued for 2 more minutes at impeller speed 200 rpm, without
chopper.

440 mg of coating blend is press coated on a core to prowvide press coated
tablets (9 mm diameter). 305 mg of coating blend is press coated on a core to provide
press coated tablets (8 mm diameter). These different press coatings are made
utilising a Kilian RUD tabletting machine. First and second loading hoppers are filled
up with the coating granulate. Between the two loading hoppers, the machine is
equipped with a transfer system adapted to feed the cores. For each tablet, the first
loading hopper supplies with about half of the quantity to be applied to the core.
Then, the feeding system provides and positions a core centred 1n the die.
Subsequently, the second loading hopper supplies with the other half of the quantity

to be applied to the core. The compression step then occurs.
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Example 4 : Formulation 51Q1 (2 hour time lag, immediate release)

A core containing drug substance is prepared for the press coated system as

follows. The composition of the core is detailed in Table 5. I_actose monohydrate

(Lactose Pulvis-H,0®, Danone, France and Lactose Fast Flo® NF 316, Foremost Ing.
Group, USA) is a filling agent with interesting technical and functional properties.
Lactose Pulvis-H,O is used in a blend prepared by wet granulation and Lactose Fast
Flo is used in a blend prepared for direct compression. Croscaramellose sodium (Ac-
Di-Sol, FMC Corporation, USA) is used in the formulation as a super disintegrant.
Polyvinyl pyrrolidone (Plasdone® K29-32, ISP Technology, USA) is a granulating
agent, soluble in water, which has the ability of binding the powder particles.
Sodium lauryl sulphate is a surfactant which helps to wet or hydrate the core and may
help to solubilise the active agent. Red ferric oxide 1s added as a visual indicator to
assist in ensuring that the core is correctly centered in the tablet punch. As the
external phase, magnesium stearate (Merck, Switzerland) was added as a lubricant

and silicon dioxide (Aerosil® 200, Degussa AG, Germany) in oxder to improve flow

properties of the granular powder.

Table 5: Formulation of the core 1041/29E1 made with 1041/02ER 1

Ingredients Content (mg/tablet) | %%

Zaleplon 15.00 1 25.00

Lactose (Lactose Pulvis H;O NF 25.80 43.00

316)

Polyvinyl pyrrolidone (Plasdone® 4.00 | 6.67
| K29-32)

Sodium carboxymethyl cellulose 11.00 1 8.33

(Ac-Di-Sol1®) '

Magnesium stearate 0.60 1 .00 |

Silicon diox ide (Aerosil® 200) 0.30 | 0.50

Sodium lauryl sulphate 3.00 | 5.00

Red ferric oxide 0.30 0.50
Total — [e000 ] 10000
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The coating material 1s of a hydrophobic, water insoluble nature. This coating
is composed of dibasic calcium phosphate dihydrate (Calipharrm®, CAS 7789-77-7)

and glyceryl behenate (Compritol® 888ATO, Gattefossé, F rance).

Polyvinylpyrrolidone (Plasdone® K29-32) is a granulating agent, soluble 1n water,

which has the ability of binding the powder particles. Yellow ferric oxide (Sicovit®

Yellow 10, BASF, Germany) was added as a dye. Xylitol 300 (Xylisorb, CAS 87-99-
0) 1sused as a hydrophilic compound, whilst sodium lauryl sulphate (CAS 151-21-3)
1s added as a hydrophilic compound and solubilising agent.

A detailed composition of this barrier blend is given in table 6.

Table 6: Composition of the coating
Ingredients | mg/tab Content (%)
Dibasic calcium phosphate dihydrate 173.00 38.88
(Calipharm®, CAS 7789-77-7) |
Glyceryl Behenate (Compritol® 888 ATO) I 138.40 31.10
Xylitol 300 (Xylisorb, CAS 87-99-0) [ 89.00 20.00
Sodium lauryl sulphate (CAS 151-21-3) 10.00 l 2.25
Polyvinylpyrrolidone (Plasdone® K29-32) | 29.06 | 6.53
Yellow Ferric Oxide (Sicovit® yellow 10 | 0.35 0.08
E 172)
Silicon dioxide (Aerosil® 200) 1.73 0.39
Magnesiuam stearate 3.46 | 0.78
Total 100.00

The required amounts of Zaleplon, Methocel K4M, Lactose Pulvis H,O®,
Plasdone® K29-32 were weighed and manually sieved with a screen having 0.710 mm
apertures. The components were homogeneously mixed in a Niro-Fielder PMA 25-
litre mixing granulator for 6 min at impeller speed 250 rpm without chopper.
Subsequently, the granulating solution (purified water, 25.47 % of the weight of the
dry blend) was added within 4 min at impeller speed 250 rpm and chopper speed 1500
rpm, using a nozzle H1/4VV-95015 (spraying rate of 250 g/min). Mixing was
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comtinued for homogenisation and massing of the wet mass for 3 min at impeller
speed 500 rpm and chopper speed 3000 rpm.

The mixed wet granulate is then dried in a Glatt WS35 fluidised air bed dner.
The inlet temperature is maintained at 45°C during drying. The drymng lasted 20 min
to obtain a granulate with a residual moisture less than 2.5%. The yielded dry
oranulate is calibrated in a Frewitt MGI 205 granulator using a screen with 0.8 mm
apertures for 3 min at speed 244 osc/min (graduation 7). Appropriate amounts of
Aerosil® 200 and magnesium stearate are manually sieved using a screen with 1.0 mm
apertures. Half of the dry granulate is put in a Niro-Fielder PMA 25-litre mixing
granulator, followed by Aerosil® 200 and then by the other half of the dry granulate.
The ingredients are mixed for 2 min at impeller speed 250 rpm. Finally, magnesium
stearate is added and mixing is continued for 2 min at impeller speed 250 rpm.

The coating blend is prepared according to the process described below. Batch
size for the barrier blend is 13 kg. Weighed amounts of Calipharm®, Compritol® 888
A'TO, Lactose pulviS*H20®, Plasdone® K29-32 and Sicovit® Yellow 10 E 172 are
manually sieved with a screen having 0.710 mm apertures. T hey are placed in a Niro-
Fielder PMA 65-litre mixing granulator. Then, the components are homogeneously
mixed for 6 min, at impeller speed 200 rpm, without chopper. Subsequently, the
granulating solution (purified water, 8.12 % of the weight of the dry blend) 1s added
within 2 min at impeller speed 200 rpm and chopper speed 1500 rpm using a nozzle
4,9 (spraying rate of 520 g/min). Mixing is continued for homogenisation and massing
for 1 min at impeller speed 400 rpm and chopper speed 3000 rpm.

The mixed wet granulate is then dried in a Niro-Fielder TSG 2 fluidised air
bed dryer. The inlet temperature is maintained at 45°C during drying. The drying
lasted 33 min to have residual moisture less than 2.5%. The yielded dry granulate 1s
calibrated in a Frewitt MGI 205 granulator using a screen having 0.8 mm apertures
for 4 min at speed 244 osc/min (graduation 7). Appropriate amounts of Aerosil® 200
and magnesium stearate are manually sieved using a screera with 1.0 mm apertures.
Half of the dry granulate is put in a Niro-Fielder PMA 65-litre, followed by Aerosil®
200 and then by the other half of the dry granulate. The ingredients are mixed for 2
m.in at impeller speed 200 rpm, without chopper. Finally, magnesium stearate is added
and mixing is continued for 2 more minutes at impeller speed 200 rpm, without

chopper.
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440 mg of coating blend 1s press coated on a core to provide press coated

tablets (9 mm diameter). 305 mg of coating blend is press coated on a core to provide
press coated tablets (8 mm diameter). These different press coatings are made
utilising a Kilian RUD tabletting machine. First and second loading hoppers are filled
up with the coating granulate. Between the two loading hoppers, the machine is
equipped with a transfer system adapted to feed the coxes. For each tablet, the first
loading hopper supplies with about half of the quantity to be applied to the core.
Then, the feeding system provides and positions a core centred in the die.
Subsequently, the second loading hopper supplies with the other half of the quantity

to be applied to the core. The compression step then occurs.

Example 5 : Formulation 54Q1 (2 hour time lag, 2 hour sustained release)

A core containing drug substance 1s prepared fox the press coated system as
follows. The composition of the core 1s detailed in Table 7. Lactose monohydrate
(Lactose Pulvis'H,O®, Danone, France and Lactose Fast Flo® NF 316, Foremost Ing.
Group, USA) i1s a filling agent with interesting technical and functional properties.
Lactose Pulvis'H;O 1s used 1n a blend prepared by wet granulation and Lactose Fast
Flo 1s used in a blend prepared for direct compression. Hydroxypropylmethyl
cellulose (Methocel K100LV) 1s used to modify the release of the active agent
(Zaleplon). Polyvinyl pyrrolidone (Plasdone® K29-32, ISP Technology, USA) is a
granulating agent, soluble in water, which has the abaility of binding the powder
particles. Sodium lauryl sulphate is a surfactant whichh helps to wet or hydrate the
core and may help to solubilise the active agent. Red ferric oxide 1s added as a visual
indicator to assist in ensuring that the core is correctly centered in the tablet punch.

As the external phase, magnesium stearate (Merck, S-witzerland) was added as a
lubricant and silicon dioxide (Aerosﬂ@ 200, Degussa AG, Germany) in order to

improve flow properties of the granular powder.

Table 7: Formulation of the core 1041/33E1 made with 1 041/22SR 1

Ingredients Content (mg/tablet) | %

Zaleplon 15.00 25.00

Lactose (Lactose Pulvis HyO NF 11.00 18.33
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Ingredients Content (mg/tablet) | %
316)
Polyvinyl pyrrolidone (Plasdone® | 3.00 5.00
K29-32)
Methocel K4M 22.00 36.67
(hydroxypropylmethyl cellulose)
Magnesium stearate 1.00 1.67
Silicon dioxide (Aerosil® 200) 0.60 1.00
Sodium lauryl sulphate 7.00 11.67
Red ferric oxide 0.40 0.67
Total — le000  [10000

The coating material 1s of a hydrophobic, water insoluble nature. This coating
is composed of dibasic calcium phosphate dihydrate (Calipharm®, CAS 7789-77-7)

and glyceryl  behenate (Compri’tol® 8S8B8ATO,  Gattefossé,  France).
Polyvinylpyrrolidone (Plasdone® K29-32) is a granulating agent, soluble in water,
which has the ability of binding the powder particles. Yellow ferric oxide (Sicovit®

Yellow 10, BASF, Germany) was added as a dye. Xylitol 300 (Xylisorb, CAS 87-99-
0) 1s used as a hydrophilic compound, whilst soditam lauryl sulphate (CAS 151-21-3)
is added as a hydrophilic compound and solubilising agent.

A detailed composition of this barrier blend 1s given in table 8.

Table 8: Composition of the coating

Ingredients mg/€ab Content (%)
Dibasic calcium phosphate dihydrate | 173.00 38.88
(Calipharm®, CAS 7789-77-7)

| Glyceryl Behenate (Compritol® 888 ATO) | 138.40 31.10
Xylitol 300 (Xylisorb, CAS 87-99-0) 89.00 20.00
Sodium lauryl sulphate (CAS 151-21-3) 10.00 2.23
Polyvinylpyrrolidone (Plasdone® K29-32) 129.06 6.53
Yellow Ferric Oxide (Sicovit® yellow 10 E | 0.35 1 0.08
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Ingredients mg/tab Content (%)
172)
Silicon dioxide (Aerosil® 200) 1.73 0.39
Magnesium stearate 3.46 0.78
Total 44500 - 10000

The required amounts of Zaleplon, Methocel K4M, Lactose Pulvis H,O%,
Plasdone® K29-32 were weighed and mamnually sieved with a screen having 0.710 mm
apertures. The components were homogeneously mixed in a Niro-Fielder PMA 25-
litre mixing granulator for 6 min at impeller speed 250 rpm without chopper.
Subsequently, the granulating solution (purified water, 25.47 % of the weight of the
dry blend) was added within 4 min at impoeller speed 250 rpm and chopper speed 1500
rpm, using a nozzle H1/4VV-95015 (spraying rate of 250 g/min). Mixing was
continued for homogenisation and massing of the wet mass for 3 min at impeller
speed 500 rpm and chopper speed 3000 rpm.

The mixed wet granulate 1s then dried in a Glatt WSGS fluidised air bed drier.
The 1nlet temperature 1s maintained at 45°C during drying. The drying lasted 20 min
to obtain a granulate with a residual mmoisture less than 2.5%. The yielded dry
granulate 1s calibrated 1in a Frewitt MGIL 205 granulator using a screen with 0.8 mm
apertures for 3 min at speed 244 osc/main (graduation 7). Appropriate amounts of
Aerosil® 200 and magnesium stearate are manually sieved using a screen with 1.0 mm
apertures. Half of the dry granulate 1s put in a Niro-Fielder PMA 25-litre mixing
granulator, followed by Aerosil® 200 and then by the other half of the dry granulate.
The ingredients are mixed for 2 min at xmpeller speed 250 rpm. Finally, magnesium
stearate 1s added and mixing is continued for 2 min at impeller speed 250 rpm.

The coating blend is prepared according to the process described below. Batch
size for the barrier blend is 13 kg. Weighed amounts of Calipharm®, Compritol® 888
ATO, Lactose pulvis'H20®, Plasdone® K29-32 and Sicovit® Yellow 10 E 172 are
manually sieved with a screen having 0.”710 mm apertures. They are placed in a Niro-
Fielder PMA 65-litre mixing granulator. Then, the components are homogeneously
mixed for 6 min, at impeller speed 200 rpm, without chopper. Subsequently, the
granulating solution (purified water, 8.12 % of the weight of the dry blend) is added
within 2 min at impeller speed 200 rpm and chopper speed 1500 rpm using a nozzle
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4,9 (spraying rate of 520 g/min). Mixing 1s continued for homogenisation and massing
for 1 min at impeller speed 400 rpm and chopper speed 3000 rpm.

The mixed wet granulate is then dried 1n a Niro-Fielder TSG 2 fluidised air
bed dryer. The inlet temperature is maintained at 45°C during drying. The drying
lasted 33 min to have residual moisture less than 2.5%. The yielded dry granulate is
calibrated in a Frewitt MGI 205 granulator using a screen having 0.8 mm apertures
for 4 min at speed 244 osc/min (graduation 7). Appropriate amounts of Aerosil™ 200
and magnesium stearate are manually sieved using a screen with 1.0 mm apertures.
Half of the dry granulate is put in a Niro-Fielder PMA 65-litre, followed by Aerosil®
200 and then by the other half of the dry granulate. The ingredients are mixed for 2
min at impeller speed 200 rpm, without chopper. Finally, magnesium stearate is added
and mixing is continued for 2 more minutes at impeller speed 200 rpm, without
chopper.

440 mg of coating blend is press coated on a core to provide press coated

tablets (9 mm diameter). 305 mg of coating blend is press coated on a core to provide
press coated tablets (8 mmn diameter). These different press coatings are mmade
utilising a Kilian RUD tabletting machine. First and second loading hoppers are filled
up with the coating granulate. Between the two loading hoppers, the machine is
equipped with a transfer system adapted to feed the cores. For each tablet, the first
loading hopper supplies with about half of the quantity to be applied to the core.
Then, the feeding system provides and positions a core centred in the die.
Subsequently, the second loading hopper supplies with the other half of the quantity

to be applied to the core. The compression step then occurs.

Example 6

The in vitro dissolution profile of tablets each containing a Smg loadinng of
Zaleplon prepared according to the method of Examples 3, 4 and 5 respectively is
determined using USP dissolution apparatus No. 2 (paddles) and stationary baskets
and applying a stirring rate of 100 rpm. The dissolution medium was 0.02% sodium

lauryl sulphate in 500ml distilled water, with a volume of 1000 ml.

Figure 3 illustrates the release of Zaleplon from the formulations of Examples
3-5. A lag time of at least omnie hour is observed in each case, followed by immed1ate

release (Example 4) or delayed release (Examples 3 and 5) of the active agent.
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Claims

1. A dosage form containing a drug substance useful in the treatment of insomnia,
said dosage form comprising a layer or coating surrounding a drug substance containing
core matrix;

sald dosage form being adapted to release said drug substance after a lag time
during which substantially no drug substance 1s released, said lag time being about at
least one hour after administration of the dosage form;

wherein upon administration of said dosage form less than 10% of the drug
substance is released during said lag time;

wherein the coating comprises less than 10% of swellable or gellable materials
wherein those swellable or gellable materials do not form a gel which exerts a release-
controlling effect; and

wherein a release controlling agent is provided in the matrix in which said drug

substance 1s dissolved or dispersed.
2. A dosage torm according to claim 1, wherein the lag time is from 1 to 4 hours.

3. A dosage form according to any one of claims 1-2, wherein the release of said

drug substance from the dosage form i1s pH-independent.

4, A dosage form according to any one of claims 1-3, which is provided as a single-

component unit dose.

5. A dosage form according to any one of claims 1 to 4, wherein said dosage form is
adapted to obtain a controlled release of said drug substance in vitro when measured by
the USP Paddle Dosage form (type 11 apparatus) at 100 rpm in 1000m! of an aqueous

medium.

6. A dosage form as claimed in claim S, wherein said dosage form is adapted to

obtain a controlled release of said drug substance in vitro when measured by the USP

22347793.1
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Paddle Method (type II apparatus) at 100 rpm in 1000ml of an aqueous medium, such
that at least about 25 to 60% ot drug substance 1s released within 5 hours, and at least

about 80% of drug substance is released after 7 hours.

7. A dosage form according to claim 5 or claim 6, wherein said aqueous medium
comprises (a) 0.1M HCI and phosphate buffer (pH 6.8) or (b) 0.02% sodium lauryl
sulphate in 500mls distilled water or (¢) purified water, and wherein said measurement is
taken at 37°C.

8. A dosage torm according to any one of claims 1 to 7, wherein the drug substance
1$ a benzodiazepine receptor agonist; an antithistamine; a GABA A receptor agonist; an
imidazopyridine; an Ureide; a tertiary acetylinic alcohol; a piperidine derivative; a

GABA receptor agonist; or a melatonin | receptor agonist.

9. A dosage form according to any one of claims 1 to 8, wherein the drug substance
1S Brotizolam, Lormetazepam, Loprazolam, Flunitrazepam, Nitrazepam, Estazolam,
Flurazepam, Loprazolam, Lormetazepam, Midazolam, Nitrazepam, Nordazepam,
Quazepam, Temazepam, Triazolam, Doxylamine, Diphenhydramine, Promethazine,
Niaprazine, Clomethiazole, Paraldehyde, Chloral Hydrate, Triclofos, Zaleplon, Zolpidem,
Acetylcarbromal, Ethchlorvynol, Niaprazine, Tiagabine, Glutethimide, Zopiclone,

Eszopiclone, Ramelteon, Agomelatine, Indiplon, Eplivanserin, Lirequinil or Gaboxadol.

10. A dosage form according to any one of claims 1 to 9, wherein the drug substance

1s zaleplon.

11. A dosage form according to claim 10, wherein the drug substance is present in an

amount of 5 to S0mg per dosage form.

12. A dosage form according to any one of claims 1 to 13, wherein said dosage form

contains one or more drug substances and a release-controlling agent.

N
2

22347793.1
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13. A dosage torm as claimed in any one of claims 1 to 12, wherein the coating

comprises less than 5% of swellable or gellable matenals.

14. A dosage form as claimed 1n any one of claims 1 to 13, wherein the coating
comprises one or more insoluble or poorly water soluble hydrophobic matenals which are
adapted to permait ingress of aqueous physiological media through faults or channels in

the bulk materials that make up said dosage form.

5. A dosage form as claimed in claim 14, wherein the one or more insoluble or
poorly water soluble hydrophobic materials are fatty acids or their esters or salts; long
chain fatty alcohols; polyoxyethylene alkyl ethers; polyoxyethylene stearates; sugar

esters; lauroyl macrogol-32 glyceryl or stearoyl macrogol-32 glyceryl.

16. A dosage form as claimed 1n claim 14 or claim 15, wherein the one or more
insoluble or poorly water soluble hydrophobic materials are calcium phosphate salts or

glyceryl behenate.

17. A dosage form as claimed in any one of claims 1 to 16, wherein the release

controlling agent comprises one or more sustained release excipients.

18. A dosage form as claimed in claim 17, wherein the release controlling agent

comprises hydroxypropylmethyl cellulose.

19. A dosage form according to any one of claims 1 to 18, wherein said dosage form

1s 1n the form of a press-coated tablet.

20. A dosage form according to any one of claims 1 to 19, which is for treating sleep

latency and/or wakening events.

21. A dosage form according to any one of claims 1 to 20 for use in the treatment of

msomma.

(W
G
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