1 CRUSH RESI STANT TABLETS | NTENDED TO PREVENT

ACCI DENTAL M SUSE AND UNLAWFUL DI VERSI ON The present

i nvention concerns insoluble matrix 5 tablets having
very high crush resistance. These matrix tablets

whi ch are unbreakabl e under wusual conditions,
non-friable and insoluble in an aqueous nedium are

of particular interest as reservoirs for

psychotropi c agents since they can 10 reduce and even
prevent addictive abuse of these substances by
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phenomenon of accidental misuse may assume several
20 aspects. First, it may arise from failure to heed
administering conditions. It may happen that the
tablet, intended to be swallowed, is accidentally
chewed by the patient. The consequences of full or
partial destruction of the tablet whose structure is
25 1intended to delay the release of the active ingredient,
can prove to be dangerous and even fatal for the
patient (excess dosage leading overdose). This is the
reason why the leaflet supplied with the drug
OxyContin® LP specifically states that « The tablets

30 must be swallowed whole without being chewed ».

Also, accidental misuse of drugs containing
sustained-release oxycodone has also been observed when
patients simultaneously, or within a short time
interval, ingest the drug with a strong dose of

35 alcohol.



35 alcohol. 2 It has effectively been observed with

a sustained rel ease form of hydronorphone that the
presence of alcohol in the stonach deteriorated the

| ayer of excipients designed for sustained rel ease

of the active 5 ingredient, leading to release into

the body of a major quantity of active ingredient
(odose-dunpi ng>), once again the cause of a
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There is therefore a real need to prevent this
20 type of accidental misuse to increase patient safety,
whilst maintaining a simple, comfortable route of
administration (oral route).
Since the placing on the French pharmaceutical
market in 1990 of substitute treatments for opiate
25 drugs, in the form of sublingual tablets (Temgésic®)
initially packed in a form for injection, an increase
has been observed in the phenomenon of abuse of certain
psychotropic agents by drug addicts.
The term deliberate misuse or illicit use (or more
30 usually "drug-abuse") 1s used to qualify the use of
certain medicinal products for addiction purposes, in
particular the use of certain psychotropic or narcotic
agents e.g. opioids or their derivatives intended to
treat severe pain or to treat addiction to opiate

35 drugs.



agents e.g. opioids or their derivatives intended to
treat severe pain or to treat addiction to opiate 35
drugs. 3 Abuse by parenteral/nasal route of

sustai ned rel ease active ingﬁedients normal |y

intended for oral route, gives drug addicts the
opportunity to achieve immediate, accunul ated
psychotropic effects of the 5 total active ingredient
dose present in the initial formulation. For
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Yet the phenomenon of drug abuse is also seen with
20 preparations intended to treat severe pain, such as
morphine sulphate (Skenan®) and oxycodone for example
(Moscontin®, OxyContin® LP) or moderate pain
(Neocodion®). These sustained-release forms contain
large quantities of opioids intended to limit pain over
25 long periods, and abuse thereof gives rise to the

massive release of morphine derivatives.

Drug abuse also affects other classes of
therapeutic drugs, in particular benzodiazepines
(Rohypnol®), and to a lesser extent certain

30 neurological treatments (Artane® Antiparkinson drug).

As a result, these therapeutic or substitution
treatments, in some cases accessible by mere
prescription, and whose dosage can reach up to ten or

so tablets a day, are subject to two chief modes of



As a result, these therapeutic or substitution
treatnents, in sone cases accessible by nere
prescription, and whose dosage can reach up to ten or
so tablets a day, are subject4to two chief nodes of 4
abuse: parenteral adm nistration (injection) and
nasal admnistration (inhalation). Wth regard to
abuse by injection, the tablet or capsule containing
the active ingredients of interest 5 is reduced to a
fine powder using any possi ble neans available to the
ergpuHhﬂcpardmtemaﬂtb@mﬁaﬁsarabﬁbar(mnjebtg@mﬁran@VEmsal

tg%@@gggmﬁ %iééﬂglthe tablet. The rough

e

tain necessarily contains the

ex0| p. e.‘%hu FieGPAR] opraddsft Bh 1R PHamceis i e letp or

fordﬂpsﬁﬁl’é tdert die 1digs solev eg- 4 vea ﬁm@iédl\@iumeojpf interest
f I|I|tres SQIMet i.NeS previ ous

hegl nl%?eod‘rsvwnog ek SYEErq 4sh aép ?Sscleér/ Qiheans

act%“ﬁélabﬁgrééléh@sdp@@s%¢ﬂ1¢ﬁw baS@@ﬂﬁﬂﬁvébro&nmortar or

herlqlg‘htekias%vefxﬁorﬁmplg) bny@léwlqu b obt A negd 19@@ thener .
be hhy 15 fi tere? %@ entr of ? .
particl eI hiBOYHE P o %aﬁ?l Ag-a %?Ekﬁ%ﬂ @ntains

filtther efmp@xaaﬂrpl enltbeﬂbvepresestl npethedphpamaceutical

101 ntﬂo@*\/nen@aﬁ EQuhepe | 8 44U S &BSS o REACT L¥@ume of liquid
i mredi ately available in the

in e ent t econes

blg Fedty! qéqﬁ&ée{shersemeﬁemﬁ RBSY bgRtY apgated and/or
exdiopi erttidio ded ayacts rebeaseldegi vifiog risertadimn active
' ”‘I%%‘r%h%eﬂ%)éc%‘}te%%ltc €] T6¢le SQUORt BY @hU%eroin, base

di cts. Abuse by inhalation also consists o
cr H?ﬁipﬁdn?he Pifar AeeBd e c%%rtafldﬁﬂ ufgR| ten be roughly
15sufffiilcieenti] yof L hei poseiereritery 25 abtrgenpdrtocIendeito the

t he, aGHi ¥§egm9r§]&ig 3}% geeessh blecgo gggece@ C%grvec_[%ga%pﬁe,

of the intranas ous ne Fane. re agal
actiedRTEf TEhes siiel FRH-Hal daseavererpi éw*ée desi gned
for oraknadnlipi stasati Ahe isctfitld Yindmefife@et iRk comes

th%m%é %ggylggg hgéfeps ngfrqﬁoodstream, since there

20 is no longer any excipient to delay its release, giving

N

rise to an immediate psychotropic effect sought by drug
addicts.

Abuse by inhalation also consists of crushing the
pharmaceutical form until a sufficiently fine powder is

25 obtained to render the active ingredient accessible to
the micro-vessels of the intranasal mucous membrane.
Here again, the action of the sustained-release
excipients, designed for oral administration, is fully
ineffective and the expected immediate psychotropic

30 effect is able to be achieved.

Drug abuse is also accompanied by numerous health
risks related directly to injection or inhalation of
the excipients and of non-purified c¢rush residues,
little or ill-filtered and non-sterile. Recent studies

35 report that some tampered tablets are sometimes



30 effect is able to be achieved. Drug abuse is also
acconpani ed by nunerous health risks rel ated

directly to injection or inhalation of the

exci pi ents and of non-purifiéed crush residues,

little or ill-filtered and non-sterile. Recent

studies 35 report that sone tanpered tablets are
sonmetinmes 5 dissolved directly in the syringe, then
injected wthout any prior filtering, this practice
being directly responsible for numerous deaths
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To limit these problems, one approach consists of
20 associating the active ingredient in one same
pharmaceutical form with an agent capable of limiting
the psychotropic effect when the formulation is taken
by parenteral route.
This 1is the case for example with formulations
25 combining methadone and naloxone, initially described
in patents US 3,966,940 and US 3,773, 955.
This abuse-deterrent formulation was reproduced in
the particular case of buprenorphine. Patent EP 0 185
472 for example describes an oral formulation of
30 buprenorphine also containing an effective dose of
naloxone, which acts as competing antagonist at the
morphone receptors. Since naloxone has only very slight
bio-availability wvia oral route, it little hinders the
analgesic action of buprenorphine when the medicinal

35 product is administered conventionally per os. On the



the particul ar case of buprenorphine. Patent EP 0 185

472 for exanple describes an oral formulation of 30
bupr enor phi ne al so contai ning an effective dose of

nal oxone, which acts as conpéting antagonist at the

nor phone receptors. Since nal oxone has only very

slight bio-availability via oral route, it little

hi nders the anal gesic action of buprenorphi ne when
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20 Still using an approach combining the association
of the 9opioid with an antagonist agent, patent

application US 2003/0143269 describes a pharmaceutical
form in which the opioid and the antagonist are
interdispersed so that the antagonist is "sequestered"
25 in a compartment preventing it from being released when
the medicinal product is taken normally by oral route.
On the other hand, 1f the product is tampered with by
crushing, deterioration of the structure leads to
mixing of the two active agents and to inhibition of
30 the sought after psychotropic effect.

In this approach, the pharmaceutical form has a
predominant role to play against abuse. However, here
again the chemical association of two compounds is
necessary, leading to a complex manufacturing process

35 and high production costs.



t he nmedi ci nal product is taken normally by ora

route. On the other hand, if the product is tanpered
with by crushing, deterioration of the structure

|l eads to mxing of the two dctive agents and to
inhibition of 30 the sought after psychotropic

effect. In this approach, the pharnaceutical form has

a predom nant role to play agai nst abuse. However,
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20 release of the active ingredient when it is taken by
oral route, since the enzymes of the gastrointestinal
tract gradually break down the groups of fatty acids,
releasing the active ingredient as and when they are
broken down.

25 On the other hand, any physical tampering of the
pharmaceutical form releases microparticles of active
ingredient coated with an insoluble layer, preventing
the immediate release of the active ingredient in an
aqueous medium. Said formulation requires chemical

30 conversion of the active ingredient.

Patent application US 2003/0118641 describes an
oral dosage form of opicid with sustained release, in
which the active opioid ingredient is associated with a
hydrophilic polymer matrix and a cationic resin. Since

35 the resin carries opposite charges to the active
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formul ation requires chem cal 30 conversion of the
active ingredient. Patent application US 2003/0118641
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CaEEugﬁedanqﬂlanﬂgt bel${%§g§€ﬁjof these pharmaceutical
forms lies in the fact that the oxycodone cannot be
extracted from its gel carrier, and cannot be injected
either via parenteral route owing to the very high
viscosity of these formulations (Remoxy® product using
ORADUR® and SABER® technologies currently undergoing
phase IIT clinical trials).

Said gels also have the capacity to resist
extraction of oxycodone in the presence of an alcohol
or acid, the active ingredient remaining trapped in the
network formed by the gelling agent.

These gel-containing pharmaceutical forms are
complex formulations, which firstly require the use of
high viscosity liquids at industrial level, giving rise
to restricted handling, and secondly entail major
restrictions with regard to packaging (use of bottles

of vials), which is not the case with tablets.



either via parenteral route owng to the very high
viscosity of these fornul ati ons (Renoxy(r) product

using ORADUR(r) and SABER(r) technol ogies currently
undergoing 25 phase IIl climMcal trials). Said gels

al so have the capacity to resist extraction of
oxycodone in the presence of an alcohol or acid, the
active ingredient remaining trapped in the network
formed by the gelling agent. 30 These gel - cont ai ni ng
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Patent EP 0 933 079 describes matrix tablets
having a crush resistance varying from around 1 MPa (1
N/mm2?) up to 10 MPa. Said tablets are obtained from a
treated starch powder that can be directly compressed.
However, these tablets are intended for the rapid
release of active ingredients, since they have a
relatively short disintegration time in an aqueous
medium, in the order of approximately 6 to 7 minutes.
Owing to their rapid disintegration in an aqueous
medium these tablets, here again, cannot be used to
convey active ingredients which are liable to be given
abuse and which are intended to be released over long
time periods.
Patent EP 0 997 143 describes the production of

bi-convex matrix tablets of very high hardness (up to
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20 abuse. Patent EP 0 933 079 describes matrix

tablets having a crush resistance varying from

around 1 MPa (1 N mR) up to 10 MPa. Said tablets

are obtained froma treated!®tarch powder that can

be directly conpressed. 25 However, these tablets are
intended for the rapid release of active

i ngredients, since they have a relatively short

di sintegration tinme in an aqueous nedium in the

order of approximately 6 to 7 mnutes. Owing to
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Aguabom tutddtans @t iswepenaaditty Nt Yerush resistance
of the tablets thus obtained is in the order of 10 to
20 kp (kiloponds) which, scaled down to the size of
tablets, is equivalent to around 1.4-2.8 MPa. Also,
this special grade of ethylcellulose is water-
insoluble, limiting the diffusion of liquids and hence
release of the active ingredient in the body. Release
of the active ingredient 1is achieved slowly since the
tablets obtained from this model show a release profile
in which less than 80% of the active ingredient is
released after 24 hours.

Matrix tablets having very strong crush resistance
are also described in the work by Pontier et al.
(Pontier et al. Journal of European Ceramic Society, 22
(2002)). In particular, the authors show that it 1is
possible to obtain very hard matrix tablets wusing
mineral excipients of the calcium phosphate family,

such as tricalcium phosphate or hydroxyapatite, by



substituted and of |ow viscosity. The crush

resistance of the tablets thus obtained is in the
order of 10 to 20 20 kp (kil Ponds) whi ch, scal ed

down to the size of tablets!lis eqU|vaIent to around
1.4-2.8 MPa. Also, this speC|aI gr ade of
ethylcellulose is water- insoluble, limting the

di ffusion of liquids and hence release of the active
ingredient in the body. Release 25 of the active
ingredient is achieved slowy since the tablets
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is possi
Said tablets also have the capability of releasing

theophylline in an aqueous medium over a long period of
time (60% of active ingredient released in 8 hours) by
gradual diffusion through the matrix pores. However,
this article does not allow any conclusion to be drawn
25 on the capacities of said tablets to remain intact in
an aqueous medium, and hence to resist abuse by
crushing in a liquid medium.
Patent application US 2005/0031546 concerns an
abuse-deterrent pharmaceutical form containing one or
30 more active ingredients 1liable to give rise to
addiction, and at 1least one synthetic or natural
polymer necessarily having a tensile strength of at
least 500 N. The only polymer specifically described is
ethylene polyoxide having a molecular weight of
35 7 000 000 optionally associated with an =xanthane gum.
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conpression, to obtain matrix tablets containing

cal ci um phosphat es (hydroxyapatite and trical ci um
phosphate in particular), having very high crush

resi stance possibly reachingl? MPa. 20 Said tablets

al so have the capability of releasing theophylline

i n an aqueous nedi umover a long period of tine (60%
of active ingredient released in 8 hours) by gradual

di ffusion through the matri x pores. However, this
article does not allow any conclusion to be drawn 25
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phaupaneut wicath frrdnamischihal kawsatbeosad®d separation of

adgkgi%%%ﬁbggi%%rgﬁggxg E gre%h%n%%e% I@%spons1ble for
its sustained release. In addition, it must be possible
for this pharmaceutical form to be produced using an
extremely simple manufacturing method, that is rapid
and low cost.

The applicant has unexpectedly found a novel,
solid, oral pharmaceutical formulation prepared simply
in the form of sustained-release matrix tablets, that
are both insoluble and ultra-hard. With said tablets,
it is possible to prevent the phenomenon of accidental
misuse and to curb and even eliminate the phenomenon of
drug abuse.

The subject-matter of the invention is therefore
water—insoluble matrix tablets, capable of releasing
one or more active ingredients into the body over
extended periods, preferably over periods of more than

12 hours and further preferably more than 20 hours,



psychotropic effect and which are rel eased over an 15
extended period of tine i.e. which has a

pharmaceutical structure which makes both its

crushing and its dissolutiomhighly difficult or

even inpossible, and further which prevents the
extraction and separation of the active ingredient
fromthe agents responsible for 20 its sustained

rel ease. In addition, it nust be possible for this
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20 Under the present invention, the terms deliberate
misuse or drug abuse are used to designate any
intentional deterioration of pharmaceutical forms. In
particular, the notion of drug abuse concerns reducing
the tablets to powder, then inhaling this powder or
25 dissolving it in a small gquantity of liquid for its
parenteral injection.

The term matrix tablet 1is used to designate a
tablet whose inner structure is homogeneous and
identical from the core towards the periphery of the

30 tablet. Therefore the tablets of the present invention
consist of a homogeneous mixture of active ingredient
in powder or granule form and of a compression matrix
containing at least one excipient chosen from the group

comprising sustained-release, water—-insoluble, pH-



conpressed, or of the conpression tooling either

before or during the actual conpression step.

Preferably the tablets conformng to the invention

15 are used to produce pharntteutical fornms capable

of releasing the active ingredient or ingredients

they contain, in particular opioid agents, over a

period of 24 hours, making it possible for these

active ingredients to be taken once-a-day. 20 Under

the present invention, the terns deliberate m suse

or iddegeaderse arEl wsed,t omdesirghat exahyientd erdriconalheir

deferigration of pharmaceutical forms. In

particular, the notion of drug abuse concerns '
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tabl ets of the present .invention COQ§ist of a :
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or o§r amg e afadrimeandnofedi onpr edsicon daési xnot vary in

10 coptaining @ drealn eBBqeXchPLent Ghosenffom the
sust ai ned-rel ease, water-insol ubl e,

group onpriS|ng ,
pH 14 tﬁﬁﬂeb%ﬁ8e<t‘ﬁﬁﬂ?ﬁ?ﬁé?nwWHéFﬁree%cPﬁieﬁ?% Rrgsent
t hepplicatxiar ess UWnedr tbheepigsent benvemnheoronishe tuents
Lesm CUDNERAIN (IR M1Xel e USRO-LO: d80| galig Bl Lhes,
exci pients which 5 take part 1 h the cohesion~of the
t aBPeth B PP EOTIeESs o Atat ANE it§epsERstituents of the
15 watetip tersaldibl ensetd xhas e foeer t aiheiper m@abirkstYon into
(hygdeophidig matrix) or a porous network (inert
matrix) responsible for gradual release of the
act i ve iMglerli RReSehi @bP boext itot, Vidty petiams of crush
ret@dioturdde t hengH condi hhonse9é thedm®dbyfh used to
characterize the tablets. Hardness characterizes the
20 tensile strength of the tablet under a diametral-
compression test. A round tablet is placed between two
jaws, one of which 1is fixed and the other mobile.
Hardness corresponds to the force applied by the mobile
jaw which causes rupture of the tablet into two more or
25 less equal parts. It is expressed in Newtons (N) ou
Kilonewtons  (kN) (see European Pharmacopoeia: ref:
01/2005:20908) .
Crush resistance 1is inferred from measurement of
hardness: it is a parameter which takes into account
30 the surface area of the tablet exposed to the force,
and corresponds to strength per wunit surface area
expressed in Pascals (Pa) ou Megapascals (MPa), 1 MPa
corresponding to 1 Newton per mm?. Crush resistance 1is
a parameter of particular interest to compare the

35 Dbehaviour of tablets with different surface areas,
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The term << conpression mxture >> in the present
application is used to designate all the constituents
of the tablet (the active ingredient or ingredients,
whet her granul ated or not, amd the constituents of
the 15 conpression matrix) before their conpression
into tablet form In the present application, the
notions of crush resistance and of hardness are both
used to characterize the tablets. Hardness
characterizes the 20 tensile strength of the tablet
undenca diagetsahotCcospuessi pecdiede # rinNdmdledter of
| S BLaced HELNeRD S ) AR s oRNG B! G} 19, 12680 o
ang tﬁe ot R&r ~mobi | €. cli‘?\a\ré%ngss gorlrlesponds%teo %Qne owing
forl@e appfi et Doy erRénradbrie of awakdieth ehusesthuptur éhe
of dﬁbﬁetﬁ@ieéoﬂaﬁébslim Rise §r 251L?S§.fﬂuﬁ|N&3{c{(r§Nj J.M.
It Jis_expressed i ons g% newt ons
(sde Eﬁ?g%ea CJF’Ha:Bngll;lg(\o@tﬁoéi 3%%895 ( ?@dos: 20908).
Crush resistance is inferred from neasurenent of
hardness: it is a paranefer wht£h takes into account
30 the surface area of the t,appgl; exposed to the
force, and corresponds to strength per unit surface
aréd "BxpPessed in Pascals (Pa) ou Megapascals (MPa),
1 MPa Roarredpendiirgetoal hebton lperalkin®y 1CadsHin MPa)
@rn ifjterest to
conpare_the 35 behavi our of tablets with di'fferent
sur f aceP aredd’® B amgtRgeCft RS2t r €qui™d recour se
to the paranmdteerthdickneabl ef sh&etadlet c@lncttimat.i on
formilads the fallawng L35 pele s Dot ehdl nabion Qhoy
tabl et strength by the diametral-corpression test
>>«¢ FeftainedrreleRsf on, PILWIes J isphapafl St . desdgnate
( Spolyhi88s 68duti0) hisedRdn 2xtte ) doddtbcdut iWailCAndustry
to control the release of an active ingredient into its
dissolution medium. In the present application, the
sustained-release polymers used are water—-insoluble,
which means that release of the active ingredient into
the surrounding medium occurs exclusively via a
phenomenon of simple diffusion, with no erosion or
gradual disintegration of the polymer. These polymers
effectively have certain permeability vis—-a-vis the
surrounding medium, responsible for gradual diffusion
of the active ingredient out of the polymer matrix.
Therefore the lower the permeability of the polymer,
the more the diffusion of the active ingredient is
sustained.

Under the present invention, the expression pH-
independent ©polymers 1is used to designate those
polymers capable of forming a permeable network or
matrix, and whose permeability is not influenced by the
pH of the surrounding medium.

The tablets of the invention are tablets with very

high hardness (hereunder called « ultra-hard
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Rd is the dianmetral tablet breaking load (in MPa) 10
Fis the hardness of the tablet (in N) Dis the

di aneter of the tablet (in His the thickness of
the tablet (in nm. In the pF sent application, the
expression sustained-release >> polyners is used to
designate 15 polyners routinely used in the
pharmaceutical industry to control the rel ease of an
active ingredient into its dissolution nmedium In

the present application, the sustained-release
poltpeessusied Brel metteredmsel dbbl epchwhheh weaits ¢thathing
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Surspund‘n@ormmhknmlgﬁtyrtablets of the invention are

tabl et STM%]t Baﬂfé‘é’s 36 high; hacdness {hereundes caliledy

<< ultr ard tablets "). Their structure |s suc
théPSPHEP%ech%sffﬁ RS FEPBETenGVERgRY tRY iyt (PH <3) -
comuenti ohatadioseisitiics tmaklenittpees didftdctheito administer

dig nggkggtépbfnr eous nmedium even an acidified

I's practically inpossible. 5 This extrene
hardnes§h¢st%ﬁ%ﬁifEGGbﬁﬁ@nP@Heﬁ§lop|?%?ea%ﬁorﬁ?SOlUble in
f r babialicbyip1 Whicahumpanaithamebhesenhbablkety can be taken

even if alcohol is ingested, thereby avoiding
accidental misuse.

Additionally, the tablets of the invention,
despite their extremely hard, resistant outer
structure, allow sustained release of the active
ingredient or ingredients contained in said matrix. The
tablets of the invention therefore allow release of the
active ingredient into the body over a period that is
greater than 8 hours, preferably greater than 12 hours,
further preferably greater than 20 hours.

Advantageously, the tablets of the invention are
used to produce pharmaceutical forms of opioid agents
having once-a-day administration.

Finally the matrix structure of the tablet
according to the invention, consisting of a mixture of
known sustained-release excipients approved for oral

use and of granules containing the active ingredient,



are a pharmaceutical formof choice for active
ingredients likely to be the subject of drug abuse,

such as psychotropi c agents fgr exanpl e. This very

| ow 10 or non-friability mak the tablets

practically unbreakabl e using conventional or

donestic techniques (spoon, nortar, lighter...)

The tablets of the invention are also practically

i nsol uble in an aqueous nmedium even at |ow pH (pH

<3). 15 These characteristics make themdifficult to
adriisni sttaremeliva gamdst eradll awdade foFhel tsabdaty dfdegierial
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the family of water-insoluble, pH-independent
methacrylic acids, in particular the grades Eudragit®
20 RL 12.5, RL PO & RL 100 & RS 12.5, RS PO and RS 100,
the derivatives of polyvinylalcohols, the polymers of
lactic and glycolic acids (PLGA), starches, waxes,
derivatives of ©polyvinyl acetates, derivatives of
polyvinylpyrrolidone and mixtures of polymers such as
25 the mixture of microcrystalline cellulose and
[polyvinyl acetate /polyvinylpyrrolidone (80:20)] (sold
under the trade name Kollidon SR®) and the mixture of
microcrystalline cellulose and [poly(ethylacrylate /
methylmethacrylate/ trimethylamonioethyl methacrylate
30 chloride) (1:2:0.2)].

Advantageously, the sustained-release, water-—
insoluble, pH-independent polymers of the present
invention belong to the group comprising cellulose
derivatives, the mixture of microcrystalline cellulose

35 and [polyvinyl acetate/polyvinylpyrrolidone (80:20)]



5 or during the actual conpression step.

Advant ageously, the conpression natrix of the

tabl ets conformng to the |n¥ ntion represents 50 to

98 weight %of the total ght of the tablets,

further advantageously 85 and 95 wei ght % of the

total weight 10 of the said tablets. The excipients,

whi ch can be used alone or in a mxture in the

matri x conposition of the tablets of the invention,

can be of organic type; they then belong to the
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0 he excipients present in the compression matrix

of the tablets conforming to the present invention
advantageously represent between 40 and 100 weight % of
the total weight of said matrix, advantageously 50 to
90 weight % of the total weight of the matrix.

25 According to one advantageous embodiment of the
invention, the compression matrix consists of a (1:1)
mixture of two polymers, advantageously it consists of
a (l:1) mixture of microcrystalline cellulose and of
the mixture [polyvinyl acetate /polyvinylpyrrolidone to

30 a proportion of 80:20 (sold under the trade name
Kollidon SR®) ], or a mixture of microcrystalline
cellulose and [polyethylacrylate/methylmethacrylate/
trimethyl-amonioethyl methacrylate chloride in
proportions of (1:2:0.2)]. Advantageously, these two

35 polymers each represent a weight proportion in the



[ pol y(et hyl acryl at e/
nmet hyl net hacryl at e/ tri net hyl anoni oet hyl net hacryl ate
5 chloride) (1:2:0.2)]. The ci pients of the
conpression matrix can al so e of mneral type: they
then belong to the group conprising calcium
phosphates (in particular dicalcium or tricalcium
phosphates), alum niumand silicon 10 silicates, and
magnesi um car bonat es. The conpression matri x of the
tabl ets according to the invention can
adeageagebudly scordsitdte dgfotalniwetighe off ssdercsimpgfession
t hgzaboye- nenti oned excipients. It may be a mxture
of organi c polyners .such as mcrocrystalline 15 :
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20 thereof:
(a) a substance which irritates the nasal and/or

cellulose
e O#

one the following substances (a) to (f) or a mixture

pharyngeal tracts,
{b) an agent increasing viscosity, allowing the
formation of a gel when the tablet 1is
25 dissolved in a minimum amount of water,

(c) an antagonist of the active ingredient(s)

which may be subject of drug abuse,

(d) an emetic substance,

(e) a colouring agent as aversive agent,

30 (f) a bittering substance.

If the active ingredient is a natural or synthetic
opiate derivative, the antagonist 1s advantageously
chosen from the group comprising naloxone, naltrexone,
nalmefene, nalid, nalmexone, nalorphine and naluphine,

35 these different compounds each being either in a



order of 40 % of the total weight of said conpression
matri x. The conpression matri x can advantageously, in
addition to the excipients of the conpression matri X,

5 contain one or nore exci pi%‘ﬁts i ntended to pronote
the conducting of the conpression process such as

anti- adherent agents e.g. colloidal silica, talc,
magnesi um stearate, Polyethylene dycol (PEG or
calcium stearate, or to pronote cohesion of the

tabl ets on 10 conpressing such as binders
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substance. |f the active i ngr edient is a natural

or
synt het 1% Hpi‘at% '@EFPdarrve, CoRe* Hithgdhiste itgblets of
15 advhat ageausion  cdro$en pireeent hén gaow pf coniriccim@ o those
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nagolpn e and, naluphine,
The tablets conforming to the invention may
contain one or more active ingredients which may be of
20 any type. Advantageously those active ingredients are
chosen which are intended to be controllably released
into the body i.e. over periods of at least 8 hours and
preferably more than 12 hours, further preferably more
than 20 hours.
25 Preferably, the tablets of the invention are used
to produce once-a-day pharmaceutical dosage forms.

In particular, the tablets of the invention are
fully adapted for the sustained release of active
ingredients which may be given drug abuse and/or more

30 generally any active ingredients whose rapid or
immediate release into the body caused by tampering
with the pharmaceutical form could be dangerous or
fatal for the consumer.

Therefore, the tablets conforming to the invention

35 are preferably used for the sustained release of active



35 these different conpounds each being either in a

20 pharmaceutically acceptable form in particular a
base or salt, or solvated f {ﬁ] These ant agoni sts

are present in doses conventtonally used, in
particular to the proportion of 0.5 to 100 ng per
tablet. 5 I n one advant ageous enbodi nent of the

i nvention, said antagonist agent is nal oxone or one

of its pharmaceutically acceptable salts. The

tabl ets conformng to the invention are therefore of
partniocelaent at éredsngasyr eser voier stdnily 10fack$yehotropic
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The present invention also relates to alkaloid
20 derivatives, whether natural or synthetic, having a
psychotropic effect such as cocaine or heroin.

Finally, the present invention also relates to any
substances currently used for therapeutic purposes to
treat addiction to opiate drugs and/or as substitution

25 and disintoxication treatment, such as methadone and
buprenorphine for example, highly subject to drug
abuse.

In general, the present invention can also be
considered for all other therapeutic <classes of

30 medicinal products that are currently the subject of
drug abuse, in particular neuroleptics, tranquillizers,
hypnotics, analgesics, anxiolytics, and in particular
the class of benzodiazepines.

The active 1ingredient(s) in the tablets of the

Q

35 invention can represent between 5 and 70 weight % of



fatal for the consuner. Therefore, the tablets
conformng to the invention 35 are preferably used

for the sustained rel ease of _active 21 ingredients

bel onging to the famly of pg%chotropic agents i.e.
capabl e of acting on the psyche by stinmulating,
tranquillizing or hallucinogenic effects. Therefore,

the active ingredients which can be 5 used under the
present invention are preferably derivatives and/or

al kal oi ds of opium whether natural or synthetic,
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skilled in the art and may vary in relation to the
type, quantity and fragility of the active
20 ingredient(s) to be deposited. Therefore depositing
(coating) can be made by spraying a solution or
suspension of the active ingredient(s) onto the surface
of the neutral carrier, or by spraying the active
ingredient(s) in powder form onto the surface of the
25 carrier previously moistened with a binder solution.
The granules of active ingredient(s) may also be
obtained by dry or wet granulation of the active
ingredients of interest, generally in the presence of
at least one binding agent and optionally a wetting
30 agent, depending on techniques, here again well known
to those skilled in the art.
The granules thus obtained are mixed with the
excipients of the compression matrix, and the mixture

is then compressed.



drug abuse, in particular neuroleptics,
tranquillizers, hypnotics, anal gesics, anxiolytics,
and in particular the class,of benzodi azepi nes. The
active ingredient(s) in the +3blets of the 35
i nvention can represent between 5 and 70 wei ght % of
22 the total weight of the tablet. Advantageously
the active ingredient(s) represent 10 to 50 wei ght %
of the total weight of the tablet. The active
ingredient(s) can be added directly to the m xture
to be cHmpressmtic®adodeadneascafr iee stfketgbtainforming
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15 actonveressapedi ent (s) in powder formonto the surface

of the 25 Lans,i erafy@uoushysmisd enegod il bi peer the
solution, The granul es of.actlge i ngredi ent(s..) may. . .
al $BYHe" L Ybt e By Odr 161 "Het D gramut @ i Giv S ieRE Wi

actheeexcngieunti ent sobf that epeptresgenermbtyixn then dry-
pr§§eQQ§r%hanulating this mixture to obtain directly

20 compressible granules.

The tablets conforming to the invention can be of
any shape and size allowing tablets of high hardness to
be obtained. Advantageously the total surface area of
the tablet is less than 150 mm?2.

25 The present invention is therefore suitable for
the production of tablets with either low or high doses
of active ingredient.

According to one particular embodiment of the
invention, the tablets can be film-cocated with an outer

30 coating which those skilled in the art will know how to
adapt in relation to needs and the intended function of
this coating.

For example, the outer coating can be applied for
the purpose of protecting the active ingredient, if it

35 is a labile active ingredient sensitive to the low pH



at | east one binding agent and optionally a wetting

30 agent, depending on techniques, here again well

known to those skilled in the art. The granul es thus
obtained are m xed with the éXC|p|ents of the
conpression matrix, and the mxture 1is then

conpressed. 23 The excepti onal hardness of the

tabl ets conformng to the invention can be obtai ned

wi thout it being necessary to apply a heating step,
before or during conpression, either to the mxture
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skilled in the art, used either alone or in a mixture
for the different functions listed above.

The excipient(s) used for coating are applied in a

20 manner known to those skilled in the art, in the
necessary quantity to obtain the desired function(s).

These excipients can be applied to the surface of
the tablet in conventional manner by spraying a
solution or suspension of coating agent in a solvent,

25 1in a perforated pan or fluidized bed for example.

The present invention also concerns the method to
manufacture the tablets of the invention. This method
comprises the following steps:

- mixing the active ingredient (s) with the
30 excipient (s) of the compression matrix,
- optional granulation, and
- compressing said mixture under conditions chosen
so that said tablet has a crush resistance of at
least 4 MPa, advantageously at least 6 MPa,
35 - optional coating of the tablet.
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outer 30 coating which thosg skilled in the art wll
know how to adapt in relatio 3to needs and the

i ntended function of this coating. For exanple, the
outer coating can be applied for the purpose of
protecting the active ingredient, if it 35 is a
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20 Compression is performed on a rotary compressing
machine with pre-compression station. The compression
parameters must be chosen so that the hardness of the
tablets obtained is adapted to the present invention.
However, it is not necessary to apply any heating step

25 either before and/or during compression to the mixture
to be ccompressed or to the compression tooling, for the
purpose of achieving the exceptional hardness observed
with the tablets of the invention. The applied
compression forces lie between 10 kN and 160 kN,

30 advantageously between 30 kN and 80 kN. They are chosen
to be compatible with the punch material and so that
they can be used at industrial production rates, whilst
allowing tablets to be obtained whose tensile strength
is greater than 4 MPa, and preferably greater than 6

35 MPa.



The present invention also concerns the nethod to
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conprises the followi ng steps; - mxing the active
ingredient(s) with the 30 eXtipient(s) of the
conpression matrix, - optional granulation, and -

conpressing said m xture under conditions chosen so
that said tablet has a crush resistance of at | east
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t herpf esent of nveptodone matrix tablets according to the
invention in an ethanol-free 0.1 N HCl medium, and in a
20 0.1 N HC1l medium containing 40 % ethanol such as
measured according to example 4.
Figure 5 illustrates the dissolution profiles of
oxycodone matrix tablets conforming to the invention in
two dissolution media of different pH (1.2 and 6.8)
25 following the operating mode described in example 4.
Figure 6 1llustrates the 24-hour dissolution
profiles of 40 mg oxycodone tablets according to the
invention, after a storage period in alu/alu blister
packs under accelerated stability conditions of 1
30 month, 2 months, 3 months and 6 months under the
conditions of example 4.
Figure 7 1llustrates the 24-hour dissolution
profiles of 20 mg oxycodone tablets conforming to the

invention, after a storage period in HDPE bottles with



However, it is not necessary to apply any heating

step 25 either before and/or during conpression to

the m xture to be conpresseg or to the conpression
tooling, for the purpose of 5chieving t he
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ac@ﬁVGPﬂbl?% é§% |%t4PH ,8, for whole tablets, tablets

cut in half or crushed tablets (« in pieces »)
Figure 12 gives the dissolution profile of

20 microgranules of hydromorphone in an aqueous medium
(0.1 N HCl) wunder three conditions of dissolution:
without ethanol, in the presence of 20% ethanol and in
the presence of 40% ethanol, for 4 hours according to
the conditions of example 9.

25 Figure 13 gives the dissolution ©profile of
microgranules of morphine sulphate in a dissolution
medium of pH 6.8 without ethanol, at pH 6.8 in the
presence of 20% ethanol, and at pH 6.8 in the presence
of 40% ethanol for 12 hours, according to example 10.

30 Figure 14 illustrates comparative dissolution
tests between ultra-hard tablets of morphine sulphate
conforming to the invention, and commercially available
tablets of morphine sulphate (Avinza®) in the presence

of : A) 20% ethanol in 0.1 N HCl medium, or B) 40%

35 ethanol in 0.1 N HCl medium, according to example 10.



Figure 5 illustrates the dissolution profiles of
oxycodone matrix tablets conformng to the invention
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6.8) 25 follow ng the operat? g node described in
exanple 4. Figure 6 illustrates the 24-hour

di ssolution profiles of 40 ng oxycodone tablets
according to the invention, after a storage period
in alu/alu blister packs under accelerated stability
conditions of 1 30 nonth, 2 nonths, 3 nonths and 6
nmont hs under the conditions of exanple 4. Figure 7
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medi umOxycodone is added to the fluidised bed and placed
in sustentation. The binder solution is sprayed onto

20 the powder which aggregates to form granules. Water is
progressively removed by evaporation and after a final
drying step. The final drying step in an oven (16 hours

at 60°C) is conducted to obtain an acceptable final

water content (less than 6%).

25 The proportions of HPMC and oxycodone are given in
Table 1.
Table 1
Batch n® of XOXY4979
granules
. o Wt. in grams
Ingredients Percentage [%] /batch
Oxycodone HC1 95.13 500.0
HPMC (Pharmacoat®

606) 4.87 25.6
Purified water - 336.9
Total (dry) 100.0 525.6
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1.2. Preparation of the compression matrix
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progressively renoved by evaporation and after a

final drying step. The final drying step in an oven

(16 hours at 60C) is conducéﬁd to obtain an

acceptable final water content (less than 6% . 25

The proportions of HPMC and oxycodone are given in

Table 1. Table 1 Batch no of X0XY4979 granul es

I ngredients Percentage [ W. in grans /batch

Oxycodone HCl1 95.13 500.0 HPMC (Pharnmacoat(r) 4.87

25.6 606) Purified water -- 336.9 Total (dry) 100.0
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The proportions of each of the excipients are

summarized in Table 4.

Table 4
Batch number XCOX5009
i Weight
Ingredients Percentage [%]
(mg/tablet)
Oxycodone granules
19.83 44 .62
(lotX0OXY4979)
Kollidon® SR 39.74 89.40
Avicel® PH102 39.73 89.40
Syloid® 244 0.20 0.45
Magnesium stearate 0.50 1.13
Total 100.00 225.00

1.3. Compression

The compression step of the final mixture obtained
in the preceding step is conducted on a compression
press (PR-12, Sviac) with a compression force of 35 kN

using oblong punches 11 mm x 5 mm. Compression is

20 conducted conventionally, without the mixture to be

compressed or the compression tools being subjected to
a heating step either Dbefore or during the actual

compression step.
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in FABERE 4 Table 4 Bat-ch—hurper—XCOX5609-21Y
I ngtedzentrgn)Per cent age Weight| [o] (nmo/llabt ét)
Oy todone, granglgs 19.83 44.6p (1ot XOXY49/9)
Kol Frdon{r)—SR3974 89460
Hardness (N) 381
Crush resistance (MPa) 6
Friability (%) 0.0

The tablets obtained following Example 1 have very high
crush resistance, 6 Mpa, and zero friability, without
there being any need to heat the matrix constituents or

the compression press before or during compression.

1.4. Dissolution profile of the tablets obtained

according to Example 1

The tablets obtained according to Example 1 have
hardness and friability characteristics which make them
practically unbreakable, meaning that they are
excellent candidates for a pharmaceutical medium which
can limit abuse thereof by crushing.

Additionally, the applicant has evidenced that
these tablets are practically insoluble in an aqueous
medium, even if acid: on completion of the dissolution
tests (over 24 h) the tablets remain intact at the
bottom of the dissolution vessel, both in a pH 6.8

buffered medium, and in a pH 1.2 acid medium.
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The results of the dissolution tests are
summarized in Figure 1.

15 Unexpectedly, it is observed that the tablets of
the invention, even though they are insoluble,
nevertheless have the capacity to release the active
ingredient they contain over an extended period, i.e.
over periods of more than 8 hours, preferably more than

20 12 hours, and further preferably more than 20 hours.

Said tablets are therefore of particular interest
for the production of pharmaceutical forms of « Once-a-
Day » type, i.e. only requiring one administering per
day.

25
Example 2: Manufacture of tablets containing granules
obtained by granulating oxycodone and 6.46 % HPMC and
containing a compression matrix consisting of a (1:1)
mixture of two excipients (microcrystalline cellulose

30 and PVA/povidone 80:20)

In this example, the applicant sought to determine
the influence of the quantity of binder used during the
granulation step on the dissolution profile of the
tablets.
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rpm(Ty aratus _in _accor
ATSEPER esPh%rﬁﬁEﬁﬁﬁ@“ﬁPGSPT?@}e ¥he di ssol ution
medi umis continuously anal ysed by 10 chromat ography
(HPLC) with UV detection. TF%r e%ch sanpl e,

A £
nmeasur efrfent—+s—perforre of—at—teast

The resulellet Ritechdinssdl ution t et YH1E3 summari zeld

in Figure 1. 15 Unexpecte¥gﬁ@edgades obsepxegnthat tjhe
tabl et$ of Ingthediantenti gn

vaoacaal

nevert hel es
pevelrt-ei-6s

i nsol ubl-e;
t he act

Oxecodargr eddilent t

ha#éfihe_c

hey980%4 ai n

ugh {hﬁ¥ are

over5$m.@xtende

se
d

o cf or b1 IE s P65 hows, and furdhe
prefera@@J nor e than 20 thours. _ Saild tablets are
t her ef pper Of i eARdaitew ar |i nterest flor t hggproducti dn
e i N T s . R
10 The mixing and compression steps are then
conducted following exactly the same parameters as in
Example 1, using the same qualitative and quantitative
formula.
The characteristics of the tablets obtained
15 according to Example 2 are summarized in Table 7. The

mean values correspond to the mean calculated per 10 or

20 tablets.

Table 7

Batch n° of tablets XCOX5111
Weight (mg) 227.0
Shape Oblong
Size (mm) 11 x 5
Thickness (mm) 4.2
Hardness (Newtons) 397
Crush resistance (MPa) 6
Friability (%) 0.0




day. 25 Exanple 2: Manufacture of tablets containing
granul es obtained by granul ati ng oxycodone and 6. 46
% HPMC and containing a conpression matrix
consisting of a (1:1) mxtu ¢ of two exci pients
(mcrocrystalline cellulose 30 and PVA/ povi done
80:20) In this exanple, the applicant sought to
determine the influence of the quantity of binder
used during the granulation step on the dissolution
profile of the tablets. 33 The granulation step is
identical to the step described to produce tablets

confor mrng Qb Ex@dmbis: slinedMA 1€ n 0t§a§%§§p§|§ﬁbw very
that this ti t he %uantlt of i nder

PharrRedat ¢y 606F SS 87487 wei Yt 04-6¢ %hé@é‘ t ofaf zero
weifgheboflithe gramul ésatThg cospgsi t ibefoak t hese during

SQr%%Hb§§sls§o§umr|ﬁ§geé r-E)abll:S ijt-gq.kﬁl t%@%ehf %uch

bat ch" no XCXY5103 | ngredi ents Percentage
(gFBAEERFSExycodone HCL 93.54 590.5 HPMC
(Phar matbhat Gt 3s6146i40. Brob06y &oricheed wabeets- is then

48%E%er£9£3& %grgkségg?%d6§$ %xéggg lﬂl&%l% %ﬂ%flle is

npression s con ed fol
ex&éﬂP?tFﬁéeéaﬁﬁmﬁﬁTéheters as in Exanple 1 usi ng
10t he sanmenhgualibhattyeoandiguant rufs@tal ves forala. inf&ence

cAETERerLaLLea, O s AnReLs SR )05 pegorina
Example 3: Tablets obtained according to Example 2,
film-coated with an outer coating of Aquacocat® ECD-30
15 (Ethylcellulose)

In this example, an assessment 1is made of the
influence of an outer coating applied to the oxycodone
tablets obtained following Example 2. Here again, no
heating step was applied either to the mixture to be

20 compressed or to the compression tooling, whether

before or during the actual compression.

1. Preparation of the tablets
1.1. Sub-coating
25 Prior to coating with the actual polymer, a sub-
coating step is applied to the tablets obtained in
Example 2.
This sub-coat is intended to improve the surface
condition of the tablets. It consists of a mixture of
30 HPMC (Pharmacoat® 603), an anti-foaming agent
(Simethicone, Dow Corning), a lubricant (micronised
talc, Luzenac (Univar) and anti-static agent (Syloid
244, Keyser & McKay), the HPMC representing a weight
gain of 3% relative to the total weight of the uncoated
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15

mean val ues correspond to the nean cal cul ated per 10
or 20 tablets. Table 7 Batch no of tablets XCOX5111
Wei ght (ng) 227.0 Shape blgng Size (nm 11 x 5

Thi ckness (m) 4.2 Hardness>fNewtons) 397 Crush
resistance (MPa) 6 Friability (%9 0.0 34 The

tabl ets obtained foll ow ng Exanple 2 show very strong
crush resistance, equal to 6 Ma, and zero
friability. No heating step before or during 5
conpressi on was necessary to obtain tablets of such
hartdidss s . TReedpsspbutions poHf eheh oL t heseetahdsirstd sare
thenyedetgr hped @s described in Exanple 1. This
profile is illustrated figure 2. 10 The quantity of
bi nder used has little influence on the release

ki neti cs which extend overra2deh.8 Exanpl e 3: Tablets

ot agned, a&eq&glng to Exanple 2, filmcoated wth an

oyt er coating of [Aquacoat(r) ECE®RX5115.1
( thylééhl%t%se) ln this exanple, an assessnment is

nmgde of the influqng%eg&age cuhgrhqoatb@g appwég%hgo
t He éRgE@@mmﬁstablets opt ai ngd fO||0MAng Bxa

g ggg: A—HhRo Ikaﬁfl nqu St an was arn(‘\g% arl al rﬂgg/i%biet
tk@abﬂgtare to bg 20 conpressed or to the conpre33|on
tcgbb&gll@hether befomﬁgﬂg dLrlqgobh% actLaI227 00

C(.n%l cSS51 Ofl. BT cpdal atTon UI I.IIC I.d.UI ets

Syl Mﬁaﬁﬁgﬁ)?ﬁ Prlior tc-&%ating w3 -Ohe a tual6 81

als me&hlaoﬁ@b-

P (iry weight) 0.01 0.1 0.02
Talc 0.86 9.0 2.03
Syloid® 244 0.29 3.0 0.69
Purifd. water™ N/A 308.5 N/A
Total (dry) 100.00 1042.07 234.5

**Note: the water is removed during the process; N/A:
Not Applicable
This sub-coating is performed in conventional

manner in a perforated pan (Trislot).

The parameters for the —coating process are
summarized in Table 9.
Table 9
Batch n° of tablets X0XY5112.1
Input temperature (°C) 38
Output temperature (°C) 32
Pan rotation speed(rpm) 15
Air flow rate (m®/h) 150
Spray pressure (MPa) 0.12
Spray rate (g/min) 2.0-2.6




coating step is applied to the tablets obtained in
Exanple 2. This sub-coat is intended to inprove the
surface condition of the taglets It consists of a
m xture of 30 HPMC (Phar mac Qt(r) 603), an
anti-foam ng agent (Sinethicone, Dow Corning), a

| ubricant (mcronised talc, Luzenac (Univar) and
anti-static agent (Syloid 244, Keyser & MKay), the
HPMC representing a weight gain of 3%relative to
the total weight of the uncoated 35 tablets. The
proportilods &pbasimé of the excipients are given in

Tab' e 8rnhlabl e B B@é&’@l gk tak %§e ]ylzsﬁlrb coated
nts Percgntag;} ght /_pan W g 1%9 (g
(MeAEd 15 FRbE BrEOkC I FE 05708 208870 (3574 b -

HPI\/C (608xt2n88 i30.d>slu@t edSivreitrh conea@udédud. di pdPsion

s(dfd& V\B'e%é;)lc@'lﬁlgséﬁ 9(%&9@51;@33/"\'7%%9(«5@ 24‘21\2@29 the

uri f
10@”@@0f649n0?f2%ﬁh510%1lk&lr%%tee rPRESRAL R $- 8

durdfng‘d’.hhae poeeess wellgAt  biot  Appl | eab)t@dThtéblets The

USSR PRI AV EILLENeL S, T e .
coétF § prlocd¥s Cara@aidumber i SRafFiifi cTdislad i9g step of the

10 tablets was performed, either Dbefore or during

application of the sub-coat or the actual coating.

Table 10
Batch n° of tablets XC0X5112.2

Ingredients Percentage [ weight / pan

[%] (9)

Tablets of batch XCO0X5112.1 95.75 1042.09

Aquacoat® ECD-30 (sec) 2.87 31.24

Dibutyl sebacate 0.69 7.51

Talc 0.52 5.66

Syloid® 244 0.17 1.85

Purified water™ N/A 185.04

Total (dry) 100.00 1088.35

15 **Note: the water is removed during the process; N/A:
Not Applicable

The parameters of the coating ©process are
reproduced in Table 11.
20
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20

Tabl e 9 Batch no of tablets XOXY5112.1

| nput

tenperature (C) 38 Qutput tenperature (C) 32 Pan

rotati
Spr ay
15 36

previ ously sub-coat ed
perforated pan (Trislot).

on speed(rpm 15 Air fI?
pressure (MPa) 0.12 Sﬁ
1.2. Coating The act ual
tabl ets

w rate (nB/h) 150
ay rate (g/mn) 2.0-2.6

coating of the
is perfornmed in a

Coating is conducted using

an aqueous di spersion 5 of ethyl cellul ose
(Aquacoat (r) ECD- 30, FMO) the

ethyl cel l ul ose representi Aigb2e871wei ght %

proportion of
of the

total | weiBghiclofnt hef cadtedst abllets. Theoxpriagparti on
of the dinbi.er eBhp8xstPreNix) s[given in Jable 10.
Fete FORRToulOcSRECLILE STy STEp OT L 10
L Ul ITCT DCT UT C— U1 o1 ||9
appl | bAAPoACGE LD e d JLPT, | i
Tabl e[ 10284t EROHOTAEST ARI/E)s XOOX5112. 2 l1ifAgredients
Per cent ageresi ghesgupan(MBEY (§) Tabl et SO.0f2 bat ch
XCOX5[L12. $p2hy 7bal®d4?2y QPin)Aquagoat (r) ECE-300(sec)
2.87 pl.24 Tahuty sseBacate 069 7. S-dalg; P57 5.6
'Sl%lt g: 2t glt[‘)': *E?b\tﬂgl e; “c7é\vvabcmos >
ping rpuﬁé%,tem@ramcgci Chy Not_Apdid cabl e
“Product. temperature( C) 60
Pan rotation speed (rpm) 3
Air flow rate (m’/h) 140
Time (hours) 24
1.3. Curing step
This 1is conducted in a perforated pan
coating, for 24 hours at 60°C to allow stabilization of
the film coating.
The tablets undergo an extended curing step
months) at 40°C and 75% humidity to increase their

hardness and to prevent their crushing by conventional
techniques

conventional but more

(under a lighter or spoon)

efficient techniques

pliers or hammer for example).

of

of the active ingredient is maintained with more than

90%

The tablets thus hardened have a hardness greater
than 500 N,

which is equival
more than 7.4 MPa. Under
of

active 1ingredient

illustrated figure 3.

Exemple 4:

oxycodone tablets

are prepared (technical batch n°

Coated,

sustained-release,

ent to a crush resistance

these conditions,

released over 24 h

Coated alcohol-resistant and pH-independent

XCOX5111).

after

but also by less

(mortar,

release

40 mg oxycodone tablets
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The paraneters of the coating process are reproduced
in Table 11. 20 37 Table 11 Batch no of tablets
XCOX5112. 2 | nput tenperaturg (C© 40 Cutput
tenperature(C) 34 Pan rotat ®n speed (rpm 15 Air
flowrate (nB/h) 140 Spray pressure (MPa) 0.12

Spray rate (g/mn) 1.5-2.0 Curing step XCOX4976. 2

I nput tenperature (C) 75 Qutput tenperature (C) 65
Product tenperature(C) 60 Pan rotation speed (rpm 3
FAir flowrate (nB/h) 140 Time (hours) 24 1.3.

Curing 3sepn Thkamilse dondbet edyvicndanpet § of ated gpaamulated
af tiar 5 51@9@4éé@%afﬁ”béé4(@@@@§ at n60fet Or&dd AW of water
stabilization of the filmc ing. The tablets

un@8fgd Bh SRR EMRED T uiiERG §3gg (3 nonths) at 40C

and 75% hum dity to increase their hardness and to

pravent ptbghfa Cidts NGy taBRyent i onal 10 techni ques
(under _a |1 hter or spoon) but al so by I|ess

coffvénti oREEPIRALIRG é’feftF‘iecFé’ﬁPr?éﬁhﬂ? RSt ¥ror t ar
pliers mr hﬁﬂﬂﬁnxﬁﬂkeexaﬁplehucheryabhEISnéhU&ellulose
haﬁgsgggl@ayﬁlﬁzha%ﬂ@?s%ngr %ﬂﬁu&gﬁggso%f!ca k§i901d®

is equival ent” 0" a crush
7. 44fPaKeraer &t Pﬂ@s@addnm% |%m@nec} elagecypichaixer (AR

10acuoye i ngeedient is axi nt apngEnw t hapor e 4 ammn.90% The

15

20

Ofp8$§b¥§yigggégyé?ybvﬁ%%ggse%ig S£e24(503§0) (Kollidon®
SR, BASF) and the oxycodone granules are added to the
previous pre-mixture and homogenization is conducted in
a cubic mixer for 15 minutes at 40 rpm. Finally, the
lubricant (magnesium stearate, Quimdis) intended to
limit adherence and compression friction is added to
the previous mixture according to the mixing
parameters: 3 minutes at 40 rpm.

The quantity of granules used is determined so as
to manufacture tablets containing 40 mg oxycodone.
The proportions of each of the excipients are

summarized in Table 12 below.

Table 12
Batch number XC0OX5111
. . Percentage Weight
Ingredients Function (%] (mg/tablet)
Granulated
Oxycodone HCL)_ ..o 20.25 45.56
granules .
ingred.
Kollidon® SR |>ustained- 39.53 88.93
release agent
Avicel® pH102 |SusStained- 39.53 88.93
release agent
Syloid® 244 Flow agent 0.20 0.45
Magnesium Lubricant 0.50 1.13
stearate
Total 100.00 225.00




illustrated figure 3. 20 Exenple 4: Coated

al cohol -resi stant and pH i ndependent oxycodone

tabl ets Coat ed, sustai ned- reggase 40 ng oxycodone
tablets are prepared (techni bat ch n XCOX5111).

38 As in Exanple 1, the oxycodone is first

granul ated in a quidised air bed (GPCGL) in the
presence of water and a binding agent (HPMC 606). 5
4.1. Preparation of the tablets 4.1.1. Preparation of
the compression matrix A pre-m xture of

m crocrystalline cellulose (Avicel(r) PH102, FMO
andupiezlnkﬁ@&edsgbhlca (SyloYd(r) 244, Keyser & M
Kay) is formed in a cu A@ 10.401, Erweka %

o) 2 e EOFBEP Bt AR e Sty RACaRafekpOvF donba ined
nixhureh¢8®r2©FdQKglmt@@nJjSRpoB@&E@e@ndnthe compression
5oxm<&oyew@<tqaul 891 8¢ adsed 4 Qdfees asw PUPoe of 35 kN

pre-mn xtu honpgeni zation is conducted in
cubit A ﬁéﬁomr PEBCPﬁﬁuW%%SeatSlmsr g BLHSRI yn *flh% gaple
| ubirdleant (magnesi um stearate, Quindis) intended to
|imt adbgeeace: and 1%0”112&?5%1%& f &hcteo%enscl%%%%d hhner

the previous mxtu
pararfdodits: e Bthfhutes d?”ﬂ@“ﬁbn?oTﬁ@ q9@%@¥%%ﬁ%ﬁ or the
IOgranmﬁ&ss&sed t8oleher BeNeg §@b?§ctéﬁ)ﬁd)iﬁmbﬁﬁﬁﬂqﬂétep,
0 ng. 4 0 codo The ort|o
{PTSLA oL 200N AP oL, TREREOEOLL) O
beI ow. TaBl eabd emst &PW@WQX@(STM qx»g:@mn@nt@btamed

Fungttieen Prisendwge Wekvght thd UrdiMwtidll etharacteristics
Granul%ted Ckycodone %{ghgrqﬁules active 20.25 45.56

hich af¥e given in
15
Table 13

Batch n° of tablets XCOX5111
Weight (mg) 225
Size (mm) 11 x 5
Shape oblong
Thickness (mm) 4.2
Surface area (mm?) 55
Hardness (N) 350
Crush resistance (MPa) 5.2
Friability (%) 0.0

It is therefore ascertained that the tablets

conforming to the invention have very high crush
20 resistance, of more than 5 MPa.

Other tablets containing a dose of 20, 40 and 80
mg are produced using a different process: the
oxycodone granules are prepared in a high shear
granulator. The mixture to be compressed is prepared as

25 described for Examples 1 and 2. The tablets are

compressed on a SVIAC PR12 rotary compressor, using
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20

25

ingred. Kollidon(r) SR Sustained- 39.53 88.93

rel ease agent Avicel (r) PH102 Sustai ned- 39.53 88. 93

rel ease agent Syl oYd(r) 244 FbOM/agent 0.20 0.45

Magnesi um Lubri cant 0. 50 1. 140 stearate Total 100.00

225.00 39 4.1.2. Conpression The conpression step of

the final mxture obtained in the preceding step is

conducted on a conpression 5 press (PR 12, Sviac)

under a conpression force of 35 kN using obl ong

punches whose sizes are given in the table bel ow
Comprlesgi opuneherer Pér nddt feresonventeonalepsmdiielg on  the

Wi td@)%'éts Rt hRr mbhe FAbXLYEE, t Onder CONPERSSELL QI I ce in
onp SSIO L$O|In%?qﬂhng subjected to a heating
té&? ?ﬁe? bef or® ring the actual conpression
step. Theitabhgtscezbntiad oAl igrsoxyeodaiven in Table

obtjai ped after this step have the follow ng
characteristics which are given in Table 13: 15
Tabl e 13 Batch no of tablets XCOX5111 Weight (nm)
225 Size (mm 11 x 5 Shageleblong Thickness ()
4.Pp Surfdc ?ﬁgﬁgg m®) 55 Hardness (N) 350 Crush

repi st ancd 2 Size Hardness (Crush
Dose weight

L x W x Thickn. resistance)

20 mg 175 mg [11.0 x 5.0 x 3.8 mm| 300 N (4.9 MPa)

40 mg 225 mg [11.0 x 5.0 x 4.2 mm| 350 N (5.2 MPa)

80 mg 325 mg [13.0 x 6.0 x 4.5 mm| 400 N (5.6 MPa)

The tablets thus manufactured all have excellent
crush resistance, which is greater than 6 Mpa
irrespective of their size, even though at no time
during the process was it necessary to heat the
constituents of the tablets or the compression tooling
to increase their hardness and resistance.

The « bare » tablets containing 40 mg of active
ingredient after the compression step are then coated
with a coating intended to delay their release profile
into the body.

4.1.3. Coating

Coating of the tablets is conducted in a
perforated pan (Trislot).

Coating uses an agueous dispersion of
ethylcellulose (Aquacoat® ECD-30, FMC) the proportion
of ethylcellulose representing 2.87 weight % of the
total weight of the coated tablets.

A curing step of the coating film is carried out

in an oven at 60°C for 24 h.
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Friability (%9 0.0 It is therefore ascertained that

the tablets conformng to the invention have very

hi gh crush 20 resistance, of nore than 5 MPa. O her
tabl ets containing a dose of #b0, 40 and 80 ng are
produced using a different process: the oxycodone
granul es are prepared in a high shear granul ator.

The m xture to be conpressed is prepared as 25

descri bed for Exanples 1 and 2. The tablets are
conpressed on a SVIAC PR12 rotary conpressor, using

40 obl &hg pupehesigf afi fifher elitf forzes depepdémigs cmd the
theyerdeses £OrMe Manuf acidir edacdnder @ KAPEESSERBd  are
force in, the rder of 10 to 15 kN. Their physi cal
ch&dECerPstrRLeat2 RV in Table 5 14 bel ow Tabl e
14 Tabl et Dose wei ght SiZebHardmess (Crush L x Wx

Thi ck &g&h%tgnce) 20 ng 175 ny 1%CBX§1§2O X 3.8 mm

I\ DD ey 11 Lo MR-V N ml A
3( vira) FU 1Y |20 Ty 1 1. U N =0 2 TN OJU

NL(5 2 I\/Pa\ 80 ny 325 ng HSreenay0 x 5m@mv( YL N
(3. B MonEheDiabbets) t|hus manuf agt ur e all haye og

excell en rusn regi stance, Ircn|s reater nan
6 Hvpa &ﬁyé éﬁﬁlwﬂ ofltheirsilzé” eveh tgough%aggnn

tijme ﬁunungohhSR®rocess was i36.8ecesspry to B®ar3t he
COhStI%H%%%ﬁ 9&1559 tatlets or%ély% cowore33|0%9 73

[
tUUI [ILLLY) I.U Frercasc l.ICII maronesSS—ang—Te€st Dl. ance:

1% TMeoresiaresssarabtetls cont aithi4Pg 40| ng of aétide
i mgr edi emtpmaf ke the cqnpressignztep pre thengcgat ed

(@)]

IE N B B M Ve
Aquacoat ECD 30 (vs) .87 7.08
DBS 0.69 1.70

Micronised talc 1.35 3.34
Syloid 244FP 0.63 1.57

Total 100.00 247.06

Other uncoated tablets containing doses of 20, 40,
80 and 160 mg are also coated following the method
described above.

Their physical characteristics observed after

coating are given in Table 16 below:
Table 16
Tablet .
) Size Hardness
Dose weight
L x W x Thkn. (Crush resistance)

20 mg 175 mg |11 x 5 x 3,8 mm 440 N (7.3 MPa)
40 mg 225 mg |11 x 5 x 4,2 mm 500 N (7.4 MPa)
80 mg 325 mg |13 x 6 x 4,5 mm 570 N (6.5 MPa)
160 mg| 575 mg |15 x 7 x 5,8 mm 800 N (6.3 MPa)




Coating of the tablets is conducted in a perforated
pan (Trislot). Coating uses an aqueous di spersion of
et hyl cel | ul ose (Aquacoat (r) g 30, FMO) the

I

proportion 25 of ethylcellu

se representing 2.87

wei ght % of the total weight of the coated tablets.

A curing step of the coating filmis carried out in

an oven at 60C for 24 h. 41 The proportion of the

di fferent excipients and the general formnula of the
coated tablets obtained are given in Table 15 bel ow
Tabl e 15hBatteh Lied sXCOXE] IpanPeremeager iy iaabl ekcellent

Ocysadone (IMIGQLES), 17w141Q142 98 HeMeo 606 1:2Q,2. %7 MPa

5

10

15

20

25

30

35

Kol lidon S gg) ? % .73 Avicel PH102 36.32 89.
MagieS WRcstdar 8f et oS 4B I14%  HPMC 603 2. 76 6. 81
Si net hi cone 30% (vs) 0.01 0.02 Aquacoat ECD 30 (vs)

2. 827 B:&%o@%@:.gn6%u]:vzg wM:ﬁfQHaS@QtﬁéLE ghégpge%dhce of
id . 244FP 0,63 _.1.57 Total 100.00 247.06 O her

Yol kg Ehe dhnEatHiRp dl?é’é'é"“of 20, 40, 80 and

160 ny are also coated follow ng the nethod
e ogaPhe o et MUS ool SELEETHLCR, cxarrae
bellow a@rsbltesigd in dlssolutlon under two conditions:
a) 0.1 N HCl medium without ethanol
b) 0.1 N HCl medium with 40% ethanol
Les dissolution conditions are as follows:
rotating paddle method, paddle rotating speed: 100rpm,
volume of medium: 900 mL, 1 tablet per vessel. The
oxycodone is assayed by 225 nm UV spectrophotometry.
The results of the dissolution tests are given in
figure 4.
It is found that, despite the presence of alcohol
in the dissolution medium, the tablets of the invention

maintain a sustained-release dissolution profile.
3. Dissolution curves in relation to pH

40 mg tablets prepared as described above in this
example were also tested with respect to pH-
independence i.e. their ability to maintain a constant
release profile irrespective of the pH value of the
dissolution medium.

Two experimental conditions were used:

Dissolution medium of pH 6.8
Dissolution medium of pH 1.2

The dissolution profiles obtained are given in
figure 5.

It is ascertained that irrespective of the acidity
of the dissolution medium, the tablets conforming to



Tabl et Size Hardness Dose weight L x w x Thkn.

(Crush resistance) 20 ng 175 ng 11 x 5 x 3,8 nm 440

N (7.3 MPa) 40 ng 225 ng 11 x 5 x 4,2 nm500 N (7.4
MPa) 80 ng 325 ng 13 x 6 x 435 nm 570 N (6.5 MPa)

160 ng 575 ng 15 x 7 x 5,8 M 800 N (6.3 MPa) 42 The
tabl ets thus manufactured all have excellent crush
resi stance, which is greater than 6 MPa irrespective
of their size. 5 2. Dissolution curves with and

wi t hout the presence of alcohol in the dissolution
nmedilem Caatedidd mpiradaiet saprepasterthtaceaktdangeliorelease
Exﬁ%%tﬁledf' 3 are tested in dissolution under two
conditions: 10 a) 0.1 N HO nedi um w t hout et hanol

b) 0.1 NPREE rredil@mswi 3 40068 frirml Peesogisiseradi dip be
congli-tineRpeatends fokilpwsting ot athagepaddl @ mephpdicular
padadél_\’enr%t %tiir;1 o a(%ed: 18%%% vgl ume (ﬁle nedi u 900f
n, apiPst per Vés<sdl . 87 0XYcodbhe 4% ‘A Rfed O
by 2295 rih UVBpect oplrdtioret ipgredhent esdlitch ofist heo be
di ssalddlse@notest SnakLeMURDN dihe figure 4. It is found
that, despite the presence of alcohol in the

di ssolution nedium the tablets of the invention 20
mai4nt3ai Stabslistwi sbedied ease di ssol ution profile. 3.

10D s£Q) yt i @pocHp¥estipi jt@tion to pH 40 ng tablets
prepared as deScrjbed above in this 25 exanple were

al so t esP8d SRATET e5pRLETE 0 PHLALRABEenttn&E | O%ycodone,
t hebtadbiehi t yol bowkhgt aitre a atovet-aekcribeeaseepiiad, | eare
I TT&3RE G Hvﬁigﬁ EQ aﬂf’%9%H§%8&1E?eindb§88LuE¢cﬁ%termine
nmedai um WO exper|l ntal conditions were used:

their reaction to storage.

9]

15 The tablets are stored for 6 months under
accelerated stability conditions in accordance with ICH
standards in force (45°C; 75% humidity) in two types of
packs: a) Al/Al aluminium blister pack, and b) HDPE
bottles (high density polyethylene) in the presence of
20 a desiccant.

The characteristics of the tablets after the

storage period are summarized in Table 17 below:

Table 17
Dose
) Initial| after o Proportion
Packaging Impurities|Hardness
dose storage of water
mg/tablet
Blister 40.9
40mg 0.17% > 500N 3.5%
Al/Al Cv 0.5%
HDPE 19.9
20mg 0.17% 440N 3.6%
bottles CVv 3.5%

25



30 Dissolution nmedi umof pH 6.8 Dissolution nmedi um of
pH 1.2 The dissolution profiles obtained are given in
figure 5. It is ascertained that irrespective of the
acidity 35 of the dissoluti®h medium the tablets
conformng to 43 the invention maintain a constant
sustai ned-rel ease profile. These tablets can
therefore be considered to be pH i ndependent,
inmparting thereto a particular 5 advantage insofar
as they can be used as vectors for any of type of
actdi. e 2i. njRicsdodmtt ivhi @rafiilies bebtableahsefiteren astorage
extghdeg tinme. 4.3. Stability studies 10 4.3.1.

Storage stability The coated tablets containing 40 ng
oxycodoh@ese oBt &f et ¥U1 | g the b R-adeser iveigr the
nettbodowahg naritaedsw thodagagd p&d@l@bmbthydlnpaddle

SOrEEE?£9n$eteQ%%£§ %BgeéqhgeaCthgﬁeto:?tgﬁag q;gy%on

nt S Under ™ accel era
st aBPk PRy 200 dik4 aiis 6-8-accordance with | CH
st andar gge i J&r eﬁx{e%@n £2%ubuBi didyd 7n two types

of pac um nium blister pa
HDPE bg‘fu é) fﬁ?% 2’%%? i ti}ogloﬂ?étyhyf%né')%e. nq%%t}ty of
presehre ofgre0iantdesiatohdinedhevehataneer bsti edsof that

10t heptablketgsaf ?p%f&h@s sEOLage perkad ;3L SYARRN b%@d the
in Table 17 e 17  Dose Packaging Initial

o BREEPHp LS DRSS dass Pr P o+ G100 rePoPage g er 2
waterragy/pediet Bl ismentd6..9

The tablets conforming to the invention are
therefore stable and show a dissolution profile which

15 is both pH-independent and independent of the presence
(even strong presence) of alcohol in the dissolution

medium.

4.4. Clinical trials

20 The 40 mg tablets prepared in this example are
also tested in vivo to determine the plasma profile of
oxycodone in patients receiving said tablets.

A clinical trial (Algorithme, Canada, n’
0XY/24018/001) was conducted in 12 healthy, fasting,

25 male and female volunteers separated into two semi-
groups. Each semi-group was successively given the two
treatments (tablets of the invention and reference
product) after an intermediate period without any
treatment (wash-out period).

30 The reference product wused in this trial was
OxyContin®, a sustained-release oxycodone tablet taken
twice a day, also containing a dose of 40 mg. (batch
N°121777, expiry date April 2007, Purdue).
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40ng 0.17% > SOON 3.5% Al /A CV 0.5% HDPE 19.9 20ny
0.17% 440N 3.6% bottles CV 3.5% 25 44 4. 3. 2.

Di ssolution profiles obtained after a storage

peri od. These dissolution prdfiles are obtai ned under
the following conditions: rotating paddl e nethod,
paddle 5 rotating speed: 100 rpm volune of the

di ssolution medium 900 nL, pH 6.8. These are given

in figures 6 and 7. It is found that not only is the
quantity of active ingredient maintai ned over tine,

but al s@hehatxycbllohke prlelseas eo parfoflielse solgfa itnleel actd veiven
| ngredient-and Lhe ¢t reeRardaesseo grg?ﬁe& Jﬁ Leher in

are_mal ntail ned after a  storage perio
Thedders E8RteF nthgP?d ke invention are

therefore stable and show a di ssolution profile which
515 is both pH-i ndependent nggel Qgependent of the
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ter an nter nedl atje ri_od MAInO  an
% rs 09%15% % %Ll56l 16.4
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T1/2 e1 (hours)

it is the mean value which 1is
of Kei:

values
CVv:

Note: For Tpax

indicated; Coefficient variation;

elimination rate
life.

constant;

Ti/2 e1:

Table 19

elimination half-

Parameters

%

90

confidence interval

Ratio

Lower

Upper

Cmax

65

58

73

AUC

110

104

116

AUC.

111

105

118

Therefore,

there is no loss

ingredient,

As a

oxycodone conforming to the

profile

result,

the plasma profiles obtained show that

of Dbio-availability of the active

these

matrix

inventi

after once—a-day administration

despite a decrease in Cmax.
tablets

on

in man

containing

show a plasma

such

that the ratio of their Cmax to the Cmax observed after
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treatnment (wash-out period). 30 The reference product
used in this trial was OxyContin(r), a

sust ai ned-rel ease oxycodone tablet taken tw ce a

day, also containing a dose # 40 ng. (batch

N121777, expiry date April 2007, Purdue). 45 The
oxycodone plasma profiles obtained are given in

figure 8 and the paraneters are grouped together in
followi ng Tables 18 and 19: 5 Table 18 Test

(i nvention) Reference Paraneter Mean CV Mean CV
Cnamm@ngéntatﬁdn4¢2 2xy63nt2802x@enfirEx ndieases)tablets

10 h
N

21.7 ARERP: . P%seggnaitﬁlf“ 7tablags o oPnkey N RGurkyRedone
0 1t24r24nd 001664 1bvdntildd Zhavde (hoplsgme. FH2B.0 after
7 2. No e t h a a

%gﬁ% da%dggm%g9£t %%a#¥ ﬁaéhtgﬁ Evgpggtﬁg% A&io
Kelf AéTICr"’molbéleFfUﬁdr Htléhcéﬁ§§8ntt?bT$F2 60 tEE| AUSAt Ve ue

habbselfedi faltHabbﬁyd;&nBQu@% C@}E\tférdﬁm:e ﬁ'énte%rs\eal tablets
Par anet er 8 73 10
T0RTIES ROE o105 T05RqT LiRer BTEre e RiodRE valthoe
pr ehickegabbofi fedcsHA® tthat 15 there is no Ioss of
bi 0- avatjabi | féyupis t hee agh ¥ ecul NARe H Bnt LRRIst & idce
decLease in
ey mean t t the oxycodone is just as well absorbed
by the body as the reference product but, since its
maximum concentration is reduced by around 35% in the
tablets of the invention, it affords a substantial
reduction in the risks of adverse effects which occur

with high plasma concentrations.

Example 5: Tablets of oxycodone and naloxone
5.1. Preparation of the tablets

Tablets conforming to the invention are prepared
by associating two active ingredients: oxycodene and
naloxone.

Naloxone is an opiate antagonist, which inhibits
the activity of oxycodone if the tablet 1is tampered
with for administration wvia injection. When the tablet
is taken in wusual manner (oral route), the naloxone
does not exert its antagonist effect since it 1is
rapidly metabolised when ingested by oral route. The
ratio of oxycodone / naloxone base used here is 4:1.

The tablets are produced in the same manner as in
Example 4 (granulation of oxycodone in a high shear
granulator). They do not undergo any heat treatment

either before, during or after compression.



As a result, these matrix tablets containing
oxycodone conformng to the invention show a plasna
profile after once-a-day adm nistration in man such

20 that the ratio of their Cfdx to the Cmax observed
after 46 adm nistration of OxyContin(r) extended

rel ease tablets having the sane dosage, does not

exceed 0.7. Also, these matrix tablets containing
oxycodone according to the invention have a pl asna
profile after 5 once-a-day adm nistration in man,

such t hatet hegemdtal of fAUGDlabses¥ed thd h thesets  thus
ta val rved w . :
O r T o Eaie Po RasT TR Tihlbrized fp Table
sarf® #63&Ye, |ies within the bioequival ence interva

of 80 to 125 % 10 These results are particularly
TSt 20 weki—abaorbed by AL ok a0t herseference
product bpt, siRe® maserpak$ num cdridefitataf i ofk)i s
reduced by ag oI 3504 103 Jhe,Labl[63s & |08 51
I nvent | onf—+t—af-fords stbhstant+a—I5—Treptctron n
the riskslof Qﬁd&%@&engﬁglfﬂﬂhhip Sodr wit B/ hilgh
pl asma copcent r 3 lonigdonE6&@pl e 5: |THbISdt s| 6f . 71
oxycodone|l and nakexenepnbode Prepgrat.isan phithe

tabl ets 20 Tabl etsgzlcocirg %lql ng t 0_ [} h%.l3%\/7€ N1 bO?O are

THIPN

prepar ed b_y asSSocttHatt+th TV e hgtreptents:
oxycodone and2 8 HHhSTeREPERane || O -A4 ohi 8t 80
antagoni st, which inbthits the aqtigui.ty pfomxycaodone

i f the tabtet—Ts tanmpered—25wth—for—adnimstrati on
via injection. Wen the tablet is taken in usua
maifeer( or@mptredtedn t heenaltexaeres doesenottrexerghydisal
an ' ince .t d i.d tabol i sed
mhg%ggﬁsgéfggég§éGig%g}éﬂ}§b§+ﬁgﬁgba%%%f%fﬁgkycodone

/ nal oxone base used here is 4:1. 30 The tablets are

10produced in the sane manmemblas2in

15

20

Description of tablet Round, flat, white
Diameter 8 mm
Thickness 2.90 mm

Mean weight 175.8 mg
Hardness 315 N
Diametral resistance 8.6 Mpa

It is ascertained that, conforming to the
invention, it is possible to produce tablets with very
high crush resistance possibly containing two active
ingredients, in particular one opioid agent and one
antagonist agent blocking action of the latter in the
event of administering of the tablet wvia intravenous

route.

5.2. Dissolution profiles
Dissolution tests are conducted, as in the

preceding examples, under the following conditions:



Exanpl e 4 (granul ati on of oxycodone in a high shear
granul ator) . They do not undergo any heat treatnent

ei ther before, during or after conpression. 47 The
general formula of the tabl et thus manufactured

(batch XCOX 5731) is summarized in Table 20 below. 5
Table 20 Raw materials My/tab (%9 G anul ated

oxycodone 22.66 12.51 Nal oxone 2HC1l. H20 6. 10 3. 37

Kol l'idon SR(r) 75.54 41.71 Avicel pHL02(r) 75.54

41.71 Syloid 244 0.367 0.20 Magnesium stearate 0.91

0. SypeldilalpatiSilel ap00rOt ¥ L EI0 conmpt essiiam pHe6t apl b Bume

haver t i ct gphSt i Lven . jn | owi. ng
A i P e e A el
f | &R GHOPEOLOMGREY e t 82 HRM/THISee 4 I2h90 L Af Mean

wei ght The. Brogiléal dnebser3lh PNreDiganetral resi stance

58' 6 Mpa Iltt j_iss i%%%%f tt%lag:legt}%egs%tp’ulcornaf— rargﬁgcta;bqﬁttthsﬁ show a

i nvention, Tt 1S possi . roduce ta
ver§Pstsiigiedcrashasesi sirmfdd eposs?bl y Sconedi nithg t wactive
actinggel engede88é 8, aftePart inswl-an .one opi oi d agent
and one antagoni st agent bl ocking action of the

latter in the event of adm nistering of the tabl et

vi £Xamplgyv énolisbletstcontirsing mdnecelutevhvatives es

10D ssal utprapat88isnase G Myti1eds as in the

15

20

25

The aim of this test 1is to produce tablets
conforming to the invention in which mineral excipients
are used as chief ingredient of the compression matrix.

Tablets are prepared containing oxycodone and
dicalcium phosphate dihydrate (Emcompress®) to replace
the excipients of Kollidon SR® and Avicel PH 102® type
used in the preceding examples.

The preparation method is identical to the one
described in Example 1 (granulation of oxycodone then
physical mixing with the powdered excipients of the
compression mixture) .

The general production formula for these tablets
(batch XCOX 5723) containing a dose of 20mg is given in
following Table 22.

Table 22
Raw materials Mg/tabl (%)

Grahulated oxyccdone
22.57 12.90

(XOXY 5634)

Emcompress® 151.21 86.40

Syloid 244FP 0.35 0.20
Magnesium stearate 0.88 0.50

Total 175.00 100.00




precedi ng exanpl es, under the follow ng conditions:

48 Type |1 paddl e apparatus/ 100 rpm nedi um pH 6. 8/

vol unme of dissolution nmedium 900 ni/assay by

conti nuous W spectrophotoné?ry at 225nni vessel

wi dth: 10mm The profile is given figure 8. 5 It is
found that these ultra-hard tablets show a

sust ai ned-rel ease profile (90 % of the active

i ngredi ent released after 12 hours). Exanple 6:

Tabl ets containing mneral derivatives 10 6. 1.

Pr epar arthenmiktuihe babhkeéhsdThe aiompakskbis atsesiin iBxdnple
prqduce tablets conformng to the invention in which

m neral excipients are used as chief ingredient of

t he conﬁhés§g§ﬁlﬁﬁ%rFRarqg&ﬁ%ﬁ%ﬁ%ﬁ%‘%ﬁéﬁéréﬁﬂHEts after
CoriomiphicRg 1 6XYspdomEvandin o 1dicwahgi wabphosphat e

di hydrate (Entonpress(D) to replace the excipients

50f Kollldon SR(r) and Ayh%_ @3102(r) type used in
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t he preced g C)\allpl €ST— e eparatton—rethod—+s

i dentijcdlescgipdopnel HekEeld b=d RoMEarfglad ] white
(granukggh@Qle oxycodone then‘ 20 physd gal m xing

wth tih il muereo EXCl prents pf the conpression

mi xt urléil al productfon for ik 39 f R t hese

t abl et|¢eafbatd BhXCOX 5723) copt ai ni ng. 78 .dosg of 20nT
is giV folTow ng Table P2. 25 Ta 2 Raw
natgrlgan WS,?ab' (“Ag Safrtpt-ed cxycgzch§ 2257

12. 90 | DiXOxYr86314¢sEptampr essfr) 151.21788paA0 Syl oild
244FP 0.35 0.20 Magnesium stearate 0.88 0.50

It 1is ascertained once again that the crush
resistance obtained is well above 4 MPa, even though no
heating step of the mixture or of the compression

tooling was necessary.

6.2. Dissolution profile

The tablets so obtained are then placed in a
dissolution medium.

The dissolution conditions are the following: Type
IT paddle apparatus; paddle rotating speed: 100 rpm;
medium pH 6.8; volume of dissolution medium: 900 ml;
continuous UV at 225nm; vessel 10mm.

The results are given in figure 9.

It is found that the tablets conforming to the
invention obtained using mineral excipients are able to
release oxycodone over a relatively extended time

period.

Example 8: Drug abuse tests
8.1. Crush tests
The objective of this example is to determine the

difficulty in breaking or crushing and optionally



Total 175.00 100.00 49 The m xture obtained is
conpressed as in Exanple 1. The physi cal
characteristics of the tablets after conpression are
given in followi ng Table 23:58 Tabl e 23 Description

of tablet Round, flat, white D anmeter 6 nmm

Thi ckness 3. 16 mm I\/tean wei ght 178.8 ng Hardness 170

N Dianetral resistance 5.7 Mya It is ascertained

once again that the crush resistance obtained is

wel | above 4 MPa, even though no heating step of the
m>oﬂolmenmhgof d hepocodpressirem 16héooldxygoddse tablets
NeCenTBLKing: 2p E@h%scan 12 oY Ol T8 LARKELSR 5 o
obt ai ne Ren pl aced ol ution ms 5
Théhgi §§6PH?P@% %qur%@réﬂdéctthéo%@@@wf?@ Type

I paddk@uﬁpﬁééﬂé U r agidld S %@tim@@ﬁd thiQO P and
rredl ;4. . _vol ume of |ss %t %ggcﬁdl um 900 m;

coﬁ)t Fﬁﬁousnuvmfe%rﬁno véaérsé)l etesults are
given in kigfe e(@irxk)§ trocketobndfehayrehe tabl ets
conformngeotfed r@odmventl on obt ai ned using m ner al
ex0|p|ents e bIe t release oxycodone over a

rel ativel §° € Speri od. 25 Exanple 8: Drug
abuse tesgbass. rrlort@mmhndt ests1hél abpextane gifastshviase)

IOexanpleAé§e§§mgﬁ§eBg1Q?ugﬁgngdBT%EQHhﬁ¥y|%a@r%@%éﬂklned

or crushing and optionally 5
in relation to the hardness of the tablet.

The physical characteristics of the tested
Oxycodone tablets are given in Table 24.

15 Table 24
Crush
Hard-
Tested i ) Wt. resis-—
Thickness Size Shape ness
tablet (mg) (N) tance
(MPa)
OxyContin® Diameter | Round
3.43 135.9| 105 2.7
20mg 7.24 mm pink
Length
Invention 11.0 mm {Oblong
3.30 ) ) 175.9| 467 8.8
(20 mg) Width white
5.5 mm

The crush resistance of the reference tablets is
3.3 times less than that of the tablet conforming to
the invention.

20 The use of pliers allowed rough crushing of the
tablets (pieces of 1 to 2 mm), both for the reference
product and for the tablets of the invention.

After the rough crushing step using pliers, use of
the laboratory mortar enabled a fine powder to be

25 obtained in both cases. However, the use of the mortar
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obtai ning a powder fromthe Oxycodone tablets
conformng to the invention, conpared with tablets of
the reference oxycodone product (OxyContin(D). Four
nmeans were chosen to inpleneAt this step and 5

pl

aced in increasing order of difficulty: - knife

(Opi nel (D pocket knife type) - coffee spoon -
conbi nation pliers - glass nortar and pestle

(1
d

aboratory glassware) 10 Assessnent of crushing
fficulty was determined in relation to the

hardnessacft tthdleabl etonfbleipby siocahec harvaettebnstdids not
ofnggike§%ggr g%xﬁgh e tablets are given in Table
us

24" 15 Tab

e 24 Cr ‘ested W. Hard- resis

Thi ckne$8€ SCZ&SBRAPe Hddd cut bl EPSEFYRdt sifcecagiN) of the
( MRgpesOxyontdul(gt) Bhnanmeéesat Rowndts3. 4313509110864 7 is

3 0175 66 o o 90 g LR whi 1o 5.5 mm The

crush resistance of the reference tablets is 3.3

ti

nmes | ess than that of thgytiablset conformng to the

i
(of
f q
if

wentl on. Z0 The use af %dﬁesé al ] owed roug
ushi ng of {heKntidbl et{s (pl eces of IPlierz my), Meatthr
br the refefence productSBR8%for{the tabletls of the
) N ) )
%%&Eloggind\i t efasiley r qugh Ec(_:{rsuyshl ng stFem?lyu& rgVery casy
pliers, use o¢of cut, , crushing, ,
20mg ! crushing T crushing
Chipping chipping
hi
Difficult (Crushing
) , Easy impossible
Invention to cut, Crushing . .
) . crushing, (without
20 mg no impossible , , ,
i chipping prior
crushing .
cutting)

The reference OxyContin®

product can be crushed
fairly easily, irrespective of the means used. Since it
has low hardness strength, it has a tendency to chip.
On the other hand, the tablet conforming to the
invention can only be crushed with combination pliers;
a knife only achieves cutting but no crushing. After

cutting, the pieces can be ground in a mortar.

8.2. Dissolution tests

A tablet cut in half using a knife, and a tablet
roughly crushed wusing pliers are subjected to a
dissolution test to analyse the impact of cutting and
crushing on the dissolution profile, compared with an
intact tablet. This test 1is conducted on batch XCOX
5726 prepared following Example 4, and on the
OxyContin® reference product.
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the | aboratory nortar enabled a fine powder to be
obtai ned in both cases.
nmortar 51
i nvention did not
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5 summari zed
Knife Pliers
OxyConti no Easily Easy Easy Very easy
20ng crushing crushing Chipping
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Aft er
S g?:fo

uttlng,

solutlon tests A tablet cut

the pieces can be ground

in

half usihng aekmlte oahdimed alfloet dirsmueghiltycosusihedthe pH
10 USkNG RldARs akfe SYRKRGL eyt ¢8 10594l

to_anal yse the inpact of cutting and crushing on t
di §5BFE%ibh profile,

conpared with an

Wiop t

in

i nt act tablet

This test is conducted on batch XCOX
Table 26
OxyContin®20mg batch
Oxycodone 20mg XCOX 5726
122810
Time

Tablet Tablet Tablet Tablet
(h) Whole ) _ Whole

cut in in cut in in

tablet tablet

half pieces half pieces
0.5 35.9 50.8 61.0 8.6 26.7
1 47.1 62.8 73.4 .7 15.0 36.5
2 60.5 75.2 85.4 10.7 28.2 51.5
3 69.4 82.3 91.6 17.3 39.4 62.2
4 76.2 87.0 95.4 24.9 49.7 70.4
6 86.0 92.9 99.0 41.7 64.8 81.9
8 92.8 96.5 100.3 55.8 75.3 88.8
12 100.7 99.4 100.7 75.7 88.1 895.9
16 103.4 100.1 100.5 87.7 94.7 99.2
20 103.9 99.4 99.5 95.3 98.4 100.7
24 - 98.2 99.2 100.4 100.5 101.5

It is ascertained that in a pH 6.8 medium,

the

dissolution profile of the reference product is close

to that targeted for the bare tablet i.e.

sustained-release coating,

without a

whereas the profile of the
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5726 prepared foll owi ng Exanple 4, and on the
OxyContin(r) reference product. 52 The dissolution
method is as follows: continuous dissolution,

di ssol uti on medi um pH 6. 8, 99%dni of medi um per

vessel, rotating paddl e nethod, paddle rotating

speed: 100 rpm dosage: 40ngy active ingredient per 5
vessel, vessel thickness: 10nm neasurenent by W
spectronmetry (wavel ength A = 225 nn). Readi ngs are
taken every 5 mnutes during the first hour, then
evenpletl5 i nithes iupvemcizth. (kh@Dresulis obbaenetb f gihat

di%%958£é9n§%#rhtgﬁ%ﬂgﬂneéor@léaggdtgﬂlége glven in
foll ow ng ure 11. Table

N
OxyCont T ¢ r Y2Girg "Bat th B&ldod gmmgtigtﬁtnggelerates
1228%@01ﬁﬁﬁoﬂ',abla®ti Tad‘Jd:@Ieﬂéa‘chet Tablietcre@edWhghen the

o :
i %slgeces O&gt 3;& '@OA& @gjretbgtt% é“abff pLegets,
62msk¥394t13e a5 316193ed296(§ 5o¥s, QaBJsdlqy mfévllz@l? for
géaﬁsogpﬁﬂoﬁ-éﬁéf%%%h go§2e3 82.4 62.3 4 76.2 87.0 o

8 92.8 %% 74100, %h§5 8“)% ge ssc?fg %%'? 1@%?%‘”8%?‘% %%'b Fhe

75c7u8Bed 9600 »16taloBed, 10enforndng §p 7tbg. 7Zimygntion,
20r4R3:1 8599 u D% Pp-r3128s4 200 1e.

8.3 Evaluation of extraction of the active ingredient

The tested tablets are also evaluated regarding
the extraction of their active ingredient for
injection.

The applicant used the so-called « Stéribox®» kit
available in pharmacies and designed for drug addicts,
for the purpose of preventing the transmission of
pathogenic agents through the exchange of contaminated
syringes.

The Stéribox® contains:

- two 1 ml syringes,

- two Sml doses of water for injection
preparations,

- two cups so-called « Stéricup® »

- two filters

Extraction of oxycodone from the reference product
and from the tablet conforming to the invention is

conducted as follows on each batch:

- 2 tests on a whole tablet,
- 2 tests on a tablet roughly crushed with pliers,
- 2 tests on a tablet of the invention crushed

with pliers and then with mortar and pestle, and



24 - 98.2 99.2 100.4 100.5 101.5 15 It is ascertained

that in a pH 6.8 nedium the dissolution profile of

the reference product is close to that targeted for

the bare tablet i.e. without54 sustained-release

coating, whereas the profile of the 53 tablet of the

invention (" QD >>) is close to that targeted for a

sust ai ned-rel ease tablet. The cutting in half of the

tabl et accel erates dissolution, and acceleration is

i ncreased when the 5 tablet is cut in pieces for

both types dfedtabl®t sa paké PAghddetactdedi RgFEid) edfushed

nor e rapldly avallable for absorption via oral

route. Howevar T tHe" profile of the oxycodone in the

crushedTae Qﬁﬁbedt%Kﬁ@ﬁctkﬂnﬂmﬂdﬁumgiﬁothﬁewahQEn$¢Rnﬂied

10 yiempithe &t2usbakeedihetgaspaRieihl gvaBiable volume (2
5Evallgatlon of extraction of the active i ngredi ent

Thé'Yested tablets are al so eval uated regarding the

extraction of their active ingredient for 15

i nj ecti &he Therapphy capde useed t her sextedtddx<ds the one

St IR OER" i Ki Ehe avead 4 @l %dfp@maar waechesn@ngkéribox®:

designed for drug addicts, or the purpose of

prevent LAg lizhe tﬁansnipmépuraﬂ qnmqﬂ@gen(WhomgentSroughly

t hrough t ange t 20 syringes.

The Sterlg%%%%%Ia o ggguggp fgngﬁgegkp syringes, - two
105 dosésf%*iﬁhﬂ%rwﬁéﬁrlH?é%@l%ﬁga%%%béﬁéﬁﬁ fs, 25 -

two cups-sa=xCabkeflg <<hSt eplangpésr) of- tMO fsjﬂmm@& for 2

Extractioqhgf géycodone fromthe reference product

t

and from the tablet conforning to the i nvention is
conduct éd e tf sleowendignéach bdecieup with a lighter for
1 minute,
15 5- check the remaining volume after heating: the

remaining volume is 1.7ml.
6—- filter the solution using the sterile filter
contained in the Steribox® and previously
placed in the syringe. If necessary use a
20 pipette to place the cup solution into the
syringe,
7-dilute the filtrate 1in water to obtain a
theoretical concentration of active ingredient
of 20mg/100ml
25 8- conduct analysis replacing the extraction
solvent by water for the reference product and

the test product.

The results of the contents obtained and the extraction
yields for each of the tests are summarized in
30 following Table 27.



30 - 2 tests on a whole tablet, - 2 tests on a tablet
roughly crushed with pliers, - 2 tests on a tablet
of the invention crushed wth pliers and then with
nmortar and pestle, and 54 -52 tests on a reference
tablet directly crushed in a nortar. The tested
extraction nediumis the water supplied wth the
Steribox(r), in the maxi mum available volune (2 5

m ). The operating node used for extraction is the
one described in the leaflet supplied with the
Steribox(r): 1- place theaprepared sanple (whol e,

roughly crusgﬁd or ngHnd I.n, thef cup, 10 2- add 2 ni

water using a gatige 1€ "3 ¥x 1B He tdngP KUY ES 726
of the sylinge for3228h9n tes, 4-| heat the cont ent of

the cup wth a i ghtggnie 1 mnute, ofdrech the
remai ni ng| vohele after hedﬂhngmdthewmr i ni Nng Vol@nwend

is 1.7m .| Geafikkt @rFTRESSglutgian Ushpget Ne“STEFA 6 ap1 ot
f||ter cpntai ned|i naillee $t eri box|(r) and previeusly

g&ﬁgm]n the syriinge. |f [necessary use a 20 pipegtte
t he cup s$olution|into the syringe, 7-

dﬂﬁﬁ%ée?he fPr#tale iLA-hafer 1Bo? gbt ai'n2a | t héePeli cki-2
eoneslteral i on of active inmgredient of 20ng/ 100m| 25

8- conduct analysis repla¢ing the extractjion solvent

bywater for the fefenence prodact andi the best 15.9
product  [The resullts of the contents obtained and the

extracti on |eld> for eagh of the tests jare
subdsid zeld ,g 86.2 %| 97.4 % 1.3 ¢| 30.4 | 79.6

o
o

10

15

20

* The results concern a single test, the second test

being cloudy and the result unusable.

It is found that the extraction yield is low with
a whole tablet, irrespective of the tablet used.

However, extraction yields are higher for
OxyContin® in all tests. In particular, when the tablet
conforming to the invention is roughly c¢rushed, it
releases close to 5 times less active ingredient than
the reference product used under the same conditions.

These results show that abuse by intravenous route
can be achieved more easily with OxyContin® than with
the oxycodone « QD » tablets of the invention.

Only pliers are required to obtain good extraction
of OxyContin® whereas for the Oxycodone « QD » tablets
of the invention an additional tool is required to
achieve efficient crushing and  thereby increase
extraction vyield. The tablets of the invention are
therefore particularly effective to deter drug abuse of

opioid ingredients.




30 follow ng Table 27. 55 Table 27 OxyContin 20ng
batch 122810 Oxycodone 20ng XCOX 5726 Roughly
Roughly Whol e Ground Wol e G ound crushed crushed
tabl et tablet tablet tablet 3fablet tablet Content
obtained 0.37* 16.3 18.4 0.25 5.8 15.2 ng/tablet CV
(%9 - 4.6 3.3 4.1 2.115.9 Yield 2.0 %86.2 %97.4 %
1.3 %30.4 %79.6 % * The results concern a single
test, the second test being cloudy and the result
unusable. 5 It is found that the extraction yield is

| oVvExdnigle ® :WNikeotablets of rsaimaidrphonk t he tabl et
used. However, extraction yields are higher for
OxyContin(r) in all tests. In particular, when the

t abl et- PREPESAtaPRi A§ toe ttabiaffention is roughly
crushed,in thikekgagpse £l 0SEy 11,1 id®S oBE8daELbYELs are

i ngredjent, than. the reference product used under the .
sadE b | ORlro WA LTS SRORMERaE” abuddtnyctntain
i ntiredrenerphroat ean cahkdpko gt Mt ddreneasirbying t hlaeving
O YRRt (T Jankh@BsWet Bet1ont BE@XY608P08: <5a P 374 hence
tabl ets of the invention. Only pliers are required to
obtSH S %o&oeﬁngc??%ﬁe'of OxyContin whereas for the
OxycodoNeczatgDletst abimet s iof tdeametwent i amean prepared
1oaddaadt%qalingogl abSe &Y I Hﬂiro?n%@?ﬁgﬁe?f ficient
crushing and thereby 1 ncrease 20 extraction yield.
The tablets of the invention are therefore
par?.lcUl.aPirepetrbetdn ver t thal elgyrediieptabuse of

The composition of the tablets is summarized in
Table 28 below.

m .

15 Table 28
Ingredients Percentage [%] Welght
(mg/tablet)
Hydromorphone HC1 12 3
Kollidon® SR 50 12.5
Avicel® PH102 36 9
Silica 1 0.25
Magnesium stearate 1 0.25
Total 100.00 25.00 mg

9.1.2. Compression
The hydromorphone is first mixed with the
20 excipients forming the compression mixture (Avicel
PH102, Kollidon® SR and silica) after a screening step
intended to remove large-size particles and other
aggregates. Mixing uses a dry process in a conventional
blender (V Blender) for 20 minutes. The powdered
25 magnesium stearate is then added to the mixture and the
whole is again mixed for 2 to 5 minutes. Compression of

the final mixture obtained is obtained by direct



opioid ingredients. 56 Exanple 9: Mcrotablets of

hydr onor phone 9.1. Preparation of the tablets In

this exanple, very hard, non-coated tablets are 5
produced conforming to the i#fvention, which contain
hydr onor phone, an al kal oi d deri ved from nor phi ne

havi ng powerful anal gesic action used to treat pain
and hence subject to drug abuse. Mcrotablets 3mmin
di aneter are prepared 10 containing a dose of 3 ny
hydr onor phone. 9.1.1. Preparation of the ingredients
Theoopipesibh opfoftHchaniahiret son SaséraBetzed, i Sviac RT6

J@Q'OEF@ e o AR ot T iy e i 1 o 9 mn i
aaleﬁ(er) Bre srrazi esl CMI‘PG’@}S(SFPDPFEBQQ% STE
0 25 I\/agéles:haﬂhat@ﬂ@wcsl 0f 28he Taeah1108g0@ 22209 are

5rrg)%ege H% %:o Cgvg%lsg:soinab | e%Igydrom)r phone is first

10

15

20

25

XCl t's form ng the conpression
m xture (Avicel PH102, Kollidon(r) SR and silica)
after a screeni ng step im@j@@bto renove Iarge si ze
par ICI%S ano 01 ner t,q% es. ™ XI n USES g ary

pr ot nder Qﬂﬁhﬂq for 20
m nyt es. mampm\ﬂﬁfte(dng% magnnesi um st eaBaBemgs t hen

addnd to ch%éggr?mﬁm the | whole 1s a;gad_p m xed

f or -ttt es—Ccofpresston—of—the—t+rat—mxture
obt |ned |£Ha6@{ﬂ§§ﬁedNbv direcit 108 N
Crush resistance (MPa) 6.6 Mpa
Friability (%) 0.0

The hardness of the tablets obtained is greater
than 108 N, i.e. a crush resistance of more than 6.8

MPa and with zero friability.

9.1.3 Dissolution profile
The dissolution profile of the tablets prepared in
this manner is measured by 12-hour UV spectrophotometry

under three conditions:

a) Without alcohol in 0.1 N HCl medium,
b) With 20% alcohol in 0.1 N HCl medium,
c) With 40 % alcohol in 0.1 N HC1l medium.

The dissolution conditions are as follows:

Type II paddle apparatus; paddle rotating speed: 100
rpm; volume of dissolution medium: 500 ml; 37°C; filter
45 pm, automatic sampling (closed circuit) at sampling
times of 5, 15, 30, 45, 60, 120, 180 and 240 minutes.
UV analysis at 280 nm with 1.0 cm cells; 10 tablets of
hydromorphone are deposited in each vessel (equivalent

to 30 mg/vessel).



57 conpression of the mxture on a 6-station, Sviac

RT6 rotary press, using extra-deep concave punches 3
mmin diameter. The applied conpression force is

17.8 KN. The characteristics8f the resulting tablets
are 5 given in follow ng Table 29. Table 29 Batch
nunber of tablets RD109SLIC1 Mean wei ght(ng) 23.8 ny
Thi ckness (mM) 3.47 Hardness (N) 108 N Crush
resistance (MPa) 6.6 Mpa Friability (% 0.0 The

har dness of the tablets obtained is greater 10 than
108 N, iDiesoauttoshre®ssiist ance dfvenprie thgnré. B2. MPa
and withzerq frf'o@g#i! ! ‘t}ﬁa};9- %n3 Q%ﬁs%é'ééé’” PROf i L8 ets
The dissolution profile of the tablets prepared in

15 WL HaRFertq stheadaved thpn1 Bhegura yyustained-release
srqmd]ﬂpléotmmeﬂar Vis umiermctdmrﬁeawomd&dhdgmsmela)pﬁr/]&sfd}mﬁ of
al cohal i.n.0. iU . Wth 20% al cohol in

5 Flnet ﬁgd%alﬁ\: gl%%ggéitﬁ el 2ha 4 5oL N

HC1 nediThfé Therdresehaneon tebAgitsi opendogmagy to  the

foliewsic ibype thepadste appafat upotrpaddeace0tahtNg crush
ution nmedi um

speed:. 100 rp vol u of .di ssol 00

o S ER 3P ey PPy 59 CpP LRt St FRSSRIBI TNy, (HTTsed™e

ci rd@irefoae Jarplvi repittiaipds ofors, adbive30ingsedigitsl 2¢hich
10180 AN 240LBUL €5 . acdMaa@lYy Hisuak 880camuwhd hadu .

cmcells; 10 tablets of hydronorphone are deposited

in each vessel (equivalent to 30 ng/vessel). 58

Di dbw@impilieodOr eSabletsiref gnonphine sujdpheté?2. |t is

found that in all cases the tablets

W

In this example, ultra-hard, non-coated tablets
15 containing morphine sulphate are prepared, and their
resistance to alcohol present in the dissolution medium
is compared with that of a morphine sulphate
formulation sold commercially wunder the trade name
Avinza®. The tablets of the invention contain a dose of

20 30 mg.

10.1.1 Formulation

First microgranules of morphine sulphate are

prepared by coating neutral particles of size 500 to
25 600 pm using a binding agent: HPMC.

These microgranules are then ground in a mortar to
obtain a fine ©particle size allowing homogeneous
mixing. The grindings are then mixed with the
compression excipients to obtain the mixture which can

30 be wused to produce the wultra—hard tablets of the
invention. The type and proportion of each excipient

are summarized in Table 30.



10

15

conformng to the invention show a sustai ned-rel ease

pr
5

ofile which is not nodified through the presence of
et hanol in the dissolution nedium The

hydr onor phone tabl ets confordng to the invention
t herefore have both excellent crush resistance and
good al cohol resistance. They are therefore fully
suitable for active ingredients which 10 may be
subject to accidental msuse or to drug abuse.
Exanpl e 10: Tabl ets of norphine sul phate In this
exanpl e, ultra-hard, non-testedid ablets 15
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rd

nt ai Q ghmr rgrne syl phate are p&%%g& mand therr

ai ot anr-r\ t hal Dresent | A—t Hi-oh
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fa¥al
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AVi
dd
m
cd
uc
th

|nza(r). The tabl et of the TnventTog conmtarm a

se of @PW¥ ny. 10{1.1 Formul ation First

croge asyrt s lafs rodr phi ne sulphate are prepared by

a%bqghgggtggh pg{él(les of%sP%e 500 fo 25 BOGIm
I nd |ng gg HPMC. These m ciogranul es are

en @ﬁ&GHdNPH AMfbrtar to obtain a fine particle

Si

ze akéxmudum@h@mpgeneous pbxv7Hng. The|gri ndigsggsar e

th

t he
ul
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TTT/XC PO Tt TTT

tra- ﬁaﬂdlﬂQbﬂé@s of [t he |ﬁv%®t|on The typé.asd

pn

QRgiﬁéiﬂhﬁﬁsﬁ§?i2t9X3ipiento.?ée sunnuri?ed hgﬁggple
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<4 [T mYaValWall W oW
I9J Iadbl'© oU Ddadl Ull TIUTroet INFUOZIVEL ] '1ygr ©ur i s

Percent agEoW@ight [o] (nptPANP@t) G ound 36500

10.1.2. Compression

Compression of the final mixture obtained is
carried out on a tablet press (PR-12, Sviac) using
round punches 10 mm in diameter and a compression force
of 26.1 kN.

The characteristics of the tablets thus obtained

are given in following Table 31.

Table 31
Batch number of tablets NP062M2L1C1
Weight (mg) 365
Shape Round and flat
Diameter (mm) 10
Thickness (mm) 3.7
Hardness (N) > 343.23
Crush resistance (MPa) > 5.9
Friability (%) 0.0

The hardness of the tablets obtained is greater
than 343 N i.e. a crush resistance of more than 5.9 MPa

and zero friability.




10

15

20

25

30

m crogranul es of 19.98 72.927 norphi ne sul phate

(batch NP062M2) Kol I'idon(r) SR 39.74 145.05

Avi cel (r) PH101 39.58 144.47 Syloid(r) 244 0.20 0.73
Magnesi um stearate 0.50 1.8280 Total 100.00 365. 00
10.1.2. Conpression Conpression of the final mxture
obtained is 5 carried out on a tablet press (PR-12,
Sviac) using round punches 10 mmin dianeter and a
conpression force of 26.1 kN. The characteristics of
the tablets thus obtained are given in follow ng

Tabl e 31. 10 Table 31 Batch nunber of tablets

NP 1 Shape Round and fl at

Di 2%{%3 %ﬁggﬁ%gp}mf;%%%?%q 3.7 Hardness (N) >
343. 23 @Fas isssilgtane e @PL) s 50@ thej difdliety (Ryepared
0. Qcthedhagdress:1af irh@eﬁ@birﬁtﬁs otataasa;eéidl 5ygr1@atq%r uv

than 343 a cr |sta nore t n
\pabeditobhbt SnefrdTdihd &' LBAES Bh-IB" o4 I8 i

proflabnghQUHl%EQﬂhﬂh(mm ﬁ@éfmﬁélpmrthe tablets

prepasedi tACLO$  NbHA tike thaveBkien, i s measured by

12- hour UV, qpectr ot,0 ry H 6.8 under three
condi?i@ﬁgh ?O alcohol in % medlg
The dissolution conditions are as follows:
rotating paddle apparatus; volume of dissolution

medium: 500 mL; paddle rotating speed = 100 rpm; one 30
mg tablet per vessel.

The dissolution results are shown figure 13.

It 1is found that in all cases the tablets
conforming to the invention have a sustained-release
profile which 1is not affected by the presence of
ethanol in the dissolution medium. These tablets
therefore have major resistance to alcohol, imparting a
distinct advantage to the tablets of the invention over
other commercially available, sustained-release
morphine sulphate tablets.

Comparative dissolution tests were conducted on
tablets prepared according to the invention and on
commercially available morphine sulphate tablets
(Avinza®) . The dissolution method used was the same as
the one described previously, with the sole exception
that the dissolution medium is a 0.1N HCl medium. Two
conditions were tested: 0.1 N HCl medium in the
presence of 20% ethanol (A) and 0.1N HCl medium in the
presence of 40 % ethanol (B).

The dissolution results are shown figure 14.

The commercially available product shows a very
rapid dissolution profile "and is not a sustained-

release form. Additionally, it has low alcohol



a) Wthout alcohol in the medium b) Wth 20%

al cohol in the nedium «c¢) Wth 40 % al cohol in the
medi um The dissolution conditions are as foll ows:

10 rotating paddl e apparatus$lvol une of dissol ution
medi um 500 ni; paddle rotating speed = 100 rpm one
30 ng tablet per vessel. The dissolution results are
shown figure 13. It is found that in all cases the
tablets 15 conforming to the invention have a

sust ai ned-rel ease profile which is not affected by

t he presaneesohce ethan® sdd1dthiendirssel Uhi-082 888i WiRh the
These Ea%letg ihegg{ore have.na%gr resistance to

al SRS VnBar f 1Py A Mt et "advant'8ge o t he

t abl et sOof tthee ¢Hvent hendeverhe20doptsreutcomeretial by the
av aialabke,a S3iiahged-J el 8aseny Rt P Nes SubRhalRiiried by
5tab ets. Co araélve di ssol ution tests were conducted
on® aBF@FEgE?e% re Gt ordl ¢St 8°EAE™: nventi on and

on comercially avail abl e norphine sul phate tablets

25 (Avinza(D). The dissolution nethod used was the

same as the one described previously, with the sole
exception that the dissolution nediumis a 0.1N HCl
medium Two conditions were tested: 0.1 N HC1 nmedi um
in the presence of 20% et hanol (A) and 0. 1N HCl
mediumin the 30 presence of 40 % ethanol (B). The

di ssolution results are shown figure 14. The
commercially avail abl e product shows a very rapid

di ssolution profile and is not a sustained- rel ease
form Additionally, it has |ow al cohol 61 tolerance
since the dissolution rate increases with the

quantity of al cohol present in the medium On the

ot her hand, the dissolution rate of the tablet
according to the invention is not nodified by



5 the presence of alcohol in the nmedium 62 C ains
1. Water-insoluble, matrix tablets capabl e of

rel easing one or nore active ingredients into the
body 5 over an extended tin®2Zperiod and contai ni ng
at | east one active ingredient which may be subject
to drug abuse dispersed within a conpression matri x,
said matrix consisting of at | east one exci pi ent
chosen from the group conprising sustained-rel ease,
pH-i ndependent, 10 water-insol uble polyners, mnera
excipients and their m xtgigsmsCharacterized in that
the quantity of excipient and the conpression
conditions are chosen so that said tablets have a
crush résistdacerofnadlilelast dathPa, wavlatsageewsbye of

at I.leelae%lsﬁlg]v% e 12 %rorgafar deXytablet s 28605 di o tOhe body

claim characterized in that néither the m xture
5t 0 BEET cHIpPEEERAC nEENEh@SEHRPT EESi IPHGOINIRG atte least
subjrect edtive drheabiiegtstepiai they hef osebpectduriongdrug

t he ,act ual r st ep riX S
acéggﬁf% s%gr%%gf g??ﬁ? g Coé}ﬁgg?ioéhabgg%g%lze%ald
in mqratl%amseéﬁw@s@f ont n%&éﬁtx onee FrEd@ALE t5phpgegirom

weigd PRl t:Bapwtsath\@ugmlﬁd w2 e3@ie] bablglependent,
advaq}%geousH§H§5 to 95 % Nhtrix tablets

ers m1 Tents and.their
acco s’ 1 {1 , cﬁar% eril ze I N

thamlmr@sconpﬂ@g@f:@ﬁrnﬁ?dl x incorireitsesthe miqwanteitof of

at éﬁ%ﬁﬂiéﬂ@oa%&c%BbeQb&pQQ@§§Bn3@05&961@M@nﬂre chosen so
sust ai ned-rel e

pH i ndepe nt, water- b
o1 YT S5 168 HBPAFERLEF BT eht G U HORAeF AR Phr BY . L east 4
MatMHax tealvlketsgacusidi ag tepsnyb OfPaclains 1 35 to 4,
15characteri zed in that said sustained-rel ease, pH 63

2. Matrix tablets according to claim 1,
characterized in that neither the mixture to be
compressed, nor the compression tooling are subjected
to a heating step either before or during the actual

20 compression step.

3. Matrix tablets according to either of claims
1 and 2, characterized in that said compression matrix
represents 50 to 98 weight % of the total weight of

25 said tablet, advantageously 85 to 95 %.

4. Matrix tablets according to any of claims 1
to 3, characterized in that said compression matrix
comprises a mixture of at least two excipients chosen

30 from among sustained-release, pH-independent, water-—
insoluble polymers, mineral excipients and their

mixtures.

5. Matrix tablets according tc any of claims 1

35 +to 4, characterized in that said sustained-release, pH-



i ndependent, water-insol uble polyners are chosen from
the group conprising cellul ose derivatives, water-

i nsol ubl e nmethacrylic acids, derivatives of

pol yvi nyl al cohol s, derivativé$ of polyvinyl acetates,
5 derivatives of polyvinylpyrrolidone, |actic and
glycolic acid polyners, starches, waxes and their

m xtures. 6. Matrix tablets according to any of
claime 1 10 to 5, characterized in that the mnera
exci pients are chosen fromthe group conprising
caliGidepephiesphateser- ahgmabyén aBdyskks caresididsineStrom
na esi um carbonate. and th m xtures.

S ellulo deriv glveskhl&ater—
s J5EE8r dFRGPT 6 HNY of c]1 A% 190678 '
chaﬂamﬂ@bﬂzed i nethatrshid polanneiss ar edehbgeniveés om of

th%xﬂ&%HByQQﬂEEhélQQ H@%10b%59é§ Qfe ﬁBI&#EJﬁ@téééﬁéﬁés,
ceIIquse and yvin

3p %Vﬁwﬁﬁﬁrm ?aonep%lsso‘ﬂzmﬁpyréﬁ&lfiﬁaem xtufetbt 2@nd
m cylgeoystal bché cedlyrhexse armtarches, waxes and their
[ pQliyiethyl acryl at e/ met hyl met hacrylate/ trinethyl -
anoni oet hyl nethacrylate chloride) (1:2:0.2)]. 8.

Matrix tablets according to any of claims 1 25 to 7,
charact eri zedat i hedbldies satdobdinyetoi agyedifentiesins 1

1021 & Chosen rfa%@ewsegrg}fptﬁggpghglmgnepgycggé gS’Pé&Ss are

15

neurolé 768 2 trangur| I zers ana

an @h@rﬁb‘éiﬂol @ﬂtqnt sth%O 9g Ouﬂatﬁ?qfﬁpltléﬂlnét CakEior| R@O %Eﬁates ’

any1@igkammanh £018coghaiackarkzed ndyridyatunSatdrbonate

active hngregkg s sbelong to the group conprising
norﬁﬁi OXYyTO Ohe, hydr ocodone, hydr onor phone,

oxynnrphone tramadol , nethadone, codei ne, fentanyl

and buprenorphi gy E£Bﬂét§4ac§@%&fhéwﬁbtBﬁyrof claims 1
harna eutjcally acce table derlvgtl

Vat
taﬁi aE%%?%ﬁ %ﬁ? dfloF %Fa?ﬁ& 1§€iymers arerchosen

from the group comprising the mixture of
microcrystalline cellulose and [polyvinyl acetate
/polyvinylpyrrolidone (80:20)], and the mixture of

20 microcrystalline cellulose and

25

[poly (ethylacrylate/methylmethacrylate/ trimethyl-
amonicethyl methacrylate chloride) (1:2:0.2)].

8. Matrix tablets according to any of claims 1
to 7, characterized in that the said active
ingredient(s) are <chosen from the group comprising
psychotropics, neuroleptics, tranquillizers, hypnotics,

analgesics and anxiolytics.

30 9. Matrix tablets according to any of claims 1

to 8, characterized in that said active ingredients
belong to the group comprising morphine, oxycodone,
hydrocodone, hydromorphone, oxymorphone, tramadol,
methadone, codeine, fentanyl and buprenorphine, their



51to0 9, characterized in that said conpression matrix
al so contains at |east one pharnaceutically

accept abl e excipient chosen fromthe group
conprising anti- adherent ag®nts, agents capabl e of

I mproving tablet cohesion on conpressing, fillers,

| ubricants, 10 plasticizers, bulking agents,

sweet eners and colouring agents. 11. Matrix tablets
according to any of clainms 1 to 10, characterized in
that said conpression matrix 15 also contains at

| egsttone ogndror e wfeitrhe f ghkewkBgut SestpNcesd@ptbBle
(f% or _a mxture thereof: a) a substance which

i r PPEaYestYHe nasal and/or pharyngeal tracts, b) a

vi scosity-increasing agent, leading to 20 formation

of a gejgwhenthe tahiekd saccao&@qln@eokolz{h mnbﬂyms 1

ampunt_ of wat er an enetic subst
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accor alm 1 characterlzed in that
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whit6he iByn be bhe suhjmpetsefingyug &iuserss nallagarnieaats,

na .4 har i.cal l :
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angdeftelains 1 to 12, characterized in that they

have an outer coating. 5 14. Matrix tablets

according t laim.1 char act ed in that.s
out er c@atlgdg%céﬁs i Y letfs atocq easé dCO ary b 581 flims 1
suseailfed-Jrereaserpeldmem advaint age@uffpylpr@hés@n flaG i X

15t hg1 96 0¥BnEANRE | Sithdl Y| 684 | BkOSRre of the following
substances (a) to (f) or a mixture thereof:
a) a substance which irritates the nasal and/or
pharyngeal tracts,

b) a viscosity-increasing agent, leading to
20 formation of a gel when the tablet is dissclved
in a minimum amount of water,
an emetic substance,

)
d) an aversive colouring agent,
) a bittering substance,

)

25 f) an antagonist of the active ingredient(s) which

may be the subject of drug abuse.

12. Matrix tablets according to claim 11,
characterized in that the antagonist agent of the said

30 active ingredient(s) which may be the subject of drug
abuse 1is naloxone or naltrexcone or one of their

pharmaceutically acceptable salts.



derivatives and nethacrylic polyners. 10 15. Matrix
tabl ets according to any of clains 1 to 14,
characterized in that said matri x consists of a

m xture of mcrocrystalline 6&l1ul ose and [ pol yvi nyl
acet at e/ pol yvi nyl pyrrol i done (80:20)] to the
proportion 15 of (1:1) and that said active

i ngredi ents which nmay be given drug abuse belong to
the group of analgesics. 16. Matrix tablets according
to claim15, characterized in that they have an

outer coatingat20x Coasistd ngc@ér@iﬂnyl €8l bul,0%€. chdims 1
Nhtrlxﬁéable s accordin

chdPact'éri zE43F At Rat 2% eyubrgx@% a%ksyofhaY%lé%ger ter

t hecadtinge i1 ngredi ent which nmay be subject to 25

drug abuse over a period of nore than 12 hours. 18

Matrix tablets according to any of clains 1 to

charactéﬁlze%aF?ﬂ¥haFaPﬁ§§saré“¥§ﬁ§BP8 oftoreFéSéanl3
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ri X tablets cont ai ni ng oxycodo ccordi ng

cl aihmsra chizt™ct EPPze @LWR ha?OIt‘IPﬂéS/SJH‘&/e ﬁtlﬁYJa%%JaIUlose

pr efddieadfiyes eneemérityrad mosymatson in man, such

35 that the ratio of the Crmax observed after 66

adm nistration of said tablets to the Crax val ue

obser vedSaf tataidii hilsietd | dpcofdimdg Cont pAYr pf claims 1
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rati.o of AUC opserv or said 10 tablefs to the AU&
valid& 8bsErT et ur W%&f@) ?lre‘) group of analgesics.
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16. Matrix tablets according to claim 15,
characterized in that they have an outer coating

20 consisting of ethylcellulose.

17. Matrix tablets according to any of claims 1
to 16, characterized in that they are capable of
releasing the active ingredient which may be subject to

25 drug abuse over a period of more than 12 hours.

18. Matrix tablets according to any of claims 1
to 17, characterized in that they are capable of
releasing the active ingredient which may be subject to

30 drug abuse over a period of more than 20 hours.

19. Matrix tablets containing oxycodone according
to claim 15, characterized in that they have a plasma
profile after once-a-day administration in man, such

35 that the ratio of the Cmax observed after
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30

extended rel ease tablets containing the sane dose,
lies in the interval of 80 to 125 % 21. Tablets
according to any of claims 1 to 20, 15 characteri zed
in that they can be admi nist@&ed once a day. 22.

Met hod to produce matrix tablets according to any of
claims 1 to 20, characterized in that it 20

conprises the followi ng steps: - mxing the active
ingredient(s) with the excipient(s) of the
conpression matrix, - optional granulation, and -

COoRBhesskNgasabhl Mt Waaqundepieendi tb OnEShé?hQﬁr%B( 2B 1ue
hat s |df%ablet has. %icrush re |% ce of

o)
| e88PCHY §vant HYoURTY At a5t tl%@ ‘extended
Metrbddaaecoradileg st ocehed m2yy ¢har a@areen Zede,i ndedmt not
thgxconprgssion step is conducted without the 30
conpression m xture or the conpression tooling being
subjected to a heating step either before or during

t he acioal Maom‘.imessibdatst epnt6¥ni2d. oMptduthe according

acggrghggo%o %Eﬂgrloﬁ: fy'n%ﬂg%a%Qgrgged in that their

chara rlze al'so conprises a coatlng
st éﬂaaélf‘asﬁFafhé?r @k‘tﬁabP@F.e 8-95Y REMABUSHERBEM ng"t §an
cl asm 24ch chaeactemé zethtiion bhataud~ abbeeeoapritses aaid

CuEEQQe?éeR: tﬁglquﬁﬂgebalﬁgat ] %?% &?@hOf Contin®

pharnmaceut i cal osition orm of tablets
ac@éF@Wﬁ‘@dtléeJ&‘?ﬁF%fta&l&ltﬁsCQUFélQingf@i*e game dose, lles
sushatnedi ek 1St isng tof 1ae6t eye i ngredi ents which

may be the subject of the drug abuse, intended to
prevent the accidental msuse and/or to deter drug
abuse 021t hésdlatsi wedorgiadi éipt @nyl®f claims 1 to 20,

characterized in that they can be administered once a

day.

22. Method to produce matrix tablets according to
any of claims 1 to 20, characterized in that it
comprises the following steps:

- mixing the active ingredient (s) with the

excipient (s) of the compression matrix,

- optional granulation, and

- compressing said mixture under conditions chosen

so that said tablet has a crush resistance of at

least 4 MPa, advantageously at least 6 MPa.

23. Method according to claim 22, characterized
in that the compression step is conducted without the
compression mixture or the compression tooling being
subjected to a heating step either before or during the

actual compression step.
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24. Method according to either of claims 22 and
23, characterized in that it also comprises a coating

step of said matrix tablet.

25. Method according to claim 24, characterized
in that it also comprises a curing step of said outer

coating.

26. Use of a pharmaceutical composition in the
form of tablets according to any of claims 1 to 21, for
the sustained administering of active ingredients which
may be the subject of the drug abuse, intended to
prevent the accidental misuse and/or to deter drug

abuse of these active ingredients.



