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Figure 1 

Dissolution profiles at pH 6 . 8 of non-film coated 40 mg 

oxycodone HCl tablets, obtained according to Example 1. 

Dlssolullon profile of table! batch XCOXSOOQ in 900 mL medium pH 6.8 (paddles, 100 
mm) 
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Figure 2 

Dissolution profiles at pH 6. 8 of non-film coated 40 mg 

oxycodone HCl tablets, obtained according to Example 2. 

Dissolution pro?le of table! batch XCOX5111 in 900 mL medium pH 6.8 (paddles, 10( 
rpm) 
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Figure 3 
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Dissolution profile at pH 6.8 of tablets conforming to 

Example 2, film-coated with a layer of Ethylcellulose 

EC3O D and subjected to a curing step 
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Figure 4 

Comparative dissolution profiles of oxycodone matrix 

tablets conforming to the invention in an ethanol-free 

0.1 N HCl medium and in a 0.1N HCl medium containing 

40 % ethanol 

Tablet batch XCOX5112.2740mg 
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Figure 5 

Dissolution profiles of oxycodone matrix tablets 

conforming to the invention in two dissolution media of 

different pH (1.2 and 6.8) 

Oxycodone QD 40mg 
Di§olution : 900ml-paddles-100rpm 
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Figure 6 

24-hour dissolution profiles of 40 mg oxycodone tablets 

conforming to the invention after a storage period in 

Al/Al blister pack under accelerated stability conditions 

of 1 month, 2 months, 3 months and 6 months. 

Oxycodone 00 40mg . 

Stability 40°Cl75% RH-Al/Al blister 

Dissolved % 

Hours 
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Figure 7 

24-hour dissolution profiles of 20 mg oxycodone tablets 

conforming to the invention after a storage period in 

HDPE bottles with desiccant under accelerated stability 

conditions of 1 month, 2 months and 3 months. 

Oxycodone QD 20mg 
Stability 40°Cl75% RH- HDPE bottle + desiccant 

Dissolved 0/o 
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Figure 8 

Plasma profiles of oxycodone after once-a-day 

administering of 40 mg oxycodone tablets conforming to 

the invention, and 40 mg oxycodone tablets of the 

reference product Oxycontin® 

Plasma pro?les of oxycodone after once-a-day administering of 
oxycodone tablets conforming to the invention and 
40 mg oxycodone tablets of the reference product Oxycontin, 
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Figure 9 

24-hour dissolution profile of ultra-hard non-coated 

tablets containing oxycodone and naloxone, at pH 6.8. 
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Figure 10 

lO-hour dissolution profiles at pH 6.8 of ultra 

hard, non-coated 20 mg oxycodone tablets comprising a 

matrix containing mineral excipients 
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Figure 11 

Dissolution profiles of tablets conforming to the 

invention (<< QD >>) and tablets of the reference product 

Oxycontin® (ref) at pH 6 . 8, for whole tablets, tablets 

cut in half, or crushed (<< in pieces ») 

OXYCONTIN 20mg versus Oxycodone 00 20mg 
medium pH 6.8 
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Figure 12 

Dissolution profile of hydromorphone microgranules in an 

aqueous medium (0. 1 N HCl) under three conditions: 

without ethanol, in the presence of 20% ethanol and in 

the presence of 40% ethanol for 4 hours 

Matrix micro-tablets containing 50% 
Kollidon SR (batch RD1095L1C1) 

+ 0.1 N HCI 

--~§~-- 20% EtOH 

Wis-w 40% EtOH % active Ingredient release 

Time (min) 
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Figure 13 

Dissolution profile of morphine sulfate microgranules in 

pH 6.8 dissolution medium 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 

Comparison of pro?les in different dissolution media with 
different alcohol content (batch NP062M2L1C1) 
(100 rpm, 30 mglvessel, 500 ml, rotating paddle) 
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Figure 14 

Comparative dissolution tests between ultra-hard morphine sulfate 

tablets of the invention and commercially available morphine sulfate 

tablets (Avinzam); A) in 0.1 N HCl medium with 20% ethanol; B) in 

0.1 N l-lCl medium with 40% ethanol 

A) 

Comparison of dissolution profiles 
in 0.1M HCI with 20% ethanol 

(100 rpm, 30 mglvessel, 500 ml, rotating 
paddle, UV) 
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Comparison of dissolution pro?les 
in 0.1M HCI with 40% ethanol 

(100 rpm, 30 mglvessel, 500 ml, rotating 
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CRUSH-RESISTANT TABLETS INTENDED TO 
PREVENT ACCIDENTAL MISUSE AND 

UNLAWFUL DIVERSION 

[0001] The present invention concerns insoluble matrix 
tablets having very high crush resistance. 
[0002] These matrix tablets Which are unbreakable under 
usual conditions, non-friable and insoluble in an aqueous 
medium, are of particular interest as reservoirs for psycho 
tropic agents since they can reduce and even prevent addictive 
abuse of these substances by crushing, dissolving and injec 
tion, or by crushing and inhalation. 
[0003] The present invention also concerns the method to 
obtain said tablets and their use for sustained-release, oral 
administering of the active ingredients, and in particular of 
psychotropic active ingredients. 
[0004] With respect to tablets containing sustained-release 
opiate agents, in particular oxycodone, the phenomenon of 
accidental misuse may assume several aspects. First, it may 
arise from failure to heed administering conditions. It may 
happen that the tablet, intended to be sWalloWed, is acciden 
tally cheWed by the patient. The consequences of full or 
partial destruction of the tablet Whose structure is intended to 
delay the release of the active ingredient, can prove to be 
dangerous and even fatal for the patient (excess dosage lead 
ing overdose). This is the reason Why the lea?et supplied With 
the drug OxyContin® LP speci?cally states that <<The tab 
lets must be sWalloWed Whole Without being cheWed>>. 
[0005] Also, accidental misuse of drugs containing sus 
tained-release oxycodone has also been observed When 
patients simultaneously, or Within a short time interval, ingest 
the drug With a strong dose of alcohol. 
[0006] It has effectively been observed With a sustained 
release form of hydromorphone that the presence of alcohol 
in the stomach deteriorated the layer of excipients designed 
for sustained release of the active ingredient, leading to 
release into the body of a major quantity of active ingredient 
(<<dose-dumping>>), once again the cause of a dangerous 
overdose. 

[0007] The lea?et supplied With OxyContin® LP for 
example indicates in the list of contraindications that the 
consumption of alcohol is to be avoided With this drug. 
[0008] Similarly, in the United States, the FDA (Food and 
Drug Administration) gives a serious Warning to patients 
treated With OxyContin® not to consume alcoholic drinks 
during the period of treatment (see in particular: http://WWW. 
fda.gov/cder/drug/infopage/oxycontin/oxycont in-qa.htm). 
[0009] There is therefore a real need to prevent this type of 
accidental misuse to increase patient safety, Whilst maintain 
ing a simple, comfortable route of administration (oral route). 
[0010] Since the placing on the French pharmaceutical 
market in 1990 of substitute treatments for opiate drugs, in the 
form of sublingual tablets (Temgesic®) initially packed in a 
form for injection, an increase has been observed in the phe 
nomenon of abuse of certain psychotropic agents by drug 
addicts. 

[0011] The term deliberate misuse or illicit use (or more 
usually “drug-abuse”) is used to qualify the use of certain 
medicinal products for addiction purposes, in particular the 
use of certain psychotropic or narcotic agents eg opioids or 
their derivatives intended to treat severe pain or to treat addic 
tion to opiate drugs. 
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[0012] Abuse by parenteral/ nasal route of sustained-release 
active ingredients normally intended for oral route, gives drug 
addicts the opportunity to achieve immediate, accumulated 
psychotropic effects of the total active ingredient dose present 
in the initial formulation. 
[0013] For example, in the particular case of buprenor 
phine, a poWerful opioid analgesic initially sold as a prepa 
ration under the name Temgesic® for the substitution treat 
ment of drug addicts, it is estimated that 25% to 30% of the 
treatments sold are given abuse by parenteral or nasal route. 
The same applies to the preparation called Subutex® (sublin 
gual tablets With high buprenorphine dosage manufactured 
by Schering-Plough) o?icially used as substitution treatment 
in tens of thousands of opioid drug addicts, for Which it is 
estimated that 34% of consumers abuse the drug by injection 
and approximately 30% by nasal route. 
[0014] Yet the phenomenon of drug abuse is also seen With 
preparations intended to treat severe pain, such as morphine 
sulphate (Skenan®) and oxycodone for example (Moscon 
tin®, OxyContin® LP) or moderate pain (Neocodion®). 
These sustained-release forms contain large quantities of 
opioids intended to limit pain over long periods, and abuse 
thereof gives rise to the massive release of morphine deriva 
tives. 
[0015] Drug abuse also affects other classes of therapeutic 
drugs, in particular benZodiaZepines (Rohypnol®), and to a 
lesser extent certain neurological treatments (Artane® Anti 
parkinson drug). 
[0016] As a result, these therapeutic or substitution treat 
ments, 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 abuse: parenteral administra 
tion (injection) and nasal administration (inhalation). 
[0017] With regard to abuse by injection, the tablet or cap 
sule containing the active ingredients of interest is reduced to 
a ?ne poWder using any possible means available to the drug 
addict, in particular a mortar or lighter, even simply by cheW 
ing or biting the tablet. The rough poWder obtained, Which 
necessarily contains the excipients initially present in the 
pharmaceutical form, can then be dissolved in a small volume 
of liquid (a feW millilitres) sometimes previously heated and/ 
or to Which an acid is added for certain active ingredients 
present in base form (broWn heroin, base morphine). The 
liquid obtained can then be roughly ?ltered to limit the entry 
of large particles into the bloodstream, using a cigarette ?lter 
for example, before it is injected via intravenous route. 
[0018] In this case, the active ingredient then becomes 
immediately available in the bloodstream, since there is no 
longer any excipient to delay its release, giving rise to an 
immediate psychotropic effect sought by drug addicts. 
[0019] Abuse by inhalation also consists of crushing the 
pharmaceutical form until a suf?ciently ?ne poWder is 
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 effect is able to be achieved. 
[0020] Drug abuse is also accompanied by numerous health 
risks related directly to injection or inhalation of the excipi 
ents and of non-puri?ed crush residues, little or ill-?ltered and 
non- sterile. Recent studies report that some tampered tablets 
are sometimes dissolved directly in the syringe, then injected 
Without any prior ?ltering, this practice being directly respon 
sible for numerous deaths through pulmonary embolism. 
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Additionally, the addition of acids in non-sterile liquid form 
(lemon juice) to the crush residues is apparently also respon 
sible for the transmission of bacterial or mycosal pathologies 
(candidiasis). 
[0021] These practices therefore come to increase the 
already high risks of viral and bacterial transmissions and 
complications of dermatological type (abscesses, necrosis) 
related to the parenteral injection itself. Also, regarding the 
injection of Subutex® tablets, the presence of corn starch in 
the tablet formulation is responsible for the onset of oedema 
due to this excipient Which, once injected, accumulates in the 
lymph and venous systems leading to sWelling of the loWer 
limbs. 
[0022] To limit these problems, one approach consists of 
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. 
[0023] This is the case for example With formulations com 
bining methadone and naloxone, initially described in US. 
Pat. No. 3,966,940 and US. Pat. No. 3,773,955. 
[0024] This abuse-deterrent formulation Was reproduced in 
the particular case of buprenorphine. Patent EP 0 185 472 for 
example describes an oral formulation of buprenorphine also 
containing an effective dose of naloxone, Which acts as com 
peting antagonist at the morphone receptors. Since naloxone 
has only very slight bio-availability via oral route, it little 
hinders the analgesic action of buprenorphine When the 
medicinal product is administered conventionally per os. On 
the other hand, When subject to abuse by parenteral route, 
naxolone becomes fully available and inhibits the analgesic 
action of buprenorphine. With this type of chemical associa 
tion, hoWever, the oral pharmaceutical form remains crush 
able and soluble in an aqueous medium. 

[0025] One sublingual formulation combining naltrexone 
With buprenorphine has also been described in patent EP 0 
319 243. With said association, it is possible in particular to 
increase the antagonist effect of naltrexone With respect to 
opioids, Whilst providing consumers With a non-euphori 
genic, analgesic sensation even if the composition is abused 
by parenteral route. This type of formulation therefore has 
little appeal for a drug addict and contributes toWards curbing 
the phenomenon of drug abuse. HoWever, this approach nec 
essarily has recourse to the co-administering of tWo active 
ingredients, leading to increased production costs and sale 
price of the medicinal product. 
[0026] Still using an approach combining the association of 
the opioid 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” in a compartment preventing it 
from being released When the medicinal product is taken 
normally by oral route. On the other hand, if the product is 
tampered With by crushing, deterioration of the structure 
leads to mixing of the tWo active agents and to inhibition of 
the sought after psychotropic effect. 
[0027] 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 and high pro 
duction costs. 

[0028] Also, patent application US 2003/0068392 
describes a pharmaceutical form in Which the opioid agent is 
associated not only With an antagonist, but also With an irri 
tant agent sequestered in a closed compartment. Tampering 
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With the pharmaceutical form inevitably leads to release of 
the irritant. This form therefore requires the association of 
three active agents, and the creation of compartmented areas, 
Which makes its manufacture complex and more costly than a 
simple pharmaceutical form such as a tablet. 

[0029] Other companies have developed pharmaceutical 
systems in Which the opioid or substance Which may be 
subject to abuse is not associated With an antagonist. For 
example, patent application US 2005/0281748 teaches the 
manufacture of an oral dosage pharmaceutical form in Which 
the opioid agent of interest is modi?ed so as to increase its 
lipophilicity, by forming a salt betWeen the active agent and 
one or more fatty acids. 

[0030] This pharmaceutical form alloWs the sustained 
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. 

[0031] On the other hand, any physical tampering of the 
pharmaceutical form releases microparticles of active ingre 
dient coated With an insoluble layer, preventing the immedi 
ate release of the active ingredient in an aqueous medium. 
Said formulation requires chemical conversion of the active 
ingredient. 
[0032] Patent application US 2003/0118641 describes an 
oral dosage form of opioid With sustained release, in Which 
the active opioid ingredient is associated With a hydrophilic 
polymer matrix and a cationic resin. Since the resin carries 
opposite charges to the active ingredient, it binds to this 
ingredient Within the polymer matrix, preventing its extrac 
tion. 

[0033] Said pharmaceutical form renders the active com 
pound inseparable from the excipients responsible for its 
sustained release in the body, even if usually available sol 
vents are used (hot Water, alcohol, vinegar, hydrogen perox 
ide, etc. . . . ). 

[0034] Some companies have developed pharmaceutical 
systems containing gels. For example Pain Therapeutics Inc. 
and Durect use a biodegradable gel Which can be adminis 
tered via oral or parenteral route, consisting of an agent With 
high viscosity: SucroseAcetate lso Butyrate (SAIB). This gel 
alloWs sustained release of an opioid agent, oxycodone. This 
type of gel, Which is the subject of US. Pat. No. 5,747,058 
and US. Pat. No. 6,413,536 maintains its capacity to release 
the active ingredient controllably over periods of 12 to 24 
hours, even if the capsules containing the same are deterio 
rated or crushed. The main interest of 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 III clini 
cal trials). 
[0035] 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. 
[0036] These gel-containing pharmaceutical forms are 
complex formulations, Which ?rstly 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. 
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[0037] Means are also known With Which to manufacture 
matrix tablets of very high hardness. Patent EP 0 974 355 
describes tablets obtained by granulating a hydrosoluble vita 
min mixed With at least one additive of saccharide type, in the 
presence of a conventional polymer binder such as HPMC for 
example. Said tablets, intended for swift release of the hydro 
soluble vitamin in the body, have high hardness strength, in 
the order of 20 to 30 kp/cm2 (kiloponds/cm2), Which is 
equivalent to hardness values of approximately 1.96 to 2.94 
MPa. Although relatively hard and consisting of more than 
90% hydrosoluble vitamin and of excipients that are also 
hydrosoluble (HPMC, saccharides), these tablets disintegrate 
rapidly in the body (disintegration time in the region of 10 to 
15 minutes). Said tablets are ?rstly fully unsuitable for sus 
tained release of the active ingredient, and secondly are easily 
dissolved in an aqueous medium, making them un?t for use as 
pharmaceutical form for substances Which may be given 
abuse. 

[0038] 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 tab 
lets 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 min 
utes. 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. 

[0039] Patent EP 0 997 143 describes the production of 
bi-convex matrix tablets of very high hardness (up to 1 .1 MPa 
i.e. around 11 kp/cm2) and With a friability of less than 1%, 
obtained after compressing a matrix consisting chie?y of a 
compressible, disintegratable carbohydrate (generally man 
nitol) and a binder. Said cheWable tablets, even if they have 
very high hardness in the solid state, dissolve in an aqueous 
medium and after a very short period of time in the mouth, and 
therefore rapidly release the active ingredient into the body. 
[0040] The manufacture of matrix tablets intended for the 
sustained release of an active substance in the body, and also 
having high hardness, is taught by US. Pat. No. 6,592,901. In 
this document, tablets are obtained having good compress 
ibility characteristics and containing a particular grade of 
ethylcellulose (non-ionic ethyl ether of celluloseisold under 
the trade name Aqualon®), that is pH-independent, highly 
substituted and of loW viscosity. The crush 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 is achieved sloWly since the tablets obtained 
from this model shoW a release pro?le in Which less than 80% 
of the active ingredient is released after 24 hours. 

[0041] 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 particu 
lar, the authors shoW that it is possible to obtain very hard 
matrix tablets using mineral excipients of the calcium phos 
phate family, such as tricalcium phosphate or hydroxyapatite, 
by direct compression. For example, from a tricalcium phos 
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phate poWder, previously granulated then compressed under 
compression forces in the order of 300 MPa, it is possible to 
obtain tablets Whose crush resistance (tensile strength) can 
reach 6.5 MPa. HoWever, this article does not give any infor 
mation on the capacity of such tablets to release one or more 

active ingredients over an extended period of time, nor the 
capacity of such pharmaceutical structures to remain intact in 
an aqueous medium. 

[0042] Thesis research on apatitic calcium phosphate com 
pression by C. Pontier (“Les phosphates de calcium apati 
tiques en compression. De la chimie aux qualite's d’usage 
r‘The‘se de l ’Université de Paris XI, presented on 25 Sep. 
2001) shoWs that it is possible, after compression, to obtain 
matrix tablets containing calcium phosphates (hydroxyapa 
tite and tricalcium phosphate in particular), having very high 
crush resistance possibly reaching 7 MPa. 
[0043] 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 on the capacities of said 
tablets to remain intact in an aqueous medium, and hence to 
resist abuse by crushing in a liquid medium. 
[0044] Patent application US 2005/0031546 concerns an 
abuse-deterrent pharmaceutical form containing one or more 
active ingredients liable to give rise to addiction, and at least 
one synthetic or natural polymer necessarily having a tensile 
strength of at least 500 N. The only polymer speci?cally 
described is ethylene polyoxide having a molecular Weight of 
7 000 000 optionally associated With an xanthane gum. These 
tablets can be prepared using a method Which comprises a 
compression step preceded by a heat exposure step, concomi 
tant With a heat exposure step or folloWed by a heat exposure 
step. Therefore the heat exposure step is necessary to obtain 
the desired hardness. This step, even if of short duration, is 
?rstly not applicable to heat-sensitive active ingredients and 
secondly requires the use of special equipment and extra 
energy consumption Which contributes toWards increasing 
the cost of the process. 
[0045] There is therefore a true need for the development of 
a pharmaceutical form Which alloWs the safe administering of 
active ingredients having a psychotropic effect and Which are 
released over an extended period of time i.e. Which has a 
pharmaceutical structure Which makes both its crushing and 
its dissolution highly dif?cult or even impossible, and further 
Which prevents the extraction and separation of the active 
ingredient from the agents responsible for its sustained 
release. In addition, it must be possible for this pharmaceuti 
cal form to be produced using an extremely simple manufac 
turing method, that is rapid and loW cost. 
[0046] 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 elimi 
nate the phenomenon of drug abuse. 
[0047] 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, containing at least one active 
ingredient Which may be the subject of drug abuse dispersed 
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in a compression matrix, said matrix consisting of at least one 
excipient chosen from the group comprising sustained-re 
lease, Water-insoluble, pH-independent polymers, mineral 
excipients and their mixtures, the quantity of said excipient 
and the compression conditions being chosen so that said 
tablets have a crush resistance of at least 4 MPa, advanta 
geously at least 6 MPa. 

[0048] Advantageously, the compression conditions do not 
necessarily entail a heating step of the mixture to be com 
pressed, or of the compression tooling either before or during 
the actual compression step. 
[0049] Preferably the tablets conforming to the invention 
are used to produce pharmaceutical forms capable of releas 
ing the active ingredient or ingredients they contain, in par 
ticular opioid agents, over a period of 24 hours, making it 
possible for these active ingredients to be taken once-a-day. 
[0050] 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 dissolving it in a small quantity 
of liquid for its parenteral injection. 
[0051] The term matrix tablet is used to designate a tablet 
Who se inner structure is homogeneous and identical from the 
core toWards the periphery of the tablet. Therefore the tablets 
of the present invention consist of a homogeneous mixture of 
active ingredient in poWder or granule form and of a com 
pression matrix containing at least one excipient chosen from 
the group comprising sustained-release, Water-insoluble, pH 
independent polymers, mineral excipients and their mixtures. 
[0052] Under the present invention, the term compression 
matrix is used to designate all the excipients Which take part 
in the cohesion of the tablet. Said compression matrix is both 
Water-insoluble and has a certain permeability (hydrophilic 
matrix) or a porous netWork (inert matrix) responsible for 
gradual release of the active ingredient, Which does not vary 
in relation to the pH conditions of the medium. 

[0053] The term <<compression mixture>> in the present 
application is used to designate all the constituents of the 
tablet (the active ingredient or ingredients, Whether granu 
lated or not, and the constituents of the compression matrix) 
before their compression into tablet form. 
[0054] In the present application, the notions of crush resis 
tance and of hardness are both used to characteriZe the tablets. 
Hardness characteriZes the tensile strength of the tablet under 
a diametral-compression test. A round tablet is placed 
betWeen tWo jaWs, one of Which is ?xed and the other mobile. 
Hardness corresponds to the force applied by the mobile jaW 
Which causes rupture of the tablet into tWo more or less equal 
parts. It is expressed in NeWtons (N) ou KiloneWtons (kN) 
(see European Pharmacopoeia: ref: 01/2005:20908). 
[0055] Crush resistance is inferred from measurement of 
hardness: it is a parameter Which takes into account the sur 
face area of the tablet exposed to the force, and corresponds to 
strength per unit surface area expressed in Pascals (Pa) ou 
Megapascals (MPa), 1 MPa corresponding to 1 NeWton per 
m2. Crush resistance is a parameter of particular interest to 
compare the behaviour of tablets With different surface areas, 
since it does not require recourse to the parameter of tablet 
siZe. Its calculation formula is the folloWing (as per <<Deter 
mination of tablet strength by the diametral-compression 
test>>. Fell, J. T.; NeWton, J. M. J. Pharm. Sci., 59 (5): 
688-691 (1970)): 
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in Which: 
[0056] Rd is the diametral tablet breaking load (in MPa) 
[0057] F is the hardness of the tablet (in N) 
[0058] D is the diameter of the tablet (in mm) 
[0059] H is the thickness of the tablet (in mm). 
[0060] In the present application, the expression <<sus 
tained-release>> polymers is used to designate polymers rou 
tinely used in the pharmaceutical industry 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 effec 
tively have certain permeability vis-a-vis the surrounding 
medium, responsible for gradual diffusion of the active ingre 
dient out of the polymer matrix. Therefore the loWer the 
permeability of the polymer, the more the diffusion of the 
active ingredient is sustained. 
[0061] Under the present invention, the expression pH-in 
dependent polymers is used to designate those polymers 
capable of forming a permeable netWork or matrix, and 
Whose permeability is not in?uenced by the pH of the sur 
rounding medium. 
[0062] The tablets of the invention are tablets With very 
high hardness (hereunder called <<ultra-hard tablets>>). 
Their structure is such that their crushing cannot be envisaged 
using conventional domestic techniques, and their dissolution 
in an aqueous medium, even an acidi?ed medium, is practi 
cally impossible. 
[0063] This extreme hardness is also accompanied by little 
or no friability, Which means that these tablets are a pharma 
ceutical form of choice for active ingredients likely to be the 
subject of drug abuse, such as psychotropic agents for 
example. This very loW or non-friability makes the tablets 
practically unbreakable using conventional or domestic tech 
niques (spoon, mortar, lighter . . . ). 

[0064] The tablets of the invention are also practically 
insoluble in an aqueous medium, even at loW pH (pH <3). 
These characteristics make them dif?cult to administer via 
parenteral route. 
[0065] The tablets of the invention are also insoluble in an 
alcohol medium, Which means that they can be taken even if 
alcohol is ingested, thereby avoiding accidental misuse. 
[0066] 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. 
[0067] Advantageously, the tablets of the invention are 
used to produce pharmaceutical forms of opioid agents hav 
ing once-a-day administration. 
[0068] 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 con 
taining the active ingredient, is extremely simple, alloWing 
for its easy industrial production since it requires a simple 
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compression step of the mixture Without the need to heat the 
compression tooling and/or mixture to be compressed either 
before or during the actual compression step. 

[0069] Advantageously, the compression matrix of the tab 
lets conforming to the invention represents 50 to 98 Weight % 
of the total Weight of the tablets, further advantageously 85 
and 95 Weight % of the total Weight of the said tablets. 

[0070] The excipients, Which can be used alone or in a 
mixture in the matrix composition of the tablets of the inven 
tion, can be of organic type; they then belong to the group 
comprising cellulose derivatives and in particular microcrys 
talline cellulose (eg that sold under the trade name Avicel®) 
and ethylcellulose (e. g. that sold under the trade name Aqua 
lon®), the polymers of the family of Water-insoluble, pH 
independent methacrylic acids, in particular the grades 
Eudragit® 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 the mixture of microcrys 
talline cellulose and [polyvinyl acetate/polyvinylpyrrolidone 
(80:20)] (sold under the trade name Kollidon SR®) and the 
mixture of microcrystalline cellulose and [poly(ethylacry 
late/methylmethacrylate/trimethylamonioethyl methacrylate 
chloride) (1:2:0.2)]. 
[0071] Advantageously, the sustained-release, Water-in 
soluble, pH-independent polymers of the present invention 
belong to the group comprising cellulose derivatives, 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/trimethylamo 
nioethyl methacrylate chloride) (1 :2:0.2)]. 
[0072] The excipients of the compression matrix can also 
be of mineral type: they then belong to the group comprising 
calcium phosphates (in particular dicalcium or tricalcium 
phosphates), aluminium and silicon silicates, and magnesium 
carbonates. 

[0073] The compression matrix of the tablets according to 
the invention can advantageously consist of a mixture of 
several of the above-mentioned excipients. It may be a mix 
ture of organic polymers such as microcrystalline cellulose 
and of vinyl derivatives in variable proportions, or a mixture 
of organic polymer+mineral derivative such as a mixture of 
calcium and silicon silicate+microcrystalline cellulose in 
variable proportions. 
[0074] The excipients present in the compression matrix of 
the tablets conforming to the present invention advanta 
geously 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. 
[0075] 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 (1: 1) mixture 
of microcrystalline cellulose and of the mixture [polyvinyl 
acetate/polyvinylpyrrolidone to a proportion of 80:20 (sold 
under the trade name Kollidon SR®)], or a mixture of micro 
crystalline cellulose and [polyethylacrylate/methylmethacry 
late/trimethyl-amonioethyl methacrylate chloride in propor 
tions of (1 :2:0.2)]. Advantageously, these tWo polymers each 
represent a Weight proportion in the order of 40% of the total 
Weight of said compression matrix. 
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[0076] The compression matrix can advantageously, in 
addition to the excipients of the compression matrix, contain 
one or more excipients intended to promote the conducting of 
the compression process such as anti-adherent agents eg 
colloidal silica, talc, magnesium stearate, Polyethylene Gly 
col (PEG) or calcium stearate, or to promote cohesion of the 
tablets on compressing such as binders conventionally used 
for this purpose, in particular starches, cellulose derivatives, 
or ?llers, lubricants, plasticiZers, bulking agents, or sWeeten 
ers or colouring agents. 

[0077] If present, these excipients are used conventionally 
to the proportion of 0.1 to 10 Weight % of the total Weight of 
the compression matrix, preferably betWeen 0.5 and 5 Weight 
%. 

[0078] Said compression matrix may also comprise at least 
one the folloWing substances (a) to (f) or a mixture thereof: 

[0079] (a) a substance Which irritates the nasal and/or 
pharyngeal tracts, 

[0080] (b) an agent increasing viscosity, alloWing the 
formation of a gel When the tablet is dissolved in a 
minimum amount of Water, 

[0081] (c) an antagonist of the active ingredient(s) Which 
may be subject of drug abuse, 

[0082] (d) an emetic substance, 
[0083] (e) a colouring agent as aversive agent, 

[0084] (f) a bittering substance. 
[0085] If the active ingredient is a natural or synthetic opi 
ate derivative, the antagonist is advantageously chosen from 
the group comprising naloxone, naltrexone, nalmefene, nalid, 
nalmexone, nalorphine and naluphine, these different com 
pounds each being either in a pharmaceutically acceptable 
form, in particular a base or salt, or solvated form. These 
antagonists are present in doses conventionally used, in par 
ticular to the proportion of 0.5 to 100 mg per tablet. 

[0086] In one advantageous embodiment of the invention, 
said antagonist agent is naloxone or one of its pharmaceuti 
cally acceptable salts. 
[0087] The tablets conforming to the invention are there 
fore of particular interest as reservoirs for active ingredients 
Which may be given drug abuse, and Which are intended to be 
released into the body over periods of more than 8 hours, 
preferably more than 12 hours, and further preferably more 
than 20 hours. 

[0088] The active ingredients contained in the tablets of the 
invention can be present in any form known to those skilled in 
the art, in particular in poWder, crystal or granule form. 
[0089] The tablets conforming to the invention may contain 
one or more active ingredients Which may be of 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. 

[0090] Preferably, the tablets of the invention are used to 
produce once-a-day pharmaceutical dosage forms. 
[0091] 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 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. 
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[0092] Therefore, the tablets conforming to the invention 
are preferably used for the sustained release of active ingre 
dients belonging to the family of psychotropic agents i.e. 
capable of acting on the psyche by stimulating, tranquilliZing 
or hallucinogenic effects. 

[0093] Therefore, the active ingredients Which can be used 
under the present invention are preferably derivatives and/or 
alkaloids of opium, Whether natural or synthetic, such as 
codeine, narceine, noscapine and their salts. 
[0094] The active ingredients Which can be used in the 
invention also belong to the group comprising morphine, its 
derivatives and their salts, in particular morphinenes such as 
pholcodine, nalorphine, codeine, dihydrocodeine, hydromor 
phone, and morphinanes such as buprenorphine, butorphanol, 
dextromethorphane, nalbu?ne, naltrexone, naloxone, 
nalmefene, hydrocodone, oxymorphone and oxycodone, and 
in general all analogs of morphine and all morphine analge 
sics such as fentanyl, tramadol, apomorphine and etorphine. 
[0095] The present invention also relates to alkaloid deriva 
tives, Whether natural or synthetic, having a psychotropic 
effect such as cocaine or heroin. 

[0096] Finally, the present invention also relates to any 
substances currently used for therapeutic purposes to treat 
addiction to opiate drugs and/ or as substitution and disintoxi 
cation treatment, such as methadone and buprenorphine for 
example, highly subject to drug abuse. 
[0097] In general, the present invention can also be consid 
ered for all other therapeutic classes of medicinal products 
that are currently the subject of drug abuse, in particular 
neuroleptics, tranquilliZers, hypnotics, analgesics, anxiolyt 
ics, and in particular the class of benZodiaZepines. 
[0098] The active ingredient(s) in the tablets of the inven 
tion can represent betWeen 5 and 70 Weight % of the total 
Weight of the tablet. Advantageously the active ingredient(s) 
represent 10 to 50 Weight % of the total Weight of the tablet. 
The active ingredient(s) can be added directly to the mixture 
to be compressed, coated on carriers (to obtain microgran 
ules) or Wet- or dry-granulated (to obtain granules). 
[0099] If the active ingredient(s) are in the form of micro 
granules, these micro granules can be obtained conventionally 
by depositing (coating) the active ingredient(s) on the surface 
of pharmaceutically neutral carriers, such as pre-manufac 
tured microspheres containing cellulose or a mixture of sugar 
and starch sold under the name “neutral cores” or “sugar 
spheres”, or they may be granules of other excipients such as 
lactose for example. 
[0100] The depositing (coating) method of the active ingre 
dient is a conventional method knoWn to those skilled in the 
art and may vary in relation to the type, quantity and fragility 
of the active ingredient(s) to be deposited. Therefore depos 
iting (coating) can be made by spraying a solution or suspen 
sion 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 carrier previously moistened With a 
binder solution. 

[0101] 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 agent, depending on techniques, here 
again Well knoWn to those skilled in the art. 

[0102] The granules thus obtained are mixed With the 
excipients of the compression matrix, and the mixture is then 
compressed. 
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[0103] The exceptional hardness of the tablets conforming 
to the invention can be obtained Without it being necessary to 
apply a heating step, before or during compression, either to 
the mixture to be compressed (compression matrix and active 
ingredient) and/or to the compression tooling (press). 
[0104] Advantageously, the granules containing the active 
ingredient(s) of interest have a diameter alloWing a good 
compression yield, i.e. generally betWeen 100 and 600 pm. 
[0105] According to another embodiment of the invention, 
and if particle siZe so permits, the active ingredient is mixed 
directly With the excipients forming the compression matrix, 
then the mixture is directly compressed. 
[0106] Finally, another possible embodiment of the inven 
tion consists of mixing the active ingredient With the excipi 
ent(s) of the compression matrix, then dry- or Wet-granulating 
this mixture to obtain directly compressible granules. 
[0107] 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 m2. 
[0108] The present invention is therefore suitable for the 
production of tablets With either loW or high doses of active 
ingredient. 
[0109] According to one particular embodiment of the 
invention, the tablets can be ?lm-coated With an outer coating 
Which those skilled in the art Will knoW hoW to adapt in 
relation to needs and the intended function of this coating. 
[0110] For example, the outer coating can be applied for the 
purpose of protecting the active ingredient, if it is a labile 
active ingredient sensitive to the loW pH values of the gastric 
medium for example, in Which case the term gastroresistant 
coating is used. 
[0111] Also, the outer coating can be applied to further 
delay diffusion of the active ingredient through the matrix. 
For this purpose different grades of ethylcellulose can be 
used, or of methacrylic polymers Well knoWn to the skilled 
person. 
[0112] Finally, the outer coating can be used to modify the 
cosmetic appearance of the tablet (texture, colour) and/or 
palatability (taste/ feel in the mouth) for the patient. In par 
ticular, excipients can advantageously be used such as cellu 
lose derivatives or acrylic derivatives Well knoWn to those 
skilled in the art, to mask the taste of the active ingredient if 
necessary. 
[0113] Said coating can therefore consist of a mixture of 
one or more excipients of different type knoWn to those 
skilled in the art, used either alone or in a mixture for the 
different functions listed above. 
[0114] The excipient(s) used for coating are applied in a 
manner knoWn to those skilled in the art, in the necessary 
quantity to obtain the desired function(s). 
[0115] These excipients can be applied to the surface of the 
tablet in conventional manner by spraying a solution or sus 
pension of coating agent in a solvent, in a perforated pan or 
?uidized bed for example. 
[0116] The present invention also concerns the method to 
manufacture the tablets of the invention. This method com 
prises the folloWing steps: 

[0117] mixing the active ingredient(s) With the excipient 
(s) of the compression matrix, 

[0118] optional granulation, and 
[0119] compressing said mixture under conditions cho 

sen so that said tablet has a crush resistance of at least 4 
MPa, advantageously at least 6 MPa, 

[0120] optional coating of the tablet. 
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[0121] If the coating polymer of the tablet is a sustained 
release polymer, the coated tablets conforming to the inven 
tion can advantageously undergo a curing step of said coating 
polymer to guarantee its physical and chemical stability. This 
step is conducted under controlled temperature conditions, 
beloW the melt temperature of the active ingredient, and for a 
controlled time Which is dependent upon the coating polymer 
and Which may last betWeen 1 minute and several months, for 
a relative humidity rate of 50 to 99%. This step can be con 
ducted in an oven or pan. 

[0122] The active ingredient can be mixed directly in the 
compression matrix, or mixed in the form of previously pre 
pared granules or microgranules. This granulation step 
improves the uniform resistance of the tablets produced. Pref 
erably, for granules, Wet-granulation is used (aqueous or 
organic), or for microgranules the active ingredient is depos 
ited by spray-coating in solution or suspension onto neutral 
carriers. 

[0123] 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 either before and/ or dur 
ing compression to the mixture to be compressed or to the 
compression tooling, for the purpose of achieving the excep 
tional hardness ob served With the tablets of the invention. The 
applied compression forces lie betWeen 10 kN and 160 kN, 
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 MPa. 
[0124] Examples 1 to 10 and FIGS. 1 to 14 given beloW are 
intended to illustrate the invention but do not in any Way limit 
its scope. 

[0125] FIG. 1 gives the dissolution pro?le in phosphate 
buffer medium pH 6.8 (monopotassium phosphate/disodium 
phosphate) of 40 mg oxycodone HCl tablets, non-?lm coated, 
obtained according to example 1. 
[0126] FIG. 2 gives the dissolution pro?le at pH 6.8 of 
non-?lm coated, 40 mg oxycodone HCl tablets, obtained 
according to example 2. 
[0127] FIG. 3 gives the dissolution pro?le in phosphate 
buffer medium pH 6.8 (monopotassium phosphate/disodium 
phosphate) of tablets conforming to example 2, ?lm-coated 
With a layer of ethylcellulose EC30 D, Which have undergone 
curing under the conditions of example 3. 
[0128] FIG. 4 gives the comparative dissolution pro?les of 
oxycodone matrix tablets according to the invention in an 
ethanol-free 0.1 N HCl medium, and in a 0.1 N HCl medium 
containing 40% ethanol such as measured according to 
example 4. 
[0129] FIG. 5 illustrates the dissolution pro?les of oxyc 
odone matrix tablets conforming to the invention in tWo dis 
solution media of different pH (1.2 and 6.8) folloWing the 
operating mode described in example 4. 
[0130] FIG. 6 illustrates the 24-hour dissolution pro?les of 
40 mg oxycodone tablets according to the invention, after a 
storage period in alu/alu blister packs under accelerated sta 
bility conditions of 1 month, 2 months, 3 months and 6 
months under the conditions of example 4. 
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[0131] FIG. 7 illustrates the 24-hour dissolution pro?les of 
20 mg oxycodone tablets conforming to the invention, after a 
storage period in HDPE bottles With a desiccant under con 
ditions of accelerated stability of 1 month, 2 months and 3 
months. 

[0132] FIG. 8 gives the plasma pro?les of oxycodone after 
once-a-day administration of 40 mg oxycodone tablets con 
forming to the invention, and 40 mg oxycodone tablets of the 
reference product OxyContin®, according to example 4. 
[0133] FIG. 9 illustrates the 24-hour dissolution pro?le, at 
pH 6.8, of ultra-hard, non-coated tablets of oxycodone and 
naloxone, according to example 5. 
[0134] FIG. 10 illustrates the 10-hour dissolution pro?les, 
at pH 6.8, of non-coated, ultra-hard tablets containing 20 mg 
oxycodone. 
[0135] FIG. 11 illustrates the dissolution pro?les observed 
With tablets conforming to the invention (<<QD>>) and tab 
lets of the reference product OxyContin® (ref) at pH 6.8, for 
Whole tablets, tablets cut in half or crushed tablets (<<in 
pieces>>) 
[0136] FIG. 12 gives the dissolution pro?le of microgran 
ules of hydromorphone in an aqueous medium (0.1 N HCl) 
under 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. 

[0137] FIG. 13 gives the dissolution pro?le of microgran 
ules 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, accord 
ing to example 10. 
[0138] FIG. 14 illustrates comparative dissolution tests 
betWeen ultra-hard tablets of morphine sulphate conforming 
to the invention, and commercially available tablets of mor 
phine sulphate (AvinZa®)) in the presence of: A) 20% ethanol 
in 0.1 N HCl medium, or B) 40% ethanol in 0.1 N HCl 
medium, according to example 10. 

EXAMPLE 1 

Manufacture of Tablets Containing Granules 
Obtained by Granulating Oxycodone HCl and 4.87% 
HPMC and Containing a Compression Matrix Con 
sisting of a (1:1) Mixture of TWo Excipients [Micro 
crystalline Cellulose and (PVA/Povidone 80:20)] 

1. Preparation of the Tablets 

1.1. Preparation of Oxycodone Granules 

[0139] The granules are obtained by Wet granulation of the 
active ingredient (oxycodone HCl, batch No DV000165; 
McFarlan Smith, England) and hydroxypropylmethylcellu 
lose (HPMC grade Pharmacoat® 606, Brenntag) Which acts 
as binder. Granulation is conducted in a ?uidisedbed (GCPG 
1, Wurster, Glatt, Germany) by bottom-spraying a solution of 
the binder (HPMC) onto the active ingredient in poWder form. 
[0140] Oxycodone is added to the ?uidised bed and placed 
in sustentation. The binder solution is sprayed onto the poW 
der Which aggregates to form granules. Water is progressively 
removed by evaporation and after a ?nal drying step. The ?nal 
drying step in an oven (16 hours at 600 C.) is conducted to 
obtain an acceptable ?nal Water content (less than 6%). 






















