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9.

APOSTILLE

(Convention de La Ilaye du 5 Octobre 1961)

Country: United Kingdom in respect of Bermuda

This Public Document

Has been signed by  James M Keyces

Acting in the capacily of Notary Public

Bears the scal/stamp JAMES M KEYES, NOTARY PUBLIC, BERMUDA

Cerlified

At Bermuda 6. On 26 January 2004

By the Govemor and Commander-in-Chicf of the Bermudas or Soincrs Islands or any
member of his stalT, signing on his behaif and using his ofTicial seat.

Number: 1585

Scal 10. Signaturc:




NOTARIAL CERTIFICATE

TO ALL TO WHOM THESE PRESENTS SHALL COME:

I, JAMES IKevYes

of the City ?f Hamilton in the Islands of Bermuda, a Notary Public duly
commissioned and qualificd in and for the Islands of Bermuda, DO HEREBY
CERTIFY AND DECLARE that the signature “Douglas Docherty” appearing on
the Power of Attorney attached hereto is the signature ard handwriting of the said
Douglas Docherty to me known to be a Director of Euro-Celtique S.A. a Company
formed under the laws of Luxembourg having its address at 122 Boulevard dc la

Petrusse, L-2330 Luxembourg.

IN TESTIMONY WHEREOF
I, the said Notary Public, have
hereto set my hand and

J
Oﬂ'lclal\yolnn eal this 23

( - diy of .I wary, 2004.

\

NOTARY PU Q

JAMES M. KEVES
NOTARY PUBLIC
CANDW'S COURT

22 VICTORIA STREET
HAMILTON, HM 12
BERMUDA

BN

»E— -
T —



- Colombla -

. POWER OF ATTORNEY

In the city of_/[zteb e Lftyr . Pl 5 LI A on thed5 _day
of the month of jelittelsey . two thousand and four (2004) before
me,_ Jealny iy LA Notary Public, appeared ’l‘:!g‘:&t-l DAYICITAVE. |
age, and domiciled at ) and
stated: '

FIRST: Thal he/she acts in histher capacity of N\ Loe vul of

EURO-CELTIQUE S.A., a company legally constituted and In existence In
accordance with the laws of Luxembourg, and domiciled at 122, Boulevard de la Petrusse,

L-2330 Luxembourg. Luxembourg, as avidenced in the By Laws, documents which | have
examined. :

SECOND: That in such capacity he/she grants heraby special, ample and sufficient Power
of Attorney to DARIO CARDENAS-NAVAS and/or EDUARDO CARDENAS-CABALLERO
and/or BERNARDO P. CARDENAS-MARTINEZ and/or LUZ HELENA ADARVE-GOMEZ,
and/or JUANITA ACOSTA GOMEZ andfor ANA MARIA RUIZ RUEDA registered lawyers
of the firm CARDENAS & CARDENAS ABOGADQS PROPIEDAD INTELECTUAL LTDA,
domiciled at Carrera 7 No. 71-52, Torre B, Piso 9 Bogota, D.C., Colombia, to carry before
the corresponding Colombian national Offices and authorities the proceedings to obtain
rademarks, patents, utility models, industrial drawings and designs, deposits of
commercial names and ensigns, as well as processing of renewals, assignments, change
of name or domicile of the owner, cancsellation aclions, waivers and licenses of the same
for which purpose they are empowerad to take befora said authorlties all necessary
actions for the Indicated purposes; to file applications, siatements, claims, formulate
descriptions, amendments, opposilions and appeals; pay all taxes and installments and
make any other payments determined by law; lo receive every document and values
issuing the respective discharge; to fulfill any other requirements and take, in general,
every measure that they shall deem opportune for the defense and protection of the
Industrial Property of the company In the event of infringements, opposltions, proceedings
for canceflation or annulment, imposition of fines, passing the anlecedents to the courts;
they are empowered to appear as plaintiff or defendant before the competent judges,
being entitled to transact, submit to arbilration, waive, receive, resign, withdraw, appeal
and all other legal powers which may be necessary, and it is hereby declared sver since
now valid and good whatever such attorneys do for ils benefit, granting them also power to
substitute this proxy and if nacessary to revoke such substitutions.

THIRD: That for purposes of articles 597 and 543 pf the Colombian code of Commerce the
allorneys ara empowered to receive service ‘~  notice and designate judicial and
extrajudicial attorneys.

SIGNED AT T
f/ by
v D )
JI zu/k'ﬁ‘ :rxmfmy /
i

NOTARY PUBLIC
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v
“RADUCCION OFICIAL No. 04/071 de un documento escrito en inglés, el cual para su ldenfificacién se sella con el
selio ael traductor al tlempo con la prosonta. Esta traduccién ha sido preparada por Juan Pablo Pledrahita Aguilera,
.+ * Traductor e Intérprete Oficlal debldemente reconocido de conformidad con la resolucién nimero 718 da 2003 expedida
. por el Ministerio del Interiar y de Jusilcla

(Se Waduce un Poder otorgado por la compafila EURO-CELTIQUE S:A. con fecha Enerc 23, 2004, una Certificacién
Notarial y 1a Aposhlln No. 1585 lodo escrita en inglés.)

PODER _ -Colomblia-

En la ciudad de Hamilton, Bermt_ldé el dia 23 del mes de Enero del afio Dos Mil Cuatro
(2004), ante mi, JAMES KEYES, Notario Publico, comparecié Douglas Docherty, mayor

de edad y domiciliado en (en blanco) y manifesto:

PRIMERO: Que el/lella obra en su calidad de Director de EURO-CELTIQUE S.A.,
compafiia constiluida legaimente y existente de conformidad con las leyes de
Luxemburgo y con domicilio en 122, Boulevard de la Petrusse, L-2330 Luxemburgo,

segun lo evidencian los Estatutos, documentos que he examinado.

SEGUNDO: Que en tal caiidad el/ella otorgo por el presente poder especial amplio y
suficiente a DARIO CARDENAS-NAVAS y/o EBUARDO CARDENAS CABALLERDO, y/o
BERNARDO P. CARDENAS-MARTINEZ, y/o JAMES VALDIR| REYES y/o LUZ HELENA
ADARVE-GOMEZ, ylo JUANITA ACOSTA GOMEZ ylo ANA MARIA RUIZ RUEDA,
abogados registrados de la firna CARDENAS & CARDENAS ABOGADOS PROPIEDAD
INTELECTUAL ABOGADOS, domiciliada en la Carrera 7 No. 71-52, Torre B, Piso 9,

Santafé de Bogota D.C., Colombia, para llevar a cabo ante las correspondientes Oficinas

Nacionales Colombianas y autoridades los

047071

amltes para obtener registros de marcas,
Eatanles modelos de utilidad, diseffos y disg n‘duslnales aeposnos de nombres y
;pnseﬁas comerciales, asi como tramites pe \ c\\ggpﬁpg, Faspasos, cesiones,

‘-J\-.
mbios de nombre o domicilio del propie {pg

Foner At A AGUILERA

TRADUCTOR E INTERPRETE OHR_JAL

"'ﬁg dﬁncela jon, renuncias y

fécﬂ'l%ps g&gﬁgﬁ r ante dichas

Ril /i E MAYO 2003
DEL ML INFI?I

icencias de los mismos para cuyo fin e

TRADUCCION Q. .l No,
JUAN PABLC




0470174

L

Eut'oridades todas las acciones necesarias para los fines indicados; para presentar
- solicitudes, declaraciones, reiviﬁdicaciones, reclamos, formular descripciones,
modificaciones, oposiciones, y apelaciones; pagar todos los impuesios y derechos y
hacer cualesquiera otros pagos que la ley determine; recibir todos los documsntos y
valores con expedicion del respectivo descargo; llenar cualesquiera otros reﬁuis_itos Y
tomar en general lodas las medidas que juzguen oportunas para ia defensa y proteccion
de la Propiedad Industrial de la compaiiia en el evento de infracciones, oposiciones,
procesos de cancelacion o anulacién, imposicién de multas, incluyendo recurrir a litigio y
presentar antecedentes ante las cortes; quedan facultados para comparecer en calidad
de demandante o demandado ante los jueces competentes, con las facultades de transar,
someterse a arbitraje, renunciar, recibir, renunciar, desistir, apelar y todas las demés
facullades legales que puedan requerirse, y por el presente declara desde ahora vélido y
satisfactorio lo que dichos abogados hagan en nusstro beneficio, otorgandoles también

poder para sustituir este poder y si fuere necesario para revocar tales sustituciones.

TERCERO: que para fines de Ios’ articulos 597 y 543 del Cédigo Colombiano de
Comercio, los abogados estan facultados para recibir nolificaciones y para designar
apoderados judiciales y extrajudiciales

FIRMADO EN: HAMILTON BERMUDA
El: 23 de Enero, 2004.

*OR: (Firmado) llegible Douglas Docherly

g Notario Publico  (legalizar mediante Apostilia) " '\.

F

< 8 _ \“_
g “:E QE a2 . . - - E&
a :;] 5?. JAMES KEYES, de la Ciudad de Hamilloper¥ap i §s-dp "Re ud%,ﬂolarlo Publico
Z % o ;c?bldamanle nombrado e idéneo en y para lad, sleﬂ- d&% a‘ ﬁfﬁt PRESENTE
wJ L
HE ' \GF



CERTIFICO Y DECLARO, que la fima de "Douglas Docherty” que aparece en 6l Poder
acﬁnbalpmsmbh.ﬁmaycaligmﬁadadidmbwglmbodnﬂyaqﬁim#mmy
quien 84 que es Lno da los Directores de Euro-Celtique S.A., Compatila constituida bajo
Ias leyes de Luxemburgo con domiciio en 122 Boulevard de la Petrusse, L2330,

Luxemburgo. _
EN TESTIMONIO DE LO CUAL YO, el mencionado Notario Pdblico, he eainmpado mi -

fima y Sello Notarial hoy dia 23 de Enero, 2004.

(Firmadio) llegible Notario Publico
(Sello Notarial Rojo de Oblea en Relieve) (Estampillas) ) ‘
(Sello Notarial: JAMES M. KEYES, NOTARIO PUBLICO, CANON'S COURT, 22

VICTORIA STREET, HAMILTON, HM, 12, BERMUDA) .
' . "'f:ﬁ\i
(Convencion de |la Haya de Octubre 5 de 1961)

1. Pals: Reino Unido respecto de Bermuda - 5
Este documento pablico '

2. Ha sido firmado por James M Keyes ) oo

3.  Obrando en calidad de Notario Pibiico ' | ' : :

4, Lieva el sello/estampilla de James M Keyes Notario Publico, Bamudﬂ",’ g

' CERTIFICADO .-

5. EnBemuda 8. Hoy 26 de Enero, 2004 o .

7 PordGobemadnryCanaMdeadalnBumﬂasodolaslﬂaSunuso
-por cuaiquier funcionario de su planta de |jersonal, fiimsindo en su nbmbre y
usando su sello oficial.

8. Numero 1585 ’ \a

9. Sello(Seflo Rojo de Obisa en Relieve) o

10.  Firma (Firmado) T "‘

N
Joennifer M. ML
Por el Gobernador y Comandante en Jefe \- g ol ‘
EiTmeﬁuFﬂ.vcom.ErAdahuuﬂuphm W isin oficina pare azny _
3 oram e 04/ 07 Y:
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTEUPRETE ORIGIAL -

Weegke . . . ¥ | _ooporetecgeeapisn, . -2 DEMBLINTENOR Y OEASTION « ieretyciae:.
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WO 03/013525 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) Warld Intellectual Property Orgnnization
International Bureau -

{(43) International Publication Date
20 February 2003 (20.02.2003)

PCT

TR R TG AR |

(t0) Inte¢hationut Publication Number
WO 03/013525 Al

(51) Interuationnl Patent Classiffcention™
IL44s

AGLK I/,

(21) latermativanl Appilcation Nember:  PCTAIS0224944
(22) laieroationsl Fling Daie: 6§ Augnat 2007 (06.00.2002)

(25) Milisg Loaguage: Bagiish

(38) Publication Lanyuage Snylish
{(30) Priocity Dutn:

£/310,536 6 Angust 2001 (06.042001) U3

{T1) Applican! (for alf des(gnated Siares except US: EURD-
CELTIQUE S.A. [LUALY; 172, Boulevard de ln Petruse,
L-1330 Luxembouay (L)

{72) lnventors; and

(75 luventorw/Applicinn (for US only): BREDER, Christo.
pher [US/US); 5 Anpjim Drive, Greenwich. CT 06310
(US). OSHLACK, Deajamis [AU/US]; 351 Baat 34k
Street, Now York, NY 10028 (US) WRIGHT, Curth
[UyUS!:.l Jurvin Strest, Norumlk, CT 06851 (US).

(0 Ageats: DAVIDSON, Clfford, M. et ol; Davidson,
» Duvidson & Kapgel, LLC, 14th Flour. 435 Seventh Av-
emue, Now York, NY 10018 (US)

(81) Desigantad States {antionci): AR, A, AL, AM, AT, AU,
AZ.BA, BB, BG, BR, BY, BZ. CA, CH, CNACDCR. CU,
CZ, DE, DK, DM, DZ X, EE, BS, FL. GB, GD. OR. GH,
Gb, HR, WU, (D, (L. IN, IS, JF. KE, KO, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LY, MA, MD, MQ. MK. MN, MW,
MX, MZ, NO, NZ. OM, PH, PL, PT, RO, RU, SD, $E. 8.
SL 8K SL. TJ, TM. TN, TR, TT. T2 UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

{84) Designated State (regiona(): AR[PO pamnt (GH, GM,
KB, LS, MW, MZ, 3D, SL, 8Z, TZ UG, ZM, ZW)
Enrusisn paiet (AM, AZ, BY, KG, KZ, MD, RU, T1, T™),
Buwopean patant (AT, BR, BO, CH, CY, CZ, DE, DK, EE.
S, F1, FR, GB, OR, IE, [T, LU, MC, NL. FT, 38, 3K,
TR), OAP{ patemt (BF, BI, CF. CG, CL, CM. OA, ON, GQ.
QW, ML, MR, NE, SN, TD, TG}

Publishe:
= with lslernationad search mport

For two-lgiter coder and ollur abbreviations, refur ta the "Guid-
anes Notes on Coder and Abbreviations™ appearing af the bagin-
ning of vach regular trus of the PCT Gameite.

{54} Tile: OPIOIMD AGONIST FORMULATIONS WITH RELEASARLE AND SEQUESTERED ANTAQONIST

(37 Almtrect: Disclosesl are ol drsage B, compriving (f) 3 tempautizally effective amount of an optuld agostst; (i) sn opiold
antagonist-in relezwable form; and (1) 2 sequestansd opiaid ancuganie which Ly not relexsed when tha dassga o (s sdministered

inmet, and methods thereal,
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WO 03/013525 PCTIUSOL14944

OPIOID AGONIST FORMULATIONS WITH RELEASABLE AND SEQUESTERED
ANTAGONIST

- /
BACKGROUND OF THE INVENTION ,

Opioid formulations are sometimes the subject of abuse. A particulardose ofoxycodone
may be more potent when administered parenterally ascompared (o the same dose administered
orally. Also, some formulations can be tampered with in order 1o peovide the opioid agonist
contained therein better available for illicit use. Forexample, a controlled release opioid agonist
formulation can be crushed in order b provide the opioid contained therein available for
immediate release upon oral or parcnteral adminiatration. An opicid formulation can also be
abusable by administration af more thaa the prescrbed dase of the drug.

Opiaid antagonists have been combined with certain opicid agonist in order to deter the
parenteral sbuse of opioid agonists. [n the prior art, the combination of immediate release
pentazocine and naloxane has been utilized in tablets available in the United States,
commecially available as Talwin"Nx from Sanofi-Winthrop. Talwin"Nx contins immediate
release pentazacine hydrochloride equivalent 0 50 mg base and nsloxone hydrochloride
equivalent 10 0.5 mg base. A fixed combination thermpy comprising tilidine (50 mg) and neloxone
(4 mg) has been available in Germany for the management of pain since 1978 (Valoron™N,
Goedecks). A fixed combination of buprenorphine and naloxone was jntrocsced in 1991 in New
Zealand (Tempesic Nz, Reckitt & Calman) for the treatment of pain,

Purdue Pharma L.P currently markets sustained-release oxycodone in dosage forms
containing 10, 20, 40 and 160 mg axycodonie hydrochloride under the tradename OxyContin,

U.S. Patent Nos. 5,266,331; 5,508,042; 5,549,912 and 5,656,295 disclose sustained
release oxycodone formulations.

U.S. Patent No. 4,769,172 and 4,785,000 to Kreek describe methods of treating patients
suffering from chronic pain or chronic cough without provoking "intestinal dysmotility by
sdministering 1 to 2 dosage units comprising from about 1.5 to about 100 mg of opioid analgesic
or-antitusgive and from obout | to shout 13 mg of an opioid antagonist having little to no
sysiemic antagonist activity wher administered orally, from | to $ times daily.

U.S. Patent No. 6,228,861 to Palermo et al. describes compositions and methods of
preventing abuse of opioid d.onie forma.

W099/32119 to Kaiko et al. describes compositions and methods of preventing abuse of
opioid dosage forma.
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U.S. Patent No. 5,472,943 o Crain et al, describes methods of enhancing the analgesic

potency of bimadally acting apioid agonists by administering the agonist with an opioid
sntagonist. J

All documents cited herein, including the foregoing are incorparfitertby referance in their
entireties for all purposes.

OBJE ND S RY OF INVENTION

It is an object of the invention o provide an oral dosage form of an opioid agonist that is
useful for decressing the potential for abuse of the opioid agonist contained therein.

It is an object of certain embodiments of the invention to provide an ocal dosage form of
an opioid agoniat that is useful for decreasing the potentisl sbuse of the op.oid agonist without
effecting the analgesic effects of the opioid agonist or incurring the risk of precipitating
withdrawal if taken intact.

It is an object of certain embodiments of the invention to provide an oral dosage form of
an opioid agonist that is resistant to misuse, abuse or diversion, wherein said resistance does not
depend on individual paticnt-specific differcnces in the ¢ ffects of co-administered opioid agonist
and anmgonigt mixtres.

1t is an object of certain embodimenta of the invention to provide an orul dosege form
containing an effective dose of an opicid agonist along with a dose of opioid antagonist which
does not change the analgesic efficacy of the opioid agonist when the dosage form is omlly
administered intact, but which can prevent abuse if the dosage form is tampered with by
interfering with the effect of the opioid agonist. )

it is an object of certain embodiments of the i.nvention to provids & method for preventing
abuse of sn oral opicid dosage form where the dosage form alao includes a dose of opioid
antagonist which is sequestered, e.g., is not bioavailable when the dose is administered intact but
is bioavailable when the dosage form is tampered with (e.g., in an attempt 1o misuse the dose of
opioid analgesic) and a dose of antagonist which is releasable to provide a desired effect.

It is an object af certain embodiments of the invention to provide oral dosage forms that
are intended for or ore wuitable for use in the management of acute or chronic pain where
alteration of the opioid agonist's analgesic affects must be avoided such as in cuses of tolerance;
physical dependence or individual variability in hepatic metabolism or phy siclogy.

It is & further abject of a preferred embodiment of the invention to provide & method of

treating pain in human patients with an ol dosage forra of un opioid sgonist while reducing its

1
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misuse by oral, parenterul, intranasal and/or sublingual route.

It is an object of certain embodiments of the invention to provide an oral dosage form of
an opioid analgesic which is subject to less abuse potentint via th oral route than prior
commercially available dosage forms. /

It ig an object of certain embodiments of the present invention to provide an oral dosage
form of an opioid anzigesic and method which provides therapeutic analgesia and which also
provides & negative, "aversive” expericnce when the prescribed amount or a large amount of the
opioid, e.g., sbout 2-3 times the usually prescribed dose, is taken by or ndministered to &
physically dependent subject. '

It is an object of certain embodiments of the present invention to provide an oral dosage
form of an apicid analgesic und a method for providing therapeutic Iﬂllﬂ.ﬂlil in a monner which

. is notns positively reinforing in non-physically dependent subjecis taking the same or more than

the usually prescribed dose, e.x., about 2-3 times the usually prescribed dose of the opioid, as
compared to the same amount of opioid without the antagonist.

It is an object of certain embodiments of the invention to provide a method of treating
pain in human potients with an orai dosage form of an opioid analgesic while reducing the ol

_abuse potential of dosage form.

It is an object of certain embodiments of the invention to pruvide s method of
manufacturing an orul dosage form of an opioid snalgesic such that it has less oml abuse
potential.

Tt is an object of certain embodiments of the invention to provide a composition and
method of enhancing the annlgesic poteacy of opioid agonists by blocking their anti-analgesic
side-cflects. .

It is on object of certain embodiments of the invention to provide » composition and
method of attenuating physical dependence, tolerance, byperexcitability, hy peralgesia and other
undesimble side-effects caused by the chronic administration of opioid agonists.

It is an object of certnin embadiments of the invention to provids & composition and
method for detoxifying and treating opiate addicts utilizing opioid receptor sntagonists.

1t is an object of cenain embodiments of the invention to provide a composition which
enhances the analgesic affecta of opioid agonists while simultaneously attenuating undesirable
side-cffects caused by said opioid agonists, including physical dependence, tolemnce,
hyperexcitability and hypemigesia.

Some or all of the above objects are achieved by the present invention which is directed to
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an ocal dasage form, ci:mpriling i) a thecapeutically effective amount ofan opioid agonist; (i) an
opioid antagonist in releasable form; and (iii) o sequestered opioid antagonist which is not
released when the dosage form is administered intnct y;

Certain embodiments of the invention are directed to an oral dosfge farm, comprising (1)
s first component comprising & therapeutically effective amount of an opioid agoniat; (i) &
second component comprising an opioid antagonist in releasable form; and (iii) a thind
component comprising & sequestered opioid a'nlagnn'ul which is not celeased when the dosage
form is administered intct,

Certain embodiments of the invention are directed toan  oml dosage fonm comprizing
(i) a first component comprising & thernpeutically effective amount of an opioid agonist; (ii) a
second component comprising an opioid antagonist in releasable form, and o sequestered opioid
antagonist which is not released when the dosage form is administered intest.

Certain embadiments of the invention are directed to an oral dosage form, comprising (1)
u first component compriging a thecapeutically effective amount of en opioid agonist and an
opioid antagonist in releasable form; and (if) 8 second component comprizing a sequestered
opioid antagonist which is not released when the dosage form is administercd intact.

Certain embodiments of the invention are directed to an oral dasage form, comprising (1)
a firat component comprising a therapeutically effective amount of an opioid agonist and an
opioid antagonist in releasable form; and (i7) a second component comprising a sequestered
opioid antagonist which is not substantially released whwn the dosage form is administered intact.

Certain embodiments of the invention are directed to an oral dosage form, comprising (i)
s first component comprising a therapeutically effective amount of an opicid agonist; (i) a
second component compriting an opioid antagonist in releasable form; and (iii) » thied
component comprising a sequestered opioid antagonist which is not substantially released when
the dosage form is administered intact.

Certain embodiments of the present inveation is directed to a dosnge form formulated
such that the rtio of the amount of antagoniat relensed from the dosage form after tampering to
the amount of the antagonist released from the intact dosage form is sbout 3;1 or greater, based
on the in-vitro dissolution at 1 hour of the dosage form in 900 ml of Simulated Gastric Fluid
using a USP Type Il (paddic) apparntus at 75 cpm at 37 degrees C.

In emhodiments of the invention wherein the antagonist in non-releasgble form can be in
the form of multiparticulates coated with & sequestering matecial, the multiparticulates can be in
the form of inert beads coated with the antagonist and overcoated with the material, or
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alternatively in the form of a granulation comprising the untagonist and the material. The
multiparticulates can be dispersed in a matrix comprising the opioid agonist or contained in 2
capsule with the opioid agoniat,

In embediments of the invention wherein ths antagonist i.s/’dispe:sed in o matrix
comprising a sequestering materisl which substantially pravents the release of the antagonist, the

. matrix can be in the form of pellets. The pellets can be dispersed in nnother malrix comprising

the apioid agonist ar contained in & capsule with the opioid agenist.

In other embodiments of the invention, part of the antagonist is in & matrix and/or partof
the antagonist is in n coated bead,

In certain embodiments of the invention which exhibit the shove-disglosed ratio afabout
3:1 or greater concerning the amount ol antagonist relensed from the dosage form after tampering
to the amount of said antagonist reieased from the intact dosage form based on the dissolution at
1 hour of the dosage form in 900 ml of Simulated Gastric Fluid using a UsP Type I (paddle)
apparatus at 75 rpm at 37 degrees C, the intact dosage form roleascs 22.5% or less of the
antagonist after | hour and the tampered dosage form releases 67.5% or more antagonist after 1
hout. In anather embodiment, the intact dosage form releases 20% or less of said antagonistafter
I hour and the tampered dosage form releases 60% or more antagonist after | haur. [n anather
embodiment, the intact dosage form releases 10% or less of said antagonist after 1 hour and the
tampered dosage form celeases 30% or more antagonistafter | hout. In another embodiment the
intact dosage form relenses 5% or less of said entagonist after | hour and the tampered dosage
form relenses 1 5% or more antagonist after | hour.

In certain embodiments of the invention, the mtio of the amouat of antagonist released
from the dosage form after tampering to the amount of said antagonist released from the intact
dosage form based an the dissolution at 1 hour of the dosage form in 900 mi of Simulated Gastric
Fluid using & USP Type [ (paddle) apparatus at 75 rpm at 37 degrees C it 4:1 or greater, 10:1 or
greater, 50:1 or greater or 100:1 or greater, .

The invention is also directed to methods of preventing abuse of an apioid agonist
utilizing the dosage forms disclosed herein. The method caa comprise providing the opioid

. agonist in an oml dossge form together with an opioid antagonist in non-releasable form upon

digestion when the integrity of the dosage form is maintained until digestion begins, but which
becomes bionvialable if subjected to ampering (e:g., crushing, shear forces which brenk up the
dosage form, etc., solvents or temperatures of greater than 45°C).

Another embodiment of the invention is directed to s method of decceasing the abuse of

3
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an opioid agonist in an omal dosage form, comprising preparing an oral dosage form as disclosed
herein. For example, the method can comprize preparing a dosage form comprising an opioid
ontagonist in non-releasable form such that said dosage form provides a desired analgesic effest
and said antagonist does not substantially block the analgesic effect of {ﬁe opioid agonist when
said dosage form is administered orully intact In alternative embodiments, the effect of the
opioid agonist ig st least partially blocked when said dosage form tampered with, e.g., chewed,
crushed or dissolved in a solvent, and administered omlly, intranasally, parenterslly oc
sublingually.

The invention is also directed 1o a method of treating pain with the dosage forma
disclosed herein. :

The invention is also direcied o methods of preparing the dosage torms disclosed herein,

In certain embodiments, the invention comprises a method of prepacing an oral dosage form
comprising pretreating an opioid antagonist to render it non-releasable; and combining the
pretreated antagonist with a releasshle farm of an opioid agonist and an apioid antagonist in a
manner that maintains the integrity of the non-relensable form of the antagonist.

Certain embodiments of the invention are directed 1o formulations wherein the agonist,
releasable ontagonist and non-releasable antagonist are interdispersed and are not isolated from
ench other in three distinct layers. Certain embodiments have two of the threec agents
interdispersed with the third in a separate ond distinet layer. In other emhodime;m. at least lwo
or all of the ingredients are partially interdispersed. The present invention contemplates all
combinations of the agents interdispersed or partinily interdispersed in any combination.

The term "analgesic cffectiveness” is defined for purposes of the present invention ag a
satisfactory reduction ir ar elimination of pain, along with a tolerable level of side effects, as
determined by the human patient. The phrase "not substantisity blocking the analgesic effect of
an opicid agonist® means that the opioid antagonist does not block the sffects of the opioid
agonist in sufficient degree as to render the dosage form therapeutically less effective for
praviding analgesin.

The term “an opioid antagonist in a substantially non-relcasable form" refess to an opioid
antagonist that ia not released or substantially nat released at ong hour after the intact dosage
form containing both opioid agonist and the apioid antagonist is orally administered (i.e., without
having been tumpered with). For purposes of the inveation, the amount released after ocal
administration of the intact dosage form may be measured in-vitro via the dissolutionat | hourof
the dosage form in 900 ml of Simulated Gastric Fluid using s USP Type I (paddle) apparatue at
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75 cpm at 37 degrees C. Such a dosage form is alsa referved tg as comprising s “sequestered
antaganist”. ,

Although the preferred embodiments of the invention comprise ’/n opioid antagonistina
form that completely prevents the release of the opioid entagonist, the invention also includes an
antagonist in a subatantially non-relezsable form. The term “substantinlly not released” refers to
the antagonist that might be released in n small amount, as long as the amount relensed does not
affect or does not significantly affect onalgesic efficacy when the dosage form is orally
ndministered to humans o intended .

In certain preferred embadiments of the invention, the substantially non-releasable form
of the antagonist is resistant to laxatives {e.g., mineral oil) used to manage deluyed colonic transit
and 1o achlorhydric states.

In certain embodiments, the substantislly non-reieasable form or non-relensable form of
an opioid antagonist comprises an opioid antagonist that is formulated with one or more of
pharmaceutically acceptable hydrophobic materials, such that the antagonist is not released or
substantially not released during its transit through the gastroinicatinal tracl when administered
orally as intended, without having been tampered with.

In certain embodiments of the present invention, the substaatially non-relcusebic form or
non-releasable form of the opioid antagonist is vulnerable to mechanical, thermal and/or
chemical h'mperi ng, ¢.§, tampering by meana of crushing, shearing, grinding, chewing and/ar
dissolution in a solvent in combination with heating (e.g... greater than about 45°C) of the ol
dosage form. When thus tampered with, the integrity of the substantially nca-releasable form or
non-releasable form of the opioid sntagonist will be compromised, and the opioid antagonist will
be made available to be rcleased. In certain embodiments, when the dosage form is chewed,
crushed or dissolved and heated in s solvent, and administered orally, intrannsally, parenterelly or
sublingually, the snalgesic or eupharic effect of the opioid is reduced or eliminnted. In certain
embodiments, the effect of the opioid agosist is et least pertially blocked by the opioid
antagoaist. In certain other embodimants, the effect of the opioid agonist is substantially blocked
by the opioid antugonist.

In certain embodiments, the quantity of antagonist relessed from the dosage formisina
rutio to the agonist which is aversive in physically dependent human subjects when the dossge
form is administered at the same amount or at a higher amount than the therapeutically effective

amount

[n certain embodiments, the quantity of the antagonist released from the first component
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is in an amount sufficient to be aversive in physically dependent human subjects when the dosage
form is edministered at the same amount or ata higher amount than the therpeuticatly effective
amount.

In certain embodiments, the quantity of the antagonist celeased {fnm the Arst component
is 1ess than the amount sufTicient to be aversive in physically dependent human subjects when the
doaage form is ndministersd at the same amount or at a higher amount than the therapeutically
effective amount. .

[n certain embodiments, the amount of the antagonist released from the second
component is in an amount sufficient ta be aversive in physically dependent human subjects
when the dasage form is administered at the same amount or at a higher amouat than the
therapeutically effective amouat, .

In certain ml:m_iim:nu, tha amount of the anmgonist released from the second
component is less than the amount sufficient to be aversive in physically dependent human
subjects when the dosage form is administered at the sarne amount or at a higher amount tha the
therupeutically effective amount. .

In certain embodiments, the invention comprises & sustained releise excipient which
provides 8 sustained release of the opioid agonist.

In certain embodiments, the iavention comprises a sustnined release excipient which
provides a sustained celease of the releasable opioid antagonist.

In ceruin embodimerits, the invention comprises a sustained releass excipient which
provides a sustained release of the opioid agonist and the opioid antagonist.

In cectain embodiments, the sequestered antagonist is in the form of multipuﬁculml.
individually coated with & material that prevents release of the sequesiered antagonist,

In certain embodiments, the sequestered antagonist is in the form of multiparticulatea
individually coated with a materisl that substantially prevents release of the sequestered
antagonist,

In certain embadiments, the sequestered antagonist is dispersed in a matrix comprising a
sequestering material that prevents the releasz of the scquestered antagoniat.

In certain embodiments, the sequestered antagonist is dispersed in 2 matrix comprising 8
sequestering material that subatantislly prevents the relense of the sequestered antagonist

In certain embediments, the releaanbie opioid antagonist is the same as the sequestered
aatagonist

In certain embodiments, the releasable opiaid antaganiat is different than the sequestered
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antogonist.

In cermin embodiments, the antagonist is selected from the group consisting of
naltrexane, naloxane, nalmephiene, cyciazacine, levallarphan, pha.rmncjuticully acceptuble salts
thereof and mixtures thercof., 4

In certain embodiments, the releasable antagonist is sclected fom the group consisting of
naltrexone, nalaxone, nalmephene, cyclazocine, levallorphan, pharmaceutically acceptable salts
therzof'snd mixtures thereof and the sequestered nnup'r.int is selected from the group consisting
of nalirexone, naloxons, nolmephene, cyclazocine, levallorphan, pharmaceutically nceeptable
salts thereof and mixtures theccok.

In certain embodiments, the opioid ia_:elec:ed from the group consisting of mocphine,
hydromorphone, bydrocadone, oxycodone, codeine, levorphanal, meperidine, methadone,
pharmaceutically acceptable salts thereof and mixtures thereof, o .

In certain embodiments, the releasable antagonist is an antagonist with minimal oral
activity such as mloxone in releasable or “non-sequestered” form and the sequestered antagoniat
it an orully bioavailable antagonist such as naltrexone. Such a dosage form would be a deterrent
to parenteral, nasal and oral sbuse of the dossge form upon administmation ufa tampered dosege
form. The inclusion of the releasable non-arally bioavailable antagonist with the opioid agonist
would make the formulation more resistant to abuse by making the formulation resistant to
parentersl abuse even if the seéues:ered antagonist was separated from the dosage form, while
not affecting the agonist if administered intact, -

in certain embodiments, the dosage form has » mtio of releusable opioid untagonist to

_ opioid agonist that is analgesically effective when the combination is administered orlly, but

which is aversive in physically dependent human subjects when administered at the same amount
ar at a higher amount than the therapeutically effective amount.

In certain embodiments, the ratio of releasable opioid antagonist to opioid agonist
maintains an anaigesic effect but does not incrense analgesic efficacy of the opioid agonist
relative to the same therapeutic amount of opioid analgesic when administered to human patients
without the opioid antagonist. '

[n certain embodiments, the opiaid agonist is oxycadone and the relrasable antagonist i
naltrexone.

In certain ¢émbodiments, the ratio of releasable naltrexone ta hydrocodone is from about
0.03:1 to about 0.27:1.

In certain embodiments, the ratio of relzasable naltrexone to hydrocodone is from about
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0.05:1 o sbout 0.20:1,

In certain embodiments, the releasable opioid sntagonist is naltrexone and the opioid
agonist i8 oxycodone, wherein the ratio of relsasable naltrexone to oxyc~ Jone is from about
0.037:1 to about 0.296:1. . 7

In certain embodiments, the relensable opioid antagonist is naltrexone and the releasable
opioid agonist is codeine, wherein the ratio of relcasable naltrexane to codeine it from bout
0.005:1 to about 0.044:1.

In certain embodiments, the releasable opioid sntagorist is nalirexane and the opioid
agonist is hydromorphone, wherein the ratio of releassble nalirexone to hydromorphone is from
about 0.148:1 to about 1.185:1.

_ In certain embodiments, the releasable opioid antagonist ia naltrexone and the opioid
agonist ia [cvorphanal, wherein the ratio of releasable naltrexone to levorphanal is fom about
0.278:1 to about 2.222:1.

In certain embodiments, the releasable opioid antagonist is nlltruu'ne and the opigid
agonist is meperidine, wherein the ratio of releasablc naltrexone to meperidine is from about
0.0037:1 to sbout 0.0296:1.

In certnin embodimenty, the releasable apioid antagoniat is naltrexone and the opioid
agonist is methadone, wherein the mtio of releasabie naimrexone 1o methadone is from about
0.056:1 to about 0.444:1. '

In certain embodiments, the releasable opioid antagonist is naltrexone and the opioid
agonist is morphine, wherein the ratio of releasable naltrexone to morphine is from about 0.018:1
w about 0.148:1. '

In certain embodiments, the reieasable opioid antagonist is naltrexone and the opiokl
agonist is oxycodone, wherein the ratio of releasable naltraxone to oxycodone is from about
0.056:1 to about 0.222:1. '

In cermin embodiments, the releasable opioid antagonist is naltrexone and the opioid

agonist is codeine, whersin the ratio of releasable naltrexone to codeine is from about 0.0083:1 w0 -

sbout 0.0313:1.
In certain embadiments, the relessable opioid-antagonist is nalirexone and the opioid

agonist is hydromorphone, wherein the ratio of relcasable naltrexone to hyr! omorphone is from
about 0.222:] to about 0.889:1.

In certain embodiments, the releasable opioid antagonist is naltrexone and the opioid
agonist is levorphanal, wherein the ratio of releasable naltrexone to levorphenal is fom about

10
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0.417:1 to ebout 1.667:1.

In certain embodimem.l. the releasable opioid antagonist is naltrexone and the opioid
agonist is meperidine, wherein the ratio of releasable naltrexone to mep-eridinn is from about
0.0056:1 to about 0.022:1. Z

In certain embodiments, the celeasable opioid antgoniat is naltrexane and the opioid
agonist is methadone, wherein the rutio of releasable naltrexone to methadane is from about
0.083:1 to about 0.333:1. '

In certain embodiments, the releasable opioid antagonist is naltrexone and the opioid
agontist is morphina, wherein the mtio of releasable naltrexone to morphine is from about 0.028:1
to about O.111:L.

_ Incertoin embodiments, the releasable antagonist is in an smount to Qttenuate a side effect
of the opioid egonist seiected from the group consisting of anti-anzlgesia, hyperalgesis,
hyperexcitability, physical dependence, tolerance, and a combination of any of the foregoing.

In certain embodiments, the amount of antagonist released during the dosing interval
echances the analgesic potency of the opioid agonist. '

In certnin embodiments, the amount of the releasable opioid receptor antagonist is about
100 to about 1000 fold less than the amount of the opioid agonist

In certain embodiments, the ratio of the emount of untagonist released from the dosage
form sfer tampering to the amount of the antagonist released from the intact dosage form is
about 3, 4, \D, 50 or 100:1; (w:w) or greater, based on the in-vitro dissolution at 1, B, 24 and/or
36 hours of the dusaga form in 900 ml of Simulated Gastric Fluid using a USP Type Il (paddle)
apparatus at 75 rpm at 37 degrees C, with or withoot a switch to Simulated [ntestinal Flvid ofter |
hour. )

The term “tampering” means any manipulation by mechanical, thevmal and/or chamical
means which changes the physical properties of the dosage form, ¢.g., to libemts the opioid
agonist for immediate celease if it is in austained relense form, or to make the opioid agonist
available for inappropriate use such os administration by an altamate routs, e.g., parenterally.
The tampering caa be, e.g., by means of crushing, shearing, grinding, chewing, dissolution in a
salvent, heating (e.g., greater than abaut 45°C), o any combination thersofl.

The term “"at least partially blocking the opioid effect,” is defined for purposes of the
present invention to mean that the apioid antagonist at least significantly vlocks the euphoric
effect of the opioid agonist, thereby reducing the potential for abuse of the opioid agonist in the
dosage form.

1
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In certain preferred embediments of the present invention, the substantially non-releasable
form or non-releasable form of the opioid antagonist comprises opioid antagonist particles in ¢
coating that substantially prevents or prevents the release of the ,‘:’:ugonist. In preferred
embodiments, the coating comprising one or more of phnnnaceuticullﬁccephble hydzophobic
materisl. The coating is preferably impermeable to the opioid antagonist contnined therein and is
insoluble in the gastrointestinal system, thus substantially preventing the release of the opioid
antagonist when the dosage form is ndminia.tered orally as intended.

Accordingly, when the oral dosage form is not tampered with as to compromise the
intagrity of the coating, the opioid antagonist contained therein will not be substantially released
during its first hour of transit through the gastrointestinal system, and thus would not be avatlabls
for sbsorption. In certain preferred embodiments of the present invention, the hydrophobic
materis! comprises a cellulose polymer or an acrylic polymer that is insoluble in the
gastrointestinal fluids and impermeable to the opioid antagonist

The term "pasticles” of apioid anlagonist, as used herein, refers to granules, spheroids,
beads or pellets compril.in-l the opioid antagonist. In certain preferred embodiments, the opioid
antagoniat particles are about 0.2 to sbout 2 mm in diameter, more preferably about 0.5 to about2
mun in diameter.

In certain embodiments af the present invention, the releasable antagonist and the non-
releasahle antagonist can be contained in the same component. For example, when the opiocid
antagonist is coated with a coating that lll;lt:lntillly pu::vem its release, and ix then mixed with
an opioid agonrist and compressed into tablets, cectain amounts of the coating might be crucked, .
thus exposing the opiaid antagoaist to be relessed upon ocal administration. This release canbe
modified and controlled o provide a desired effect as disclosed hersin.

Preferably, the opiaid agoniat uscful for the present invention may be sclected from the
group consisting of morphine, hydromorphone, hydrocodone, oxycodone, codeine, levorphanal,
meperidine, methadone and mixtures thereof. Preferred examples of the opioid antagenist useful .
for the present invention includes naltrexone, naloxone, nalmefene, cyclazacine, levallorphan,
pharmaccutically acceptable salts thereof and mixures thereof.

[n certain embodiments of the pregent invention, the ratio of the opioid agonist and the
opioid antagonist, present in the entire formnulation (including releasable and non-relessable
form) is about 1:1 to about 50:1 by weight, preferably about 1:1 ta about 20:1 by weight or 15:1
to about 30:1. The weight rtio of the opioid agonist to opioid antagonist, a3 used in this
application, refers to the weight of the active ingrediexts. Thus, for example, the weight of the
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opioid antagonist excludes the weight of the conting or matrix that renders the opioid antagonist
substantially non-relensable, or other possible excipients associated with the antagonist particles.
In certain preferred embodiments, the ratio is about 1:1 to about 10:1 by weluht. Since a partion
of the opioid antagonist is in a non-releasable from, the amount of :uch antagonist within the
dosage form may be varied more widely than the opioid agonist/antagonist combination dosage
forms where both are available for relense upon administeation as the formulation does not
depend on differential metabolism or hepatic clearance for proper functioning. For safety
reasons, the amount of the opioid antagonist present in the entire dosage fonn is selected as not o
be harmful to humans even if fully released by tampering with the dnuage. form.

In certain preferred embodiments of the present invention, the opioid agonist comprises
hydrocodone, oxycodone or pharmaceutically acceptable salts thereof and the opioid antagonist,
present in & subsiantislly non-releasoble form, comprises noloxone, naltrexone or
pharmaceutically acceptable salts thereof.

The on! dosage form containing an opioid agonint in combination with the releasable and
non-releasable opioid antagonist includes, but are not limited to, tablets or capsules. Thedosage
forms of the present invention may include any desired pharmaceutical excipients known to those
skilled in the art. The otal dosage forma may further provide an immediate release of the opicid
agonist. [n certain embodiments, the oral dosage forms of the present invention provide a
sustnined release of the opioid agonist contained therein, or a combination of controlled and
immediate release agonist. Such dossge forms of the opicid agonist may be prepared in
accordance with formulations/metheds of manufacture known to those skilled in the ast of
pharmaceutical formulation.

The benefits of the abuse-resistant dosage form are espectally great in connection with
oral dosage forms of strong opioid agonists (e.g., oxycedone or hydracodone), which pravide
valuable analgesica but can be the subject ofabuse. This is pacticularty true for sustained release
opioid agonist praducts which have a lacge dose of a desirable opioid agonist intended to be
released over a period of time in each dosage unit. Drug abusers take such sustained-release
product and crugh, grind, extract or otherwise damage the product so that th= full coatents of the
dosage form become available for immediate absorption. Since such tampering of the dosage
form of the invention results in opioid antagonist (in addition to the relensable antagonist) alsa
becoming available for sbsorption, the present invention provides a means for frustrating such
abuse, In addition, the present invention addresses the risk of overdose o ordinary patients from
*dumping” sffect of the full dose of the opioid agonist if the product is accidentally chewed or
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crushed.

The term "sustained release” is defined for purpases of the present invention as the release
of the opioid agonist fom the orl dosnge form at such & mte rh:'l bload (e.g., plasms)
concentrations (levels) ace maintained within the thetapeutic range (abové the minimum effective
analgesic concentention or *MEAC®) but below toxic levels over a period of § to 24 hours,
preferable over a period of time indicative of a twice-a-day or a once-s-dav formulation.

The invention may provide for a safer product (e.g., less respirutory depression), if the
product is misused, as well a3 one with lesa risk of abuse.

In cernin embodiments, 2 combination of twa opicid agonists is included in the
formulation. In further embodiments, one or more opicid ng:'mist is included and & fucther non-
apioid drug is also included. Such nor-opioid drugs would prefersbly provide additional
analgesia, and include, for example, aspirin, acetaminophen, non-stem-idal anti-inflammatory
drugs ("NSAIDS*). NMDA antagonists, and cycooxygenase-Il inhibitors (“COX-I inhibitors").

In yet further embodiments, a non-opioid drug can be included which provides a desired
efTect other than analgesia, e.g., antituasive, expectorant, decongestant, or antihistamine drugs,
and the like.

For purpases of the pregent invention, the term “opioid agonist” it interchangeabloe with
the term "opioid" or “opioid analgesic” and shall include combinations of more then ong opioid
agonist, and also include the base of the opioid, mixed agonist-antagonists, partial agonists,
pharmaceutically acceptable salts thereof, stereoisomers thereof, ethers and esters thereaf, and
mixtures thereof.

For purposes of the present invention, the term "opioid antagonist® shall include
combinations of more than one opioid antagonist, and also include the base, pharmaceutically
aceeplable salts thereol, stereoisomers thereol, ethers and esters thereof, and mixtures thereof.

The invention disclosed herein is meant 1o encompasa all pharmaceutically acceptable
salts thereol of the discloscd opioid agonists and satagonists. The pharmaceutically acceptable
salts include, but are not limited to, metal salts such as sodium zalt, potassium salt, secium salt
and the like; alkaline earth metals such as calcium salt, magnesium salt and the like; arpanic
amine salts such as tricthylamine salt, pyridine salt, picoline salt, cthanolamine salt,
tricthanolanine salt, dicyclohexylamine salt, N,N'-dibenzylethylenediamine salt and the like;
inorganic acid salta such as hydrochloride, hydrobromide, sulfate, phosphate and the like; organic
scid salts such o3 formate, acemte, triflucroncetate, moleate, tartrate and the like; sulfonates such
as methanesulfonate, benzenesulfonate, p-toluenesutfonate, and the like, amino acid salts such as
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arginate, asparginate, glutamnate and the like.

Some of the apioid agonists end antagonists disclosed herein may contain ane ar more
nsymmetric centers and may thus give rise to enantiomers, di?teruomeu. and other
stereoisomeric forms. The present invention is also meant to em.-ompnaf all such possible forms
aa well a5 their racemic and resolved forms and mixtuces thereof. When the compounds described
herein contzin olefinic double bonds or ather centers of geometric asymmetry, and unless
speciﬁed' otherwise, i1 is intended to inciude both E and Z geomelric isomers. All tautorners are
intended to be encompassed by the present invention as well.

As used herein, the term “sterecisomers” is a general le:m-for all isomers of individual
molecules that differ only in the orientation of their aloms is space. It imll:ldﬂl enantiomers and
isomers of compounds with more than ont chiral center that are 110t mirror images of one another
(dinstereomer).

The term “chiral center” refers to & carbon atom to which four differeat groups are
sttached. '

The term “enantiomer™ or "enantiomeric” refers to a molecule that is nonsuperimposeable
on its mirror image and hence optically active wherein the enantiomer rotates the plane of
polarized light in oae direction and its mirror image rotates the plane of pnlarized light in the
apposite direction.

The tecm “tacemic™ refers to & mixture of equal parts of enantiomers and which is
optically inactive.

Tl'le term "resolution” refers to the separation or concentration or depletion of one of the
two enantiomeric forms of a molecuie. .

- The present invention is further directed to 8 methad of decressing the potential for abuse
of an opioid agonist in an oral dosage form. The method comprises providi- 3 the opioid ogonist
in on ol dosage farm as described herein,

DET, DD OF THE I ON
It hos becn postulated that there exists at least three subspecies of opiaid receptors,
designated mu, kappa, and deltn. Within this framewaork, the mu receptor is considered to be
involved in the production of superspinal analgesia, respiratory depression, cuphoria, and
physical dependence. The kappa receptor is considered 10 be involved in indu;:ing spinal
analgesin, miosis ond sedation. ‘Activation of the gamma receptors couses dysphoria and
haillucinations, as well as respiratory and vasamotor stimulstory effects. A receptor diatinet from
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the mu receptor and degignated gamma has beea described in the mause vas deferens, Lord, etal.
Natyre, 1977, 267, 495-99. Opioid agonists are thought to exert their agonist actions primacily at
the mu rer.epmr-lnd to 8 lesser degree at the kappa receptor. Therearea ;ew drugs that sppexc to
sct as partial agonists at one receptor type or another, Such drugs exhibit a ceiling effect. Such
drugs include nalorphine, propiram, and buprenorphine. Still other drugs act ag compelitive
antagoaists at the mu reé:epwr and block the effects of morphine-like drugs, by exarting their
actions at the kappa and omega receptors. The term agonist-antagoniat has evolved to describe
such mechanism of actions.

The present invention is directed to a controlled release ;pioid Aanalgesic, similar in
snalgesic spectrum to existing controlled-release opioid analgesics, which is fm;mulawd in onder
ta reduce and minimize misuse, abuse and divertion. [In cectain embodiments, these
charucteristics are conforred by the inclusion of an opioid antagonist such as naltrexone HCI,
which is itself formulated in a unique controlled release matrix. The properties of this
formulation are developed (o liberte the antogonist in conditions of misuse or tampering yet a
negligible amount of antagonist would be released (an amount which Joes not affect the
snalgesia experienced by the patient) under the prescribed conditions of use,

In certain embodiments of the invention, the release for the antagonist component of the
formulation is expreased in terms of a ratio of the release achieved after tampering, e.g., by
crushing or chewing, relative to the amount released from the intact formulation. The ratio is
therefore expressed as (Crushed] {Whole], and it is desired thot this ratio have a numerical range
of ot least 3:1 or greater (crushed reiease in | houd intact release in 1 hous).

In certain preferred embodiments, the opioid antagonist in a substantislly non-releasable
form comprises opioid antagonist particles coated with 2 coating that substantially prevents its
release. [n preferred embodiments, such coating surrounds the antagonist pacticles and is
impermeables to the drug and is insoluble in the gastrointestinal system. When the dosage form of
the present invention is crally administered to humana, the opioid antagonist is not substantially
released from the coating and is, therefore, not available for ghsorption into the body. Thus, the
opioid antagoniat, although present in the dosage form, does not substantinlly block the analgesic
effectivencas of the opiaid agoniat. However, if the orl dosage foom of the present invention is
tampered with as to compromise ths integrity of the coating, the opioid antagonist contained
therein would be made available to at leaat partially block the effect of the opioid agonist. This
chamcteristic decresses the potential for abuse or diversion of the 6pinid agonist in the oral
dosage form. Forexample, if ona atternpts to abuse the drug contained in the oral dossge form of
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the present invention by, e.g., chewing, :rulhi;'lg. grinding or dissolving it in a solvent with heat”
(e.g., greater than about 45°C to about 50°C),-the coating will be damaged and will no longer
pravent the opioid antaganist from being released. Upon administration, the opioid antzgonist
will be released and significantly block the euphoric effect of the opiuﬁ agonist.

In certnin embodiments of the invention, the ratio of the opioid agonist to the coated
opioid antagonist is such that when the oral dosage form is tampered with s« ta compromise the
integrity of the coating that renders the opioid antnﬁuni:t substantially non-relensable, the
euphoric effect af the aganist would be negated by the opioid antagonist when misused by &
humnn subject ocatly, parenterally, intranasally or sublinguaily. In certain preferred embodiments
of the invention, the eupharic effect of the opioid agonist would be negated by the opioid
antagonist whea misured parenterally or sublingually.

In certain other embodiments of the present invention, the opioid antagonist in a
substantially non-relessable form comprises an opioid antagonist disperaed in a matrix that
renders the antagonist subsiantislly non-releasable, wherein the matrix comprises one or more of
a pharmaceutically acceptable hydrophobic materiel. The antagonist is substantially not released
from the mateix, thus is not made available to be sbsorbed during its trunsit through the
gaslrointestinal system,

In cectain other embodiments of the present invention, the opioid antagonist in a matrix
that renders the antagonist substantially non-releasable comprises an opioid antagonist dispersed
in a melt-extruded matrix, wherein the matrix comprises one or more or a pharmaceutically
scceptable hydrophobic meterial.

All discussion herein directed to the non-releasable companent and its release upon
tampering as well as all general discussion is in addition to the releasable antagonist of the intact
dosapge form. As discussed, the releasable form of the antagonist can !:l;: released from the same
componeat as the non-releasable, from & separate component or from a combination of both
components.

The celeasable antagonist of the present invention can comprises &n amount of the opioid
antagonist such as naltirexone in an amount (i) which does not cause a reduction in the level of
analgesia elicited from the dosage form upon oral administration to & non-therapeutic level and
(ii) which provides at least a mildly negative, “aversive” experience in physiczlly dependent
human subjects, for example, physically dependent addicts (e.g., precipitated abstinence
syndrome) when taking one dosage form or more thar one dossge form. Preferably, the amount
of antagoniat included in the intact oral dosage form is (iii) less positively rinforcing (¢.8., less
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“liked") by a non-physically dependent huminn subject, e.g., opioid addict, than a comparable ol
dosage form without the antagoaist included.

The amount of antagonist which is useful to achieve pmmeu:l!’ (1) - (iii) set Forth in the
preceding pargraph may be determined at least in part, for example, through the use of
“surrogate™ tests, such a1 a VAS scale (where the subject grades his/her perception of the effect
of the dosage form) and/or via 8 measurement such a3 pupil size (measured by pupillometry).
Such measurcments allow one skilled in the art to determine the dose of antgonist relative to the
dose ofagonist which causes a diminution in tha opiate effecta of the agonist. Subsequently, one
skilled in the art can determine the level of opioid antagonist that causes avessive effects in
physically dependent subjects ay well as the level of apicid antagonist that minimizes “liking
scores” or opioid reinforcing p'rnperliel in non-physically dependent addicts. Once thesa levels
af opioid antagonist are determinad, it is then poasible to determing the range of antagonist
dosagesat or below this level which would be useful in achieving parameters (i) - (iii) sct focth in
the preceding pargraph

In certain preferred embodiments, the opioid agonist or analgesic is selected from the
group consisting of hydrocodone, morphine, hydromorphone, oxycodone, codeine, levorphanal,
meperidine, methadone, or salts thereof, or mixtures thereof, In certain praferred embodiments,
lhnl opioid ngonist is hydrocodone or oxycodone. Equianalgesic doses of these opioids, in
camparision to a 15 mg dose of hydrocodone, are set forth in Table 1 below:

JTable 1: Equlanalgesic Dnses ol Oploids

Oplald Culeulated Doge (mg)

O1xycodune 13.5
Cadaine 90.0
Hydrocodone 150

Hydromorphone 3.375
Laverphanol 12

Meperidine 135.0
Mathodone 9.0
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Based on 2 matio of releasable nalirexaone in ln'mount from aboj: 0.5 to about 4 mg per

15 mg of hydrocodone, the spproximale mtio of naltrexane to Img of each opioid is set focth in

Table 2:

Table 2:_Weipht Ratlo of Noltrezouns per Dose Qplold

Opiald Welght Ratla Noltrexous per
1 mg Oplaid
Oxycadane 0.037 0 0.296
Codena 0.005 to 0.044
Hydrocodane 0.033 10 0.267
Hydromorphune 0.14810 1.135
Levorphanal - 0.278 0 2.222
Meperidiae 0.0037 w 0.0296

Methadone 0.056 t 0.444
Morphioe 0.018 to 0.148

Bused on & ratio of sbout 0.75 mg to about 3 mg naltrexone per 15 mg hydrocodone of

Table 3: Weight Ratlo of Naltrexone per Dose Oploid

Oplold Walght Ratle Naltraxone
Oxycodens 0.056 w0 0.222

Codeine 0.0083 10 0.03)
Hydracadone 0.050 tw 0.200
Hydromarphone | 0.222 to 0.889

naltrexone, the approximate ratio of naltrexone to lmg of each opioid iz set forth in Table 3:
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Levorphnnol 0.417 w0 1.667
Meperidlas 0.0056 10 0.022
J
Methadone 0.033 10 0,333 /
Morphine 0.028 1o O.111

Ratios of opioids to other antagonists besides naltrexone can be obtained by comparing
equivalent doses of other antagonists to equal doses of naltrexons. The specification and
examples of PCT/US98/27257which disloses releasable opioid antagonist/agonist formulations is
hereby incorporated by reference in combination with the sequestered anlagonist as disclosed
herein. .

. The releasable n.ntngoni:t ofthe present invention can comprizes an amount of the opioid
antagonist which can selectively enhancing the potancy of the apioid agomists and
simuitancously anenuating undegirable side-effects, including physical dependence, caused by the
chronic administration of said opioid sgonists. Morphine and other bimodally-acting
(inhibitory/axcitatory) opioid agonists bind to and activate inhibitory au:l excitatory opioid
receptors on nociceptive neurons mediating pain. Activation of inhibitory receptors by said
agonists causes analgesia. Activation of excitatory receptors by said agonists results in anti-
analgesic effects, development of physical dependence, tolerance, hyperexcitability, hyperalgesia
and other undesirable sidecffects. The co-administration of the releasable opioid antagonist
which binds 10 and inactivates excitatory opioid receptors results in the blocking of excitatory
mti-nr;nlgelie side-cfTects ol suid opioid aganists on these neurons, thereby resulting in enhanced
analgesic potency which permits the use of lower dases of morphine or othe. conventional opioid
nm;lgeaics. The specification and examples of U.S. Patent No. 5,472,943 which describes such
formulations and methods is hereby incorporated by reference in combination with the
sequestered antagonist as disclosed herein.

A known references of releasnble opioid antagonists with opioid agonista such as U.S.
Patent No. 3,773,955 (Pachter, etal.); U.S. Patent No. 3,493,657 (Lewenatein, etal.) U.S. Patent
No. 4,457,933 (Gordon, et al.); U.S. Patent No. 4,582,835 (Lewis) U.S. Patent Nos. 3,512,578,
5,472,943; 5,580,876; and 5,767,125 (Crain) and U.S. Patent No. 4,769,172 and 4,785,000

(Kreek) can be combined with a sequestered antagonist as disclosed herein and all of these
references are ﬁereby incoporated by reference.
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U.S. Provisiena! Application No. 60/181,369 and 60/181,358 both filed February 6, 2000
are hereby incorporated .by reference in combination with the Ihn%e component invention as
disclosed herein,

All commercial preducts of opioid agonist and releasable anm{bnilu can be combined
with a sequestered antagonist as disclosed herein. For example, Talwin NX can be formulated
with a sequestered antsgonist to reduce oral abuse as well as parenternl abuse of the opioid
thecein, ' .

In preferred embodiments, opioid agonists useful in the present invention include, but sre
not limited to, slfentanil, allylprodine, aiphaprodine, anileridine, benzylmorphine, bezitmmide,
buprenorphine, butorphanol, clonitazene, codeine, duomorphfne. dextromoramide, dezocine,
diampromide, diamorphone, di-hydrocodeine. dihydromarphine, dimenoxedol, dimepheptanol,

dimethylthiambutene, dioxaphetyl butyrate, dipipanone, eptszocine, ethoheptazine,

ethylmethylthiambutene, ethylmorphine, elonitazene, etorphine, dihydroetorphine, fentanyl and
derivatives, heroin, hydrocodone, hydromorphone, hydroxypethidine, isomethadone,
ketobemidone, levorphanol, levophenacylmorphan, lofentanil, meperidine, meptazinol,
metazocine, methadone, metopon, morphine, myrophine, narceiue, nicomarphine,
noclevorphanol, normethadone, nalorphine, nalbuphene, nomorphine, norpipanone, opium,
oxycodone, o:ymorphm;:. papaveretum, pentazocing, phenadoxone, phenomorphan,
phenazacine, phenopecidine, piminodine, pirittamide, propheptazine, promedal, properidine,
propoxypheng, sufentanil, tilidine, tramadot, mixtuces of any of the foregoing, salts of any of the
Enregoi.ng. and the like. In certain embodiments, the amount of the opioid agonist in the claimed
opioid composition may be about 75 ng to 750 mg.

Although hydrocedone and oxycodone are effective in the management of pain, there has
been an increase in their abugs by individuals who are psychologically dependent an epioids or
who misuse opioids for non-themapeutic rensons.  Previous experience with other opioids has
demonstrated a decreased abuse potential when opioids are sdministered in combination witha
narcotic antagoniat especially in patients who are ax-addicts, Weinhold LL, et al. Buprenorphine
Alone and in Combination with Naltrexone in Non-Dependent Humana, Drug and Alcohol
Dependence 1992; 30:261-274; Mendslson J., etal., Buprenorphine and Naloxone [nteractions in
Opinte-Dependent Valunteers, Clin Pharm Ther. 1996; 60:105-1 14; both of which are hereby
incorporated by reference. These combinations, hawever, do not contain the opioid antagonist
thal is in a substantially non-releasable form. Rather, the opioid antagonist is released in the
gastrointestinal system whan ocally administered and is made availoble for absorption, relying on
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the physiology of the host to diﬁ'cl:entinlly metabolize the agonist and antagonist and negate the
agonist effects.

Hydrocodona is a semisynthetic narcotic analgesic and entitussive with multiple central
nervous system and gastrointestinal actions. Chemically, hydmcodoneﬁ 4,5-epoxy-3-methoxy-

- 17-methylmorphinan-§-one, and iy also known as dihydrocodeinone. Like other opioids,

hydrocodone may be habit forming and may produce drug dependence of the mocphine type. In
excess doses hydrocodone, like other opium derivatives, will depress respiration.

Onl hydrocodone is also available in Europe (Belgium, Germany, Greece, ltaly,
Luxembourg, Norway end Swi::edn;ld) us an antilussive agent. A parenteral formulation is also
available in Germany as aa antitussive agent. For use as an unalgesic, hydrocadone bitartrate is
c_ommen:i:lly available in the United States only as a fixed combination with l.'lon-opille drugs
(i.e., ibuprofen, scetaminophen, aspicin, ete,) for relisf of moderate or moderately severe pain

A common dosage form of hydrocodone is in combination with acetaminophen, and is
commercially available, e.g., a1 Lortab®in the U.S. from UCB Pharma, Inc. as 2.5/500 mg, 5/500
mg, 7.5/500 mg and 10/500 mg hydrocodone/ucetaminoghen whets, Tablets are also aveilable in
the ratio of 7.5mg hydrocedons bitartrate and 550mg acetnminophen; and 7.5mg hydrocodons
bitartrate and 750mg acetaminophen. Hydrocodone in combination with aspirin is given in sn
oral dosage form to adults geaerally in 1-2 tablets every 4-§ hours as needed to alleviate pain.
The tablet form is Smy hydrocedone bitartrate and 224mg aspirin with 32mg caffeine; or Smg
hydrocodone bitartrate and 500mg aspirin, A relatively new formulntion comprises hydrocodons
bitartrate and ibuprofen. Vicoprofer®, commercially available in the U.S. from Knoll
Laboratories, is a tablet contining 7.5 mg hydrocadone bitartmate and 200 mg ibuprofen. The
present invention is contemplated to encompass all such formulations, with the inclusion of an
opioid antagonist in releasable and non-releasable form.

. Oxycodone, chemically known az  4,5-expoxy-14-hydroxy-3-methoxy-17-
melhylm;rphinnn-ﬁ-on:. is an apioid agonist whose principal therapeutic action is analgesia.
Other therapeutic effects of oxycodona include snxiolysis, euphoria and feelings of relaxation.
The precise mechanism of its analgesic nction is nat known, but specific CNS opioid receptors
for endogenous compounds with opicid-like activity have been identified throughout the brain
and spinal cord and play a role in the analgesic effects of this drug.

Oxycodone is commercially available in the United States, e.g., 28 Oxycontin® from
Purdue Pharma L.P. as controlled-release tablets for oral administration containing 10 myg, 20
mg, 40 mg or 80 mg oxycodone hydrochloride, and as OxyIR™, alsa from Purdue Pharma L.P.,
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as immediate-relense capsules contnining 5 mg oxycodone hydenchloride. °; he present invention
is contemplated to encompass all such formulations, with the inclusion of an apioid antagonist in
a substantially non-releasable form.

In preferred embodiments, the opioid antsgonist of the pru‘d’nt invention includes
naltrexone, nalmefene, cyclazacine, levallorphan and mixtures thereof. In certain praferred
embodiments, the opioid antagonist is nalaxone or naltrexone. In certain embodiments, the
amount of the opioid antagonist, present in & substantially non-releasable form, may be sbout 10
ng to 273 mg.

Naloxone is an opioid antagonist which is almost void of agonist effects. Subcutancous
doses of up to 12 mg of aaloxone produce no discernable subjective effects, and 24 mg naloxone
causes only slight drowsiness, Small doses (0.4-0.3 mg) of naloxone given intramuscularly or
intravenously in man prevent ot pmn.lplly reverse the effects of morphine-like opioid agonist.
One mg of naloxone intcavenously has been reported to completely block the effect of 25 mg of
heroin. The effects of nalaxone are seen almost immediately after intravenous administration.
The drug is absorbed after oral administration, but has been reported to be metabolized into an
inactive farm rapidly in its ficst pussege through the liver such that it has been reported to have
significantly lower potency than as when parenterally administered. Oral dosage of more than 1g
have Leen reporied to be slmost completcly metabolized in less than 24 hours. It has been
reported -that 25% of naloxone administered sublingually is absorbed. Weinberg, et al.,
Subiingual Absorption of selected Opioid Analgesics, Clin Pharmpeof Ther, (1988); 44:335-340. -

Other opioid antagonists, for example, cyclazocine and naltrexone, both of which have
cyclopropylmethyl substitutions on the nitrogen, retain much of their efficacy by the oral route
and their durations of action are much longer, approaching 24 hours after oral doaes.

In the treatment of palicnis previously addicted to opioids, naltrexone has been used in
large oral doses (over |00 mg) to prevent suphorigenic effects of apioid agonisw. Naltrexone has
been ceported to exert strong preferential blocking action agninst mu over delta sites, Naltrexone
is known as s synthetic congener of oxymorplione with no opioid agonist pr-opertiel. and differs
in structure rom oxymorphane by the ceplacement of the methe/1 group louated on the nitrogen
atom of oxymorphone with a cyclopropylmethyl greup. The hydrochloride sit of naltrexone is
soluble in water up 10 about 100 mg/cc. The pharmacological and pharmacokinetic properties of
naltrexone have been evalunted in multiple animal and clinical studies. Sue e.g, Gonzalez JP, et
al. Naltrexane: A review of is Pharmacodynamic and Pharmacokinetic Prope:iiu and
Therpeutic Efficacy in the Management of Opioid Depsndence. Drugy 1988; 335:192-213,
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hereby incorpomated by reference. Following oral administrtion, naltrexone is rapidly absorbed
{within { hour) and hu an orai bioavailability ranging from 5-40%. Naltrexonc's protein binding
is approximately 21% and the volume of distribution following singlu-dose adminiatration is 16.1
L/kg. .

Naltrexofie is commercially svailable in tablet form (Revia', DuPont) for the treatment of
alcohol dependence and for the blockade of exogenausly administered opioida. See, e.g., Revia
(naltrexone hydrochlaride tablets). Physician ¥ Desk Refarsnce $1% ed., Montvale, NJ, ™ Medical
Economics” 1997; 51:957-959. A dosage af 50 mg Revis" blocks the pharmacological effects of
25 mg IV administered heroin for up to 24 hours.

Itis known that when coadministered with morphine, heroin or ather opioids on a chranic
basis, naltrexona blocks the development of physical dependence to opioids. It is beliaved that
the method by which saltrexone blocks the effects of hervin is by competitively binding at the
opioid receptors. -anlremnc hus been used to treat narcatic addiction by cnmpletz blockads of
the effects of opioids. It has been found that the moat successful use of naltrexone for o narcotic
addiction is with narcatic addicts having good prognosis, as part of 2 comprehensive occupational
or rehabilittive program involving behavioral contral or other compliance enhancing mathoda.
For treatment of narcatic dependence with naltrexane, it is desirable that the patient be opiaid-
‘Free for at least 7-10 days. The initiol dosage of naltrexone for such purposcs has typically been
about 25 mg, and tFno withdrawal signs occur, the dosage may be increased to 50 mg perday. A
daily dosage of 50 mg is considered to produce adequate clinical blocka-e of the actions of
parenteratly administered opioids. Naltrexons has alao bean used for the treatment of alcohalism
as an adjunct with secial and psychotherspeutic methods.

In certain embodiments of the present invention, ratio of the opioid agonist to the
substantially nan-releasable form of an opioid antagonist in the oral dosage form is such that the
cffect of the opioid ayonist is at least partially blocked \'vhcn the dosage form is chewed, crushed
ar dissolved in a solvent and heated, and sdmibigtered orally, intrannsally, parenterully or
sublingually. Since the oral dosage form of the present invention, when administered properly as
intended, would not substantisily release the opioid aniagonist, the amount of such antagonist
may be varied more widely than if the opioid antagonist is available to be released into the
gastrointestina! system upon oral administration. For safety reasons, the amount of the antagonist
present in & subatontislly non-releasable form should not be harmful to humans even if fully

released. The ratio of particular opioid agonist to antagonist can be determined without undue
experimentation by one skilled in the art.
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The orul dosage form of the present invention may further include, in addition to an
opioid agonist and celeasable and non-releasable antmgonist, one or more drugy that may or may
not act synergistically therewith. Thus, in certain embodiments, s combination of two opioid
ngonists may be included in the dosage form, in addition to the opiotd ﬁhgoniat. For axample,
the dosage focm may include twa opioid agoniats having different properties, -mch as half-life,
solubility, potency, and s combination of any of the foregoing, In yet further embodiments, one
or more opioid agonist is included and a further non-opioid drug is nlso included, in addition to
the opioid antagonist. Such non-opioid drugs would preferably provide additional anzlgesia, and
include, for example, aspirin, scetominophen; non.steroidal anli-inflammatory drugs
{"NSAIDS"), eg., ibuprofen, ketoprofen, etc.; N-methyl-D-aspartate (NMDA) receptor
antagonists, e.g., @ morphinan such as dexiromethorphen or dextrorphan, or ketamine;
cycooxygenase-[ inhibitors ("COX-II inhibitocs®); and/or glycine receptor antagonists.

In certain preferred embodiments of the present invention, the invention allows for the use
of lower doses of the opioid analgesic by vire of the inclusion of an additional non-opioid
agonist, such as an NSAID or 8 COX-2 inhibitar. By using lower amounts of either or both
drugs, the side effects associated with effective poin management in humans are rediced.

Suitable non-steroidal aati-inflammatory agents, including ibuprofen, diclofecac,
naproxen, benoxaprofen, ﬂt;rbipmfﬁ\. fenoprofen, flubufen, ketoprofen, indoprofen, piroprofen,
carprofen, oxaprozin, pramopmfen, muroprofen, trioxaprofen, suprofen, amivoprofen, tiaprofenic
acid, RAuprofen, bucloxic acid, indomethacin, sulindac, tolmetin, zomepirac, tiopinac,
zidometazin, acemetacin, fentiazac, clidanag, oxpinn;. mefenamic acid, meclofenamic acid,
flufenamic wcid, niflumic acid, tolfenamic acid, diflurisal, flufenisal, piroxicam, sudoxicam or
isoxicam, and the like. Useful dosages of these drugs are well known to those skilled in the art.

N-methyl-D-aspartate (NMDA) receptor antagonists are well known in the act, and
encompass, for example, marphinans such as dextromethorphan or dextrorphan, kewmine, d-
methadone or pharmaceuticslly sccepable salts thereof. For purposes of . present invention,
the term “NMDA antagonist® is also deemed to encompass drugs that block o major intracetiular
consequence of NMDA-receptor activation, e.g. & ganglioside such as GM,; or GTy, a
phenothiazine such as trifluoperazine or u naphthalencsul fonamide such s N-{6-aminathexyl)-5-
chlora-1-naphthalenesul fonamide. These drugs ars stated to inhibit the development of tolerance
to and/or dapendence o addictive drugs, e.g., narcotic analgesics such as morphine, codaine, ete.
in U.S. PaL. Nos. 5,321,012 and 5,556,338 (both to Mayer, et al.), and to treat chronic pain in
U.S. Pat. No. 5._502.058 (Mayer, et ul.), all of which are hereby incorporated by reference. The
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NMDA antagonist may be included alone, or in combination with a local anesthetic such as
lidocaine, as described in these Mayer, ct. al. patenta.

The treatment of chronic pain via the use of glycine receptor antagonists and the
idencification of such drugs is described in U.S. Pat. No. 5,514,680 PWeber, et al.), bereby
incorporuted by reference.

COX-2 inhibitors have been reparted in the art and many chemical structures are known
1o produce inhibiti_on ofcycloaxygenase-2. COX-2 inhibitors are described, for example, in U.S.
Patent Nos. §5,616,601; 5,604,260; 5,591,994; 5,550,142, 5,536,752; 5,521,.213; 5.4:14,995‘.
5.639,780; 5,604,253; 5,552,422, 5,510,368; 5,416,265; 5,409,944; und 5,130,311, sll of which
are hereby incorporated by reference. Certain preferred COX-2 inhibitars include celecoxib (SC-
53615), DUP-697, flosulide (CGP-28238), meloxicam, §-methoxy-2 naphthylacetic acid (6-
MNA), MK-966 (als0 known s Vioxx), nabumetone (pradrug for 6-MNA), nimesulide, NS-198,
SC-5766, SC-58215, T-614; or combinations thereof. Dosage levels of COX-2 inhibitor on the
order of from sbout 0.005 mg to sbout 140 mg per kilogram of body weight per day are
therapeutically effective in combination with an opioid analgesic. Alternatively, I.hCIl.It 0.25mg
te about 7 g per patient per day of a COX-2 inhibitor is administered in combination with an .
apioid analgesic. .

In yet further embodiments, s uon-opioid drug can be included which provides a desired
effect other than analyesis, e.g., antitussive, expét:mmnt. decongestant, antihistamine drugs, local
anasthetics, and the like.

PREPARATION OF OPIOID ANTAGONIST
IN A SUBSTANT Y NON- ASADLE OR NON-RELEASABLE F

In centain embodiments of the present invention, an opioid antagonist in a substantially
non-releasable form may be prepared by combining the antagonist with one or move of a
pharmaceutically acceptable hydrophabic material. For axamiple, apioid antagonist particles may
be coatad with coating that substantially prevents the release of the antagonist, the coating
comprising the hydrophobic mslerials(s). Anotherexample wouid be an opioid antagonist that is
dispersed in o matrix that renders the anmgonist to be substantially non-relessable, the matrix
comprising the hydrophabic materials{s). In certuin embodiments, the pharmaceutical acceptable
hydrophobic material comprises a cellulose polymer selected from the group consisting of
athylcelluloae, cellulose acetare, cellulosz propionate (lower, medium or higher molecular
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weight), cellulose acente propionate, cellulose acetate butyrate, ceilulose acetate phthalate and
cellulose trincetate. Anexample of ethylcellulose is one that has an ethoxy content of 44 to 55%.
Ethylcelluiose maybe used in the form ofan lléohnli: solution. In certnin other embodiments,
the hydrophobic material comprises polylactic acid, poiyglycolic scidor = co-polymer of the
polylactic snd polyglycolic acid.

In certain embodiments, the hydrophobic material may comprise a celiuiose polymer
selected from the group consisting of cellulose ether, .ccllulosu eater, ceilulm ester ether, and
cellulose. The cellulosic polmrs have a degree of substitution, D.S., on the anhydroglucose
unit, from greater than zero and up to 3 inclusive. By degree of substitution is meant the average
number of hydroxyl groups present on the anhydroglucose unit comprising the cellulose polymer
that sre replaced by a substituting group. Representative materinls includ. a polymer selected
from the group consisting of cellulose acylate, cellulose diu'cyhu, cellulose triacylate, cellulone
acetate, cellulose diacetate, cellulose trincetate, mono, di, and tricellulose alkanylates, moni, di,
and triceliulose acoylates, and mano, i, and tricellulose alkenylates. Exemplary polymers include
cellulose acetate having a D.S. and an acetyl content up to 21%,; cellulose acetats haviag an
acetyl contentup to 32 1o 39.8%; cellulose acetale having a D.S. of 1 to 2 and an acetyl content of
21 to 15%; cellulose acetate having a D.S. of 2 to 3 and an scetyl content of 35 to 44.8%.

More specific cellulosic polymers include cellulase propionate havinga D.S.of 1.8 and a
propyl content of 39.2 to 45 and a hydraxyl content of 2.8 to 5.4%; cellulose scetate butyrate
havinga D.S. of 1.8, sn acetyl content of 13 to 1 5% and a butyryl content of 34 to 39%; cellulose
acetate butyrate having an acetyl content of 2 to 29%, a butyryl content of 17 to 53% and a
hydroxyt content of 0.5 to 4.7%; cellulose kiacylate having a D.S. of 2.9 to 3 such as ceflulose
triscetate, cellulose ivalerate, cellulose trilaurate, cellulose tripatmitate, celiulgse trisuccinate,
snd cellulose trioctancate; cellulose diacylates having a D.S. of 2,2 to 2.6 such at cellulose
disuccinate, cellulose dipalmitate, celluloac dioctanoate, éllulole dipentanoate, and coesters of
cellulose such ax cellulose acetate butyrote, cellulose acetate octanoate butymte and cellulose
acetate propionate. .

Additional cellulose polymers useful for preparing an opioid antagonist in 2 substantially
non-teicasable form includes acemldehyde dimethyl cellulose acetate, cellulose acetate
ethylcarbamate, celluloss acetate methylcarbamate, and celluloss acetate dimethylaminacellulose
acetate. . R

An scrylic polymer useful for preparation of the opioid aningonist in a substantially non-
relensable form includes, but ace not limited to, acrylic resins comprising copolymers synthesized
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from acrylic and methacrylic acid esters (e.g., the copolymer of acrylic acid lower alkyl esterand
metharrylic acid lower alkyl aster) containing about 0.02 to 0.03 mole of & tri {lower alkyl)
ammonium group per mole of the acrylic and methacrylic monomers used. An example of 8
suitable acrylic resin'is a polymer manufoctured by Rnhl-n Phanma Gl';bH snd sold under the
Eudragit’ RS trademack, Eudragit RSIOD is preferred. Eudragit® RS is a water insoluble
copolymer of ethyl scrylate (EA), methyl methserylate (MM) and trimethylammoniumethyl
methaerylate chloride (TAM) in which the molac ratio of TAM to the cemsining components (EA
and MM) is 1:40. Acrylic resing such as Eudragit” RS may be used in the form of sn aqueous
suspension. : _

In certain embodiments of the invention, the acrylic polymer may be selected from the
group consisting of acrylic acid and methacrylic acid copolymers, methyl methaccylate
copolymers, cthoxyethyl methacrylates, cyanocthyl methacrylate, poly(acrylic acid),
poly{methacrylic acid), methacrylic acid slkylamide copolymer, poly(methyl methacrylate),
polymethacrylate, poly(methyl methacrylate) . copolymer, polyacrylamide, aminoalkyl
methacrylate copolymer, poly(methacrylic acid anhydride}, and glycidyl methacrylats co-
polymers.

When the opioid antagonist in & substantially non-releasable form comprises opioid
antagonist particles coated with a coating that renders the antagonist substantislly non-releasable,
and when a cellulose polymer or an scrylic polymer is used for preparation of the coating
composition, suitable plasticizers, e.g., acetyl triethyl citrate and/or acetyl tributy] citrate may alac
be admixed with the polymer. The coating may nisa contain additives such as coloring agents,
talc and/or magnesium stearniz, which are well known in the coating art.

The coating cumpositian may be applied onto the opioid antagonist ;:articles by spraying
itonto the particles using any suitable spray equipment known in the part. For example, s Wuster
fuidized-bed system may be used in which an air jet, injected from undementh, fluidizes the
coated materinl and effects drying while the insoluble polymer coating is sprayed on. The
thickness of the coating will depend on the cham.:leriltiu of the particular coating composition
being uaed. Howaever, itis well within the ability of one skilled in the art to detarnine by routing
experimentation the optimum thickness of a particular coating required for a particular dosage
form qf the present invention. .

The pharmaceutically aceeptable hydrophobic material useful for preparing an opioid
antagonist in a substantially non-releasable form includes a biodegradable polymer compriking a
poly(lactic/glycolic acid) (“PLGA™), a polylactide, a polyglycolide, @ polysnhydride, a

2
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polyorthoester, polycaprolactones, polyphosphazenes, polysaccharides, pmhim:euu.s polymers,
polyesthers, polydioxanone, polygiuconate, polylactic-acid-polyethylene oxide copolymers,
paly(hydroxybutyrate), palyphosphoesther or mixtures or blends of any of these.

In certain embodiments, biodegradable polymer comprisas a porf(lutidglyculi: scid), &
copolymer of inctic and glycolic acid, having molecular weight of about 2,000 to about 500,000
daltona. The mtio of lactic acid to glycolic acid is from about 100:0 1o about 25:75, with the ratio
of lactic acid to glycolic acid of 65:35 being preferred,

Poly(lactic/glycolic acid) may be gpeepared by the procedure sot focth in U.S. Pateat No.
4,293,519 (Ludwig et al.), the disclosure n.f which is hereby incorporated by reference in its
entirety. In prief. Ludwig preparea the copolymer by condensation of lactic acid and glycolic acid
in the presence of a readily removable palymerization eatalyst {¢.g., 8 strong scid ion-exchange
resin such as Dowex HCR-W2-H). The amount of catalyst is not critical to the polymerization,
but typically is from about 0.01 to"about 20 parts by weight relative to the total weight of
combined lactic acid and glycolic acid. The polymerization reaction may be conducted without
solvents at & temperature from about 100 C to about 250 C for about 48 tw about 96 hours,
preferably under n reduced pressure to [acilitate removal of water and by-products.
Poly(lactic/glycolic acid) is then recovered by filtering the molten reaction mixture in an |_:u3|n.ie
solvent such as dichloromethane or acetone and then filtering to remove the catalyst

* Once the oploid aatagonist in a subatantially non-releasable form is prepared, it may bo
combined with an apioid agonist and reiensable antagonist, along with conventional excipients
known in the art, ta prepare the ol dosage form of the present invention.

In certain pl:efemd embodiments of the invention, the oral dcl:ﬂge form is a capsuleora
tablet. When being formulated as s tablet, the sgents may be combined with one or more inert,
nan-toxic pharrnaceutical excipients which are suitable for the moaufacture of tablets. Such
excipients include, for example, an inert diluent such s lactose; granulating and disintagrating
sgents such as comstarch; binding agents such os starch; and lubricating agents such as
mognesium stegrate,

The onl dosage form of the present invention may be formulated to provide immediate
release of the opioid agonist contained therein. In other embodiments of the. invention, howaver,
the oral dosage form provides sustained-release of the opioid agoniat.

In cermain smbodiments, the oral dosage forms providing sustained release of the opioid
sgonist and/ar releasable antagonist may be prepared by admixing the opioid antagonist in a
substantizlly non-reicasable form with the agonist and releasnble antagonist and desirable
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pharmaceutical excipients to provide & tablet, and then coating the tablet with s sustnined-releass

tablet coating.

In certain embodiments of the invention, sustained release opioid agonist tablets may be
prepared by admixing the substantially non-celeasable form of an o‘;iioid antagonist with a
releasable opioid antagonist and agonist in a matrix that provides the tablels with sustained-
releasing propertics. )

Detniled description for preparing sustai ned-reicase oral dosage forma according to the
present invention is set forth below. )

PREPARATION OF CONTROLLED RELEASE DOSAGE FORMS
CONTAINING AN OPIOID AGONIST AND A SUBSTANTIALLY
-RELEASABLE FORM OF AN OPIOID GONIST

A combination of the opioid agonist ind & substantially non-releaseble form of an opioid
sntagonist may be formulated os a controlled or sustuined release oral farmulation in any suitsble
tablet, coated tablet or multiparticulate formulation known to those skiiled in the art. The
sustained release dosage form may optionally include a suatained retease cartier which is
incorporated into o malrix along with the opioid agonist and a non-available form of an apioid
antagonist, or may be applied as a sustained release coating. -

In embodiments in which the opioid sgonist comprises hydrocodone, the sustained release

ocul dosage forms may include analgesic doses from about & mg to about 50 mg of hydrocadone

per dosage unit.  [n sustained release om! dosage forms, where hydromorphone is the
therspeutically active opioid, it is included in an amount from about 2 ing to about 64 mg
hydromorphone hydrochieride. In another embodiment, the opioid agonist comprises morphine,
and the sustained release oral dosage formas of the present invention include from about 2.5 mg to
gbout 800 mg morphine, by weight. In yet another embodiment, the opioid agonist comprises
oxycodone and the sustained release oral dosags forms include from about 2.5 mg to about 300
mg oxycodone, In certain preferred embodiments, the sustained release oral dosage forms
include from obout 20 mg to sbout 30 mg oxycodone. Controlled release oxycodone
formulations are known in the art. The following documents describe various contralled release
oxycodone formulations suitable for use in the invention described herein, and processes for their
manufaciure: U.S. Patent Nos. $,266,331; 5,349,912; 5,508,042; and 5,656,295, The opicid

. agonist may comprise tramadol and the sustained release oral dosage forma may include fram

about 25 mg to 800 mg tramadol per dosage unit. The dosage form may contain more than one
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opioid agonist to provide a substantially equivaler;t therapeutic effect. Alu::nntlively, the dosage
form may contein molar equivalent amounts of other salts of the opioid agonists useful in the
present invention.

In one preferred embodiment of the present invention, the sustaified release dosage form
comprises such particles comprising the opicid agonist, wherein the pmicl-u have diameter from
about 0.1 mm 0 about 2.5 mm, preferably from about 0.5 mm to sbout 2 mm.

The opinid agonist particles are praferably fitm conted with a material that permits releuse
of the opioid agonist at & sustairied rmte in an aqueous medium. The film cost is chosen so as to
achisve, in combination with the other stated propertics, a desired in-vitro relcase rate. The
sustained release coating formulations of the present invention should be capabie of producing 2
strong, continuous film that is smooth and elegant, capable of supporting pigments and other
coating sddilives, non-toxic, inert, and tack-free. .

The dasege forms comprising ua apioid egoniat and a substantially non-relcasable ogioid
antagonist may optionally be coated with une or more materials suilable for the regulation of the
opioid agonist release or for the protection of te formulation. In one embodiment, coatings are
pravided to petmit either pH-dependent or pH-independent release, e.g., when exposed to
gastrointestinal fluid. A pH-dependent coating serves to release the apioid in desired oreas of the
gustro-intestinal {GT) truct, ¢.§., the stomach or small intesting, such that an shaorption profile is
pmvided.whil:h is capable of providing ut least abaut eigl.u: hours and preferably about twelve
hours to up to about twenty-four houis of analgesin Lo a patient. Whena pH-indepéndent coating
in desired, the coating is dosigned to- schicve dptimal release of the opioid regacdlcss of pH-
changes in the environmental fuid, e.g., the GI tract. It is also possible to formulats
comgositions which releasc g portion of the dose in one desired arca of the G tract, e.g., the

" stomach, and release the remainder of the dose in anather area of the GI tract, eg., the smult

intestine.

* Formulations acconding to the invention that utilize pH-lependent coatings to obrain
formulations may also impart a repeat-action effect whereby unprotected deug is coated oveér the
enteric cont and is relensed in the stomach, while the remainder, being protectéd by the enteric
canting, is released further down the gastrointestinal tcact, Coatings which dre pH-dependent nuay
be used in accordance witl the present invention inclide shellac, cellulose acotats phthalate
(CAP), polyvinyl acetate phihalite (PVAR), hydmxypmpylmemylccllulue phthalate, and
methacrylic acid ester copolymu: zein, and the like. :
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In certain preferred embodiments, the substrate (e.g., blet core bead, matrix particle)
containing the opioid annlgesic (with or without the COX-2 inl:libitnr) is conted with a
hydrophobic matecial selected from (i) an alkylcellulose; (if) an acrydic pelymer; of (iii) mixtures
thereof. . Tha coaling may be applied in the form of an organie or nqn.[emfn solution or dispersion.
The coating may he applied to abtain  weight gain from about 2 to about 25% of the subatrate in
ordar to obtain a desired sustained release profile. Costings derived from aqueous di:p:r;ianl are
described, ¢.g., in detail in U.S. Patent Nos. 5,273,760 and 5,286,493, sssigned to the Assignee
of the present invention and hereby incorporated by reference.

Other exsmples of sustained release formulations and coatings which may be used in
sccordance with the present invention include Assignee’s U.S. Patent Nos. 5,324,351; 5,356,467,
xnd 5,472,712, hereby incorporated by reference in their entirety,

ALKYLCELLULOSE POLYMERS

Cellulosic materigls and polymer, including alkylcelluloses, provide hydrophobic
materials well suited for coating the beads according to the invention. Simply by way of
cxample, one preferred alkylcellulosic polymer is ethylcellulose, although the artisan will
appreciate that other cellulase and/or alkyleeilulose polymers rnnyhe readily employed, singly or
in any combination, as &l or part of a hydrophobic coating according to the invention.

One commercially-available squecus dispersion of ethyleellulose is Aquacoat” (FMC
Corp., Philndelphin, Pennsylvania, U.S.A). Aquacoa” is prepared by dissolving the
cthylcellulose in & water-immiscible organic solvent and then emulsifying the same in water in
the presence of a sucfactant and » stabilizer, After homogenization to generate submicron
droplets, the organic solvent is evaparated under vacuum to form o pseudolatex. The plasticizer
is not incorporated in the pseudolatex during the manufacturing phass. Thus, prior to using the
same aS a coating, it is necesanry to intimately mix the Aquocoat” with a suitable plasticizer prior
10 use.

' Another squecus dispersion of ethyicellulose is commercially available as Surelease”
(Coloreon, Inc., West Point, Pennsyivania, U.S.A.). This product is prepared by incorparating
plasticizer into the dispecsion during the manufacturing process. A hot melt of a polymer,
plasticizer (dibutyl sebacate), and sabilizes (oleic acid) is prepared s s homogeneous mixture,
which is then diluted with an'wlkaline solution to obtain an aqueous dispersion which can be
applied directly onto substrates. )
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In other prefecred embodiments of the present invention, ﬂ'lﬁ hydraphobic materinl -
comprising the contro]led release coaling it a pharmaceutically acceptable acrylic polymer,
including but not limited to acrylic acid and methacrylic acid copolymers, inethyl methscrylate
!:npolymers. cthoxycthyl methacrylates, cyanoethyl methacrylate, poly{ecrylic acid),
poly(methacrylic acid), methaccylic acid alkylamide copolymer, paly(methyl methacrylate),
polymethacrylate, poly{methyl methacrylate) copolymer, polyscrylamide, aminoalkyl
methacrylate capolymer, poly(mothacrylic acid anhydride), and glycidyl methaccylate
copolymers.

In certsin preferred embodiments, the acrylic polymer is comprised of one ar more
ammeonio methacrylate copolymers, Ammonio methacrylate copolymers are well known in the
art, and are described in NF XV as flly polymerized copalymers of accylic and methaceylic
acid esters with a low content of quatermary ammonium groups.

In arder to abtain a desirable dil!olution profile, it may ba necessary to incorporate two or
mare ammonio methacrylate copolymers having differing physical properties, such as different
molar mtios of the quatemary ammonium groups 10 the neutral {(meth)acrylic esters.

Certain methacrylic acid estec-type polymers are useful for preparing pH-dependent
coatings which may be used in accordance with the present invention. For example, there are s
lmily of copalymers synthesized from diethylsminoethyl methacrylata and other neutral
methacrylic esters, also known as methacrylic scid copolymer or polymeric methacrylates,
commercially available as Eudragit” from R3hm Tech, Inc. There are several different types of
Eudragit”. Forexample, Eudragit’ E isan example of a methacrylic acid copolymer which swells
and diasolves ia acidic media. EuC_lmgit' L iz a methacrylic acid copolymer which does not swell
at about pH < 5.7 and i soluble at about pH > 6. Eudrayit® S does not swell at about pH < 6.5
and is soluble at about pH > 7. Eudrgit” RL and Eudragit® RS are water swellable, and the
amount of water absorbed by these pofymers is pH-dependent, however, dosage forms coated
with' Eudeagit” RL and RS ars pH-independent. -

In certin preferred embodiments, the acrylic coating comprises a mixture of two acrylic
resin lacquers cammercially available from Rohm Pharma under the Tradennmes Eudmgi-l'
RLIOD and Eudragit® RSIOD, respestively. Eudragit® RL30D and Eudragit® RS30D are
copolymers of scrylic and methacrylic esters with & low content ofquaternat y ammonium groups,
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the molar ratio of ammonium groups to the remaining neutral {meth)acrylic esters being 1:20 in
Eudragit” RLIOD and 1:4) in Eudragit” RSI0D. The mean moleculnr weight is about 150,000.
The code designations RL (high permesbility) and RS (low permeability) refer to the
permeability peaperties of these agents. Eudragit” RL/RS mixtures are i/nholuble in water and in
digestive fluids. However, contings formed from the same a:w swellable and permeable in
aqueous solutions and digestive Ouids. ) ) .

The Eudragit” RL/RS dispersions af the present invention may be mixed together in sny
desired ratio in onder to ultimately obtain a sustained release formulation having a desirable
dissolution profile. Desirable susiained relense formulations may be obmined, for ingtance, fom
a tetardant coating derived from 100% Eudmgit® RL, 50% Eutragit® RL and 50% Eudeagit® RS,
and 10% Eudragit” RL:Eudragil® 90% RS. Of courne, one skilled in the ort will recognize that
other acrylic palymers may also be used, such as, for exampie, Eudrugit® L.

P 1CIZERS

In embodiments of the present invention where the coaling compril;es an aqueous
disper'sion of a hydrophobic material, the inclusion of an effective amount of a plasticizer in the
aqueous dispel?ion of hydrophabic material will further improve the phys: -l pmpeniu' of the
sustained release conting. For example, because ethylcellulose has a relatively high glass
transition temperature and does not form flexible films under normal coating conditions, it is
preferable to incorporate a plasticizer inta an ethylcallulose coating containing sustained release
coating before using the same as & coating material. Generally, the amount of plasticizer
includedin s coating solution is based on the concentration of the film-former, e.g., most often
fram about 1 t0 about 5¢ percent by weight of the film-former. Concentration of the plasticizer,
however, can only be properly determined after careful experimentation with the particular
coating solution and method of application.

Examples of suitable plasticizers for ethyleeliulose include water insoluble plasticizers
such as dibuty! sebacate, diethyl phthalate, triethyl citrate, tributyl citrate, and triacetin, although
it is possible that other water-insoluble plasticizers (such us acetylated monoglycerides, phthalate
esters, castor oil, ets.) may be used. Tricthyl citrate is an especially preferred plasticizer for the
aqueous dispersions of ethyl cellulose of the present invention.

Examples of suitable plasticizera for the acrylic polymers af the present invention include,
but ara pot limited to citric acid estsrs’such as tristhyl citrate NF XV], tributyl citrate, dibutyl
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phlhﬂll;.e. and possibly 1,2-propylene glycol. Other pl;s:iciura which have praved to be suitable
for enhancing the elasticity of the flms formed Gom acrytic films such as Evdrayit® RL/RS
lacquer solutions include polyethylene giycols, propylenc glycol, dicthyl phthalate, castor oil, and
trincetin. Tricthyl citrate is an especially preferred plasticizer for the aquéous dispersions of cthyl
cellulose of the present invention.

It has further been found that the addition of a small amount of lc reduces the tendency
of the aqueous dispersion to stick during processing, asid acts os a polishing agent.

PROCESSES FOR PREPARING COATED BEADS

When s hydrophobic controlled releasa coating material is used to coat inext
pharmaceutical beads such a8 nu pariel 18/20 beads, which are already coated with an opioid
sgonist, a plucality af the r2sultant solid controlled release beads may thereafter be placed in e
gelatin capsule, with the opioid antagonist in a substantiaily non-relessable form. The dosage
form provides an effective controlled rolease dose of the opioid agonist when ingested and
contasted by an environmental fluid, e.g., gastric fluid or dissolution media.

The controlled release bead formulations of the present inventior l'lowly release the
;:pinid agonist, e.g., when ingutu_i and exposed to gastric fuids, and then o intestinal fluids.
The controlled release profile of the formulations of the invention can be altered, for example, by
varying the amount of overcoating with the hydrophobic material, sltering the manner in which
the plasticizer is added to the hydrophobic material, by varying the amaunt of plasticizer relative
to hydrophabic material, h:.f the inclusion of additional ingredients or excipients, by altering the

-method of manufacture, ekc. The dissolution profile of the ultimate product may alsc be
"modified, for example, by increasing or decreasing the thicknezs of the retardant coating.

Spheroids or beads caated with on opioid agonist may be prepared, e.g., by dissolving the
drug in water and thea spraying the solution onta & gubstrate, for example, nu parial 18/20 beads,
using o Wuster insert, Optionally, additional ingredients are also added prior to coating the beads
in order to assist the binding of the opioid to the beads, and/or t color the solution, etc. For
example, a product which includes hydroxypropylmethylcellulose, 2tc. with or without colorant
(¢.8., Opadry”, commercially available [rom Colorcon, Inc.) may be added to the solution and the
solution mixed (e.g., for about 1 hous) prior to application of the same onto the beads. The
resultant coated substrate, in this example beads, may then be optionally overcoated with a
ban-inr agent, to separate the therapeutically active ngent from the Iyd;uplnbic controlled relesse
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contingg ~ An example of a suitsble bamier agent i3 one which comprises
hydroxypropylmethylcellulose. However, any film-former known in the art may be used. Itis
preferred that the barrier agent does not affect the dissolution rxte of the final product.

The beads may then be overcoated with an agqueous di.lpersrgti of the hydrophobic
material. The aqueous dispersion of hydrophobic material prefernbly further includes an effective
amount of plasticizer, e.g. tricthyl citéate. Pre-formulated aqueous dispersions of sthylcellulose,
such us Aquacoat” or Surclease’, may be used. If Surelease” is used, it is not necessary to
scparutaly add a plasticizer. Alternatively, pre-formulnted squeous dispersions of acrylic
polymers such as Eudragit” can be used.

The coating solutions of the present invention preferably contain, in addition o the
film-former, plasticizer, and solvent system (i.c., water), a colorant to provide elegance and
product distinction. Color may be added to the solution of the mmpa;tticnlly activé ageat
ingtead, or in addition to the aqueous dispersion of hydrophobic material. For example, color
muoy be added to Aquacoat” via the use of alcohol or propylene glycol based colar dispersions,
milled aluminum lakes and opuacifiers such as titanium dioxide by adding celor with shear to
water soluble polymer solution and then using low sheor to the ple-ticized Aquacost’.
Altematively, any suitable method of providing calor to the formulations of the present inveation
may be used, Suitabie ingredients for providing color to the formulation when an aqueous
dispersion of an acrylic polymer is uged include titanium dioxide and color pigments, such as iron
oxide pigm.mu. Tha incerporation of pigments, may, however, increase the retard effect of the
conting.

Plasticized hydropliobic materinl may be applied onto the substral comprising the
therapeutically active agent by spraying using any suitable spruy equipment known in the art. In
a preferred method, 2 Wurster fluidized-hed syntem is used in which an air jet, injected from
underneath, fluidizes the core materin! and effects drying while the scrylic polymer coating is
sprayed on. A aufficient amount of the hydrophobic material to obtain a predetermined
controlled reloase of said therapeutically active agent when the coatad substrate is axposed to
aqueous solutions, e.g. gastric fluid, is preferably applied, taking into account the physical
characteristics of the therapeutically active agent, the manner of incarporation of the plasticizer,
etc. After coating with the hydrophobic material, a further overcoat of 'u Llm-former, such as
Opudry’, is optionnlly applied to the bends. This overcoat is provided, if at all, in order ta
subatantially reduce agglomeration of the beads,
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The relense of the therapeutically active agent from the controlled release formulation of
the present invention can be further influenced, i.c., adjusted to c desired ate, by the addition of
one or more release-modifying agents, or by providing one or more passageways through the
coating. The mtio of hydrophobic material 10 water soluble material is/-dn_:u:nnin:d by, among
other factors, the release rate required and the solubility characteristics of the materialy sclected.

The release-modifying agents which function as pore-formers may be orgaaic or
inorganic, and include materials that can be dissolved, éxtracted or leached from the coating in
the environment of use. The pore-formers may comprise one or more hydrophilic materials such
a3 hydroxypropyimethylcellulose.

The w.slnmnd release coatings of the ‘present invention can also include erasion-
promoting agents such as ‘starch and gums.

The sustained release coatings of the present inveation can also mr.lude materials useul
for making microporous lamina in the environment of use, such as polycarbonates comprised of
linear polyesters of carbonic acid in which carbonate groups reoccur in the palymer chain.

The release-modifying agent may ulsa comprise a semi-permeable Jolymer.

In cerbin preferred embodiments, the release-modifying agent is selected from
hydroxypropylmethylceliulose, lzctose, metul stearates, and mixtures of any of the foregoing.

The sustained release coatings of the present invention may also- include an exit means
comprising at lesst one pl.u';?;swuy. orifice, or the like. The pussageway may be formied hy such
methods as those disclosed in U.S. Patent Nos. 3,%45,770; 1,916,889, 4,063,064; and 4,088,864
(all of which ore hercby incorported by relerence). The passageway can have any chape suchas
ruund, triangtlar, square, elliptical, irregular, etc.

ATRIX FO LATIONS

In other embodiments of the present inventian, the controlléd release formulation is
achicved via & marcix having a controlled release coating as set forth above. The present
invention llso comprises sustained-release tablets comprising an opioid lgumst and opisid
antagonist particles ¢oated with 2 coating that fendérs the antagouist substantially non-releassble,
wherein the agariist and tha anfagonist are dispersed in 2 controlled celease matrix that Aftords jo-.
vilm dissolutiun rates of the opicid agonist within the preferred ranges and that releases the
opioid agonist in 1’ pH-dependent ot pH-independeat manner.” Thie materials suitable “for
inclusion in & controlled relcase matrix will dspend on the method used o form the matrix.

A 1
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For example, & matrix in addition to the opioid agonist and the substantinlly non-

"releasable form of the coated opioid antagonist, may include:

Hydrophilic ond/or h-yd:uphohic materials, such as gums, ceilulose ethen, acrylic resins,
protein derived materialy; the list is not meant o be exclusive, mduny pharmaceutically
acceptable hydrophobic material or hydcophilic maserial which is capable oFimparting controlled
release of the opioid mey be used in accordance with the present invention.

Digestible,- long chain (Cy-Cy, especially Cy;-Cia), substituted or unsubstituted
h'y'dmcm‘bun:. such a3 fany acids, Gty alcohols, glyceryl esters of fatty acids, mineral end
vegetabie oils and waxes, and stearyl alcohol; and polyalkylene glyeols.

OfF these polymers, scrylic polymem, especially Eudragit® RSPO - the cellulose ethars,
especiolly hydroxyalkylcelluloses and carboxyalkylcelluloses, are preferred. The aral dosage
form may contain batween 1% snd 80% (by weight) af at least ane hydrophilic or hydcophobic
material. - _ .

When the hydrophobic materiel is 8 hydrocarbon, the hydrocack un prefembly has 2
melting point of between 25 and $0°C. OF the long chain hydrocarbon roaterinls, fatty
(aliphatic) alcohals are preferzed. The ol dasage form muﬁ contain up ta 60% (by weight) of st
least one digestible, long chain hydrocarhon

!‘r;zfenbly, the onl dosage form contains up to 60% (by weight) of at least one

‘polyalkylene glycol.

The hydrophobic malerial is preferably selected from the group consisting of
alkylcelluloses, n::y-lic and methacrylic acid polymers and copolymers, shellac, zein,
hydrogenated castor oil, hydrogenated vegetable oil, or mixtures thereof. In certain preferred
embodiments af the present invention, the hydraphobic material is a pharmaceutically acceptuble
acrylic polymer, including but not limited to acrylic acid and methacrylic acid copolymecs,

methyl methacrylate, methyl methacrylale copolymers, ethoxyethyl methacrylates, cyunoethyl .
methacrylate, aminoalkyl methacrylate copolymer, poly(acrylic acid), poly{methacrylic acid), ~

methacrylic acid alkylamine copolymer, poly(methyl methacrylats), poly{methacrylic
pcid)(anhydrids), palymethacrylate, polyacrylamide, poly(methacrylic acid anhydride), and
glycidyl methacrylate copolymers. In other embodiments, the hydrophobic material is selected
from materials such as hydroxyalkyleelluloses such as hydroxypropylmethylcellulose and
mixtures of the foregoing.

" Preferred hydrophobic materinls are water-insoluble with more or less pronounced
hydrophilic and/ar hydrophobic trends. Praferably, the hydrophobic materials useful in the
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invention have a melting point from about 30° to about 200°C, preferably from sbout 45° to
about 90°C. S.peciﬁcnlly, the hydrophobic material may comprise natural ar synthetic waxes,
fotty alcohols (such as lauryl, myristyl, stearyl, cetyl or preferably cetostearyl alcohol), Gty acids,
including but not limited to fatty acid esters, fatty acid glycerides (mono‘-:.‘di-. and tri-glycerides),
hydrogenated fats, hydrocarbons, normul waxes, stearic aid, stearyl alecohal and hydrophobic and
hydrophilic materials having hydrocarbon backbons. Suitable waxes include, for example,
beeswax, glycowax, castor wax, und eamaube wax. Forpurpoaes of the present invention, a wax-

like substance is defined as any material which is normally solid at coom temperature and has a

.melting point of from about 30* to0 about 100°C.

Suitable hydrophobic materials which may be used in sccordance with the prescat
invention include digestible, long chain (Cy-Csa, capecially Cy2-Cug), substituted or unsubstituted
hydrocarbons, such as fatty acids, fuity alcohols, glyceryl esters of fatty acids, mineral and
vegetabie oils and naturnl and synthetic waxes. Hydrocarbons having s melting point of between
25° and 90°C are preferred. OF the long chain hydrocarbon materials, fatty (aliphatic) alcohols
are preferred in certain embodiments. The orl desage form may contain up to 60% (by weight)
of at least one digestibie, lang chain hydrocachan.

Prefembly, a combination of two or more hydrophobic mateials are included in the
matrix formulations. Ifan additionai hydrophobic material is included, it is prefecably selected
from natural and synthetic waxes, fatty acids, fatty alcohols, and mixtures of the same. Examples
include beeswax, carnauba wax, stearic acid and stearyl alcohol. This list is not meant to be
exclusive.

One particular suitable wmatrix comprisea at least one water soluble hydroxyalkyl
cellulose, ut least one C;3-Cyq, preferably C,4-Cy, aliphatic alcohol and, optionally, at least ane
polyalkylene glycal. The at least oas hydroxyalkyl cellulose ia preferably a hydroxy (C|.to Co)
alkyl cellulose, such as hydraxypropylcellulose, hydroxypropylmethylcellulose and, especially, ©
hydroxyethylcellulose. The amount of the at least one hydroxyalkyl cellulose in the present oral
dosage form will be determined, inter alia, by the precise rate of apioid ralease required. The at
least one aliphatic nicohol may be, for example, lauryl alcohol, myristyl aléohol or stearyl
alcahol. In particularly prefecred embodiments of the presont oral dosage form, howev::r. the at
least on.a aliphatic aicohol is cetyl alcohal or cetostearyl slcohol. The amount of the at least one
aliphatic alcahol in the prescnt oral dosage form will be dotenmined, as above, by the precise mbe
of opioid relense required. [t will alsa depend on whether at lsast one polyalkylene glycol is
present in or absent from the oral dosage form. In the absence ofat least one polynlkylene glycol,
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the oral dosage form peeferably containa between 20% and 50% (by wr) of the st least ong
aliphatic alcohal. When at [east one polyalkylene glycal is present in the arul dosege form, then

the combined weight ol the atlcast one aliphatic alcohol and the at [eaat one palyalkylene giycol

preferably constitutes between 20% and 50% (by wt) of the total dosagd.

In one embodiment, the ratio of, e.g., the at least one hydroxyalky! cellulose or acrylic
resin to the at least one aliphatic alcohol/ polyslkylene glycol determines, to 2 considerable
extent, the relense rate of the opioid from the formulation. A ratio of the at least one
hydroxyalkyl cellulose to the at least one aliphatic alcohol/polynlkylene glycol of between 1:2
snd 1:4 is preferred, with a ratio of between 1:3 and 1:4 being purticularly preferred.

The at least one polyalkylene glycol may be, for example, polypropylene glycol pr, which
is preferred, polyethylene glycol. The number average molecular weight of the at least one
polyalkylene glycol is preferred between 1,000 and 15,000 especially betwe~n 1,500 and 12,000.

Another suitable controlled release matrix would comprise an alkylcellulose (especially
ethyl cellulose), a Cj; to Cys adiphatic alcohol and, aptionally, a polyalkylene glycol.

In another preferred embodiment, the matrix includes & pharmaceutically acceptable
combination of at least two hydrophobic materials. '

In addition tu the above ingredients, a contralled release matrix may also contain suiteble
quantities of ather materials, ¢.g. diluents, lubncanls bindern, ;nnulalmg aids, colorants,
Aavorants and glidants that are conventional in lhe pharmaceutical art.

PROCESSES FOR PREPARING MATRIX - BASED BEADS

In order to facilitate the prepaiation of a solid, controlled release, ora! dossge form
according to this invention, any method of preparing a matrix formulation known to those skifled
in the art may be used. For example incorporation in the matrix may be zffected, for example, by
(n) forming granules comprising at lcast one water soluble hydrexyalkyl callulose and opioid or
an opioid salt; (b) mixing the hydroxyalicyl cellulose contmining granules with at least one Cy -
Cjs aliphatic |lcnh5i; and (c) dpliomlly. :6mpn=|inu and shaping the granules. Preferbly, the
granules are formed by wet granulating the hydroxyalkyl cellulose/opicid with water. In a
particularly preferred embodiment of this process, the amount of water added during the wet
granulation step is prefecably between 1.5 and § times, especially between 1.75 and 3.5 times, the
dry weight of the opioid. . )
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In yet other alizrnative embodiments, a spheronizing agent, together with the active
ingredient can be spheronized 1o form spheroids. Microcrystalline eetluloas is proferred. A
suitable microcrystalline cellulose is, for example, the material sold as Avicel PH 101 (Trade
Mark, FMC Cormporation). In such embodiments, in addition to th‘rr.' active ingredicat and
pheronizing agent, the spheroids may also contsin & binder. Suitable binders, such as low
viscoyity, water soluble i:ulymm'. will be .well known to those skilled in the pharmaceutical art.
However, water soluble hydroxy lower alkyl cellulose, such as hydmxypmp‘ylcelluloae. pre
preferred. Additionally (or altematively) the spheroids may contain & water insoluble polywmer,
especially an acrylic polymer, an acrytic copolymer, such as a methacrylic scid-ethyl acrylate
copolymer, or ethyl cellulose. Insuch embodiménts, the sustained release coating will generally
include & hydrophobic materis! such us (a) & wax, either alone or in admixture with a fatty
alcohol; or (b) shellac or zein,

MELT EXTRUSION MIATRIX

Sustained release matrices can also be prepared via melt-granulation ar melt-extrusion
techniques, ns long s the techniques used do not domage the integrity of the substanttally non-
relensable form of the opioid angonist added during the prepanation of the matrix to the extent
that lufﬁ.uient amount of the opioid entugonist becomes available to be rcleased into the
gastrointestinal system upon oral administration. Altematively, the melt extrusion step may be
perfurmed with the apioid agoniat to praduse sustained release particles of the agonist, which
may then be combined with the substantially non-releasable form of the opioid antagonist.
Genenally, melt-granulation techniques involve melling_ a normally solid hydrophobic material,

. €. & wax, ond incorparating a powdered deug therein. To obtain a sustained release dosage

form, it may be necessary to incorporate zn additional hydrophobic substance, e.g. ethylcellulose

, or 8 water-insoluble scrylic polymer, into the malten wax hydrophobic material. Examples of

suataingd release formulations prepared via melt-granulstion techriiques ace found in U.S. Patent
No. 4,861,598, assigned 1o the Assignen of the préssnt invention and hereby incorporated by
reference inits entirety. B ) -

The aduilional hydrophobic matérial may comprite ane or roré water-insolubile wax-like
thermoplastic subsiances posaibly mixed with one or more wax-like thermoplastic substances
being less hydraphobic than said one er more water-insoluble wax-iike substaices. In onder o
achieve constant release; the individual waxz-like substances in"the formulation should be

. 4l
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substantially non-degradable and insoluble in gastrointestinal fuids during the initia_l release
phases. Useful water-insoluble wax-like substances may be those with a water-solubility that is
lower than about 1:5,000 (w/w).

In addition to the above ingredients, a sustained rolease matrix :iny also contain suitable
quantities of other materiala, ¢.g., diluents, lubricants, binders, granulating aids, colorunts,
Aavocynts and glidants that are conventional in the pharmaceutical art. The quantities of these
sdditional materinls will be sufficient to provide the desired effect to the desired formulation.

In addition to the above ingredients, & sustained rolease matrix incorporuting melt-
extruded multiparticulates may also contain suitable quantitics of other materials, e.g. diluents,
lubricants, binders, granulating aids, colorants, ﬂn.vonnu and glidants that are conventiona! in
the pharmaceutical art in amounts up to about 50% by weight of the particulate if desired.

Specific examples of pharmaceutically ncceptable carriers and ex. ipients that may be
used to formulate oral dosage forms are described in the Handbook of Phapmaceutica) Excipjenty,
American Pharmaceutical Asgociation (1986), incorparated by reference berein.

MELT EXTRUSION MULTTIPARTICULATES

The preparation of & sitable meit-extruded matrix according to the present invention
may, for example, include the steps of blending the opioid analgesic, together with ot least one
hydrophobic material and preferably the additional hydrophobic ‘material to obtain a
homogeneous mixture. The homogeneous mixture is then healed to a tempermtuce sufficient to at
least soften tha mixture sufficiently to extrude the same. The resulting homogenecous mixture is

_ then extruded to form strands. The extrudate is prafsrably cooled and eut into multiparticulates

by any means known in the art. The strands are cooled and cut into multiparticulates. The
multiparticulates are then blended with the opioid antagonist particles coated with a coating that
renders the anmgonist subatantially non-releasable and divided into unit doses. The extrudate
preferably has a diameter of from about 0.1 ;o about 3 mm and provides sustainod release of the
opioid agonist for n time period of from about 8 to about 24 hours.

An optional process for preparing the melt exirusions of the present invention includes
directly metering into an extruder a hydrophobic mateial, a therapeutically active agent, and an
optional binder; heating the homogenous mixture; extrugding the homogenous mixture to thereby
form strands; cooling the strands containing the homogeneous mixture; eutting the strands into
particles having s size from about 0.1 mm to about 12 mm; and combining the particies with the
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coated opioid antagonist particles and dividing them into unit doses. In this aspect of the
invention, a relutively continuous manufacturing procedure is realized.

Tha diameter of the extruder aperture or exit port can also be adjusted to vary the
thickness of the extruded strands. Furthermore, the axit pact of the sxfiider neod not be round; it
can be oblong, rectangulay, ete. The exiting strands can be reduced to particles using a hot wire
cutter, guillotine, etc.

The melt extruded multipasticulate system can be, for exnmple, in the form of grlnu‘lu.
spheroids or pellets depending upon the extruder exit orifice. For purposes of the present
invention, the tenns “melt-extruded multipacticulate(s)" and "mell-utmde.d multiparticulate
lylmn(s)" and "melt-extruded pmu:le: shall refer to a plurality of units, preferably within &
range of similar size and/or shnpe and containing ona or mare active age=ts and one ot more
excipients, preferably including a hydrophobic material as described herein. In this regard, the
melt-extruded multiparticulates will be of a range of from about 0.1 to about 12 mm in length and
have a diameter of from about 0.1 to about 5§ mm. In addition, it is 10 be understood that the
meit-extruded multiplrric'ulutu can be ony geometrical gshape within this size runge.
Altematively, the extrudate may simply be cut into desired lengths and divided into unit doses of
the thernpeutically active agent without the need of » spheronization step,

In one preferred embodiment, oral dosage forms are prepared to include un cffective
amount of melt-extruded multiparticulates within s capsule. For example, a piurality of the melt-
extruded multiparticulates may be placed in & gelatin capsule in an sniount sufTicient to provide
an effective sustained release dose when ingested and contacted by gastric fluid.

In another preferred embodimént, a suitable amount of the multiparticulate extrudate is
combined with the coated opioid antagonist particlas and compressed into an oral tablet using
conventional tableting equipment using standard techniques. Techniques and compositions for
making tablels {compressed and molded), capsules (hard and soft gelatin) and pills are also
dexcribed in mm_rh;mﬂ&m {Arthur Ogal, editor), 1553-1593 (l9l0)
incorporuted by reference ferein.

In yet anather praferred embodiment, the coated opioid antagonist particles are added

. during the extrusion procéss ond the extrudate can be shaped into tablets as sct forth in U.S.

Paient No. 4,957,681 (Klimesch, et al.), described in additions! détail above and herehy
incorpornied by reference. )

, Optionally, the sustained releass melt-extruded mu\npnmcullle systemas or tablets canbe
coaled, or the gelatin cnplule can be further coated, with 4 sustained reléase coating such as the
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sustuined release coatings described above. Such coatings preferubly include o sufficient amount
ol hydrophobic material to obtain a weight gain level from about 2 to about 30 percent, although
the overcoat may be greater depending upon the physical properties ’of the particular opioid
analgesic compound utilized and the desired relcase rate, among other‘fhings.

The melt-extruded unit dosage forms of the present invention mey further include

combinations of melt-extruded multiparticulates containing one or more of the therapeutically ‘

active agents disclosed above before being encapsulated. Furthermore, the unit dosage forms can
ulso include an amount of an immediate release opioid agonist for prompt therapeutic effect. The
immedinte release opioid agonist may be incarporated, e.g., a5 separate, pellets within o gelatin
capsule, or may be coated on the surfoce of the multiparticulates aftec prepacation of the dosage
forms (e.g., controlled release Qontin] or matrix-based). The unit dosage forms of the present
invention may also contxin a combination of controlied relense beads snd matrin
multiparticulates to achieve a desired effect )

The sustained release focmulations of the prescal invention preferably slowly rolease the
opicid agonist, e.g., when ingosted and exposed to gastric fluids, and then to intestinal fuids.
The sustnined release profile of the melt-extruded formulations of the invention can be altered,
for example, by varying the amount of retardant, i.e., hydrophobic matcrial, by varying the
amount of plasticizer relative to hydrophobic materiat, by the inclusion of additional ingredients
or excipients, by altecing the method of mn.nufncmré. etc.

In other embodiments of the invention, the melt extruded material is pt:puua without the
inclugion of the opioid agonist and/or coated opioid antagoniat particles, which are added
thereafter to the extrudata. Such formulations typically will have the drugs biended together with
the extruded matrix material, and l.hlen the mixture would be tableted in order to provide a slow
I'E\EI;.!B of the opioid sgonist. Such formulations may be advantageous, for example, when the
therapeutically active agent included in the formulation is sensitive to tempemtures needed for
luhen-ing the hydrophabic material and/ ar the cetardant material, |

DETAILED DESCRIITION OF PREFERRED EMBODIMENTS

The fotlowing examples illustratz various aspects of the present invention. They are not
to be construed 1o limit the claims in any manner whatsoever.
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EXAMPLE ]

In Examgle |, a substantially non-releasable form of an opioid antngonist (naltrexone
HCI) is prepured by costing naltrexone particles with & coating that Fenders the sntagonist

substaatially non-releasable.

FORMULA:
Ingredients Amtunit
* (mﬂi .
_LOADING
Naltrexons HCL 5.0
Sugnr Spheras (30/35 50.0
mesh) .
Qpadry White Y-5-7068 2.5
Purified Waler 42.5*
QVERCOATING .
QOpadry White Y-5-7063 3.02
Purified Water 17.11*
NON-RELEASE
COATING (FOR
RENDERING OPIOID
ANTAGONIST .
SUBSTANTIALLY
NON-RELEASABLE)
Eudragit RS30D (dry wt.) 12.10
Tricthyl Citmle 242
Tale 4.84
Purificd Water 4921*
QVERCOATING
Qpadry White Y-5-7068 4,12
Punified Waler 13.35°
Total 4.0

* Remaing in product as residusl moisture only.

PROCESS:

1. Solution Preparation

Dissolve the Naltrexone HCI in Purified Water. Once

dissolved, add the Opadry White and continue mixing until &
homogeneous dispersion iy yielded.

2. Loading

Apply the above dispersion onto the Sugar Spheres using a

fAuid bed coating machine.

3. Overcoating

Prepare an overcoaling solution by dispersing Opadry White in .

Purified Water. Apply this dispersion aver tha sugar spheres
londed with Naltrexana HCI using a Auid bed coating machine.
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4, Retardant Coating Prepare the non-release coating solution by mixing the Eudagit
RSI0D, Triethyl Citrats, Talc, und Purified Water. Apply this
dispersion over the.loaded and overcoated sugar sphares using 2
fluid bed coating machine.
5. Overcoating Prepare a second overcoating solution by’flispersing Opadry
' White in Purified Water. Apply this dispersion aver the non-

reiease coated nalirexone spheres using o fluid bed coating
machine

6. Curing Cure the spheres st 45°C for approximataly 48 hours.

The multipacticulstes of Example 1 can be modified in onder to have sn amount of naltrexoxe
released which provides a desired pharmacalogical effect as disclosed herein.

EXAMPILE2

In Examgle 2, a substantially non-releasable form of an opioid antagonist (naltrexone
HCI) is prepared as nalivexone HCI conteining g-mnulntes. The grunulates are comprised of
naltrexone EHCI dispersed in a matrix that renders the antagonist substantiatly non-releasable.
FORMULA:

Ingredient Amtunit
N _(mg)

Naltrexone HCI 5.0

Dicalcium Phosphate y 51.0

Poly {Di-Lactide-Co- 120

Glycolide) polymer

(PLGA)

MW- 100,000

Ethyl Acetate

Tomnl i 70,0

* Used a1 a vehicle for application of PLGA, polymer,
PROCESS:

[. Solution Preparation Dissolve PLGA in Ethy! Acetnte by mixing.
2. Granulation Placa the Naltrexone HCI, and Dicalcium Phosphate in a fluid
bed conting machine and granulate by spraying the sbove
-. solution.

The multiparticulates of Example 2 can be modified in order to have an amount of naltrexoxe
released which provides a desired pharmacological effect o disclosed hemin,
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EXAMPLE 3

In Example 3, s substantiaily non-releasable form of an opioid :'nhgonist {naltrexone

HCI) is prepured as naftrexone HCl extruded pellets. 4
FORMULA:
Ingredient Amtualt . '
(mg)
Naltrexone HCl 50
Eudragit RSPO 180.0
Stearyl Alcohol 55.0
Total 2400
PROCESS:
1. Milling Pass stearyl alcohol flakea through an impact mill.
2. Blending Mix Naltrexone HCL, Eudragit, and milled Stearyl Alcohol in a twin
ahell blender.
3. Extrusion Continuously feed the blended material into a twin screw extruder and
callect the cesultant strands on a conveyar.
4. Cooling Allow the strands to coal on the conveyor.
5. Pelletizing Cut thecaoled stranda into pellets using a Pelletizer.
6. Screening Screen the peliets and collect desired sieve portion.

The multiparticulates of Exemple 3 can be modified in order to heve an amount of naltrexaxe
Released which provides a desired pharmacologicat effect as disclosed herein
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EXAMPLE 4
Hydracodone Bitartrate Controlled Release Tablets with Naltrexone HC! Beads and
Releasabie Naltrexone
7
Ingredient Amtunit
Hydrocodone Bitartrate 30.0
St=aryl Alcohol 440
Anhydrous Dicalcium §2.0
Phoaphate (Powdered)
Microcrystalline Cellulage 62.0
Glyceryl Behenate 20.0
Naltexons HCI Beads 340
(Example 1)
Magmesium Stearate .0
Opadry Red 10.0
Purified Water 56.7"
Total 314.0

* Remains in product as residual moisture only.

L.
2,

B i

ROCESS:
Milling
Biending
Extrusion
Cooling
Milling
Blending

Compression
Coating

Pass the Stearyl Aicohol flakes through en occillating mill.
Mix the Hydrocodone Bitartrate, milled Stearyl Alcohol,

Anhydrous Dicalcium Phosphate, Microcrystalline Celluloae.

and Glyceryl Behenate in a twin shell blendar.

Continugusly feed the blended material into a twin scrow

extruder and collect the resultant heated ma.crial on a conveyor.

Allow the extrudate to cool on the conveyor.

Mill the cooled éxtrudate using an oceillating mill.

Blend the milled extrudate, nzltrexone HC| beads (from

Exampls 1), and Magnesium Stearate.

Compreas the resultant gmnulation using a tablet press.

Prepare o film coating solution by dispersing the Opadry in

Purified Water and applying it to the tablet cores.

l The relensabls naltrexone can be o) overcoated onto the tablet by e.g., including it in the
Opadry solution, b) modifying the sequestered component to release the desived raltrexone, c)
including the naltrexone with the opioid ugonist; or included in any other methad known in the
art. The amount of naltrexone should be in an an amount to have a desired pharmacological
effect as disclosed herein and can be immediate or sustained release. '
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EXAMPLE §

Hydracodoge Bitartrate Coatrolled Relense Tablets with Naltrezone !-I.CI Gragulation

Ingredignt . Amtunit -{’
fmg)
Hydrocodone Bitartoate 30.0
Stearyl Alcohol 44.0
Anhydrous Dicalcium 620
Phosphate {Powdered)
Microcrystalline Cellulose | . 62,0
_Glyceryl Behenate 200
Nlllreuone HCl . T0.0
Granulation
(Example 2)
_Magnesium Stearate 20
Opadrcy Red 100
Purified Water 56.7*
Total ) 300.0
* Remains in product as residual moisture only.
PROCESS:
1. Milling " Pasa the Stearyl Alcohol flakes through sn occillating mill.
2, Blendmg » * . Mix the Hydrocodone Bitartrate, milled Stearyl Alcohol,
) . Anhydroug Dicaleium Phosphate, Microcryatalline Cellulose,
and Glyceryl Behenate in a twin shell blender.
3 <Extrusion Continuausly feed the blended material intc 3 twin screw
extruder and collect the resultant heated marcrial on s conveyor.
4, Cooling Allow the extrudate ta caol on the convayor.
5. - Milling Mill the cooled extrudate using sn necillating mill.
6.  ‘Blending Blend the milled extrudate, Naltrexone HCI granufation {fum
: Exunple ), and Magnesium Stearste.
s Compression Comprégs the resultant granulation using a tablet press.
8. Conting Prepare o film coating solution by dispersing the Opadry in

Purified Water and applying it to ths mblet cores.

. “The releasable naltrexoas can be &) overcoated onto the tablet by &.5., including it in the
Opndry solution, b) mnd:Eymg tho uquesh:md component o ruluu the desired naltrexone, c)
mcludmg lhe naltrexone with th: opinid agonist, ar included in nny other method knnwn in the
art. The amount of aaltrexone should b in an amount to have a desired pharmacalogical effect
s disclosed herin and can be immediate or sustained reloase,
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EXAMPLE §

Oxycodone HCI Coatrolled Release Tablets with Naltrexone HCl Bends

Ingredient. Amt/unit - y,
(ing) v
Oxycadone HC! 20.00
Spray Dried Lactose 59.25
Povidane 5.00 ,
Eudragit RS 30D (dry wt.) 10.00 .
Triacetin 2.00
Stearyl Alcohol 15.00
. _Tale _2.50
Magresium Stearate 1.25
Naltrexone HCI Beads 14.00
{Example 1)
Opadry Pink 6.00
Pucified Water 34.00"
Total 215.00

* Remains in praduct as residual moisture only.

PROCESS:

1.  Solution Preperation
Granulation

1. Milling

4. Drying.

5. Waxing

6. Cooling -

7. Milling

8 .Blending

9. . Compression

10. Coating

Plasticize the Eudragit with Triacetin by mixing.

Plece Oxycodone HC), Spray Dried Lactose, and Povidons into
a fluid bed granulator and apply the sbove solution,

Pasi the granulation through a rotating impefler mill.

Dry granulation if moisture content is too high.

Meit Stearyl Alenhol and wax the above granulation by adding
melted Steacyl Alcuhol onto granulation while mixing.

Cuol the waxed granulation in a fluid bed dcyer.

Pass the cooled. waxed granulation through a rotating impeller
mill .

Blend the miiled waxed granulation, Tale, Magnesium Slnnme,
and Naltrexona HCI beads (from Eumple 1).

Compress the resullant granulation using n whlet press.
Prepare a Glm coating solution by dispersing the Opadry in
Purified Water and applying it to the mblst cores.

The releasable altrexone can be ) uyercoated anto the tablet by e.g., including it in the
Opadry solution, b) muditying the uque:terl:d cnmpnnunt o release the d.eslled naitrexone, c)
mcludmg the nultrexone with tha opicid agonist; or included in any othn; meﬂmd known in the
art The amount of naltrexone lhnuld be iri an an amount to hnve a desired phnnnaculogu:al
el'fet:l as dls:loled herein and can be umncdmn or-sustained release. ,

b
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EXANPLE 7

Oxcodune HCl Controlled Release Tablets with Naltrexone HCl Graaulatioa

Ingredient Amtunit y
!m E! Fd

"Oxycodone HCl 20.00

Spray Dried Lactose 59.25

Povidone 5.00

Eudragit RS 30D (dry wt.) 10,00

Triacetin . 2.00

Stearyl Alcohol 25.00

Tale 2.50

Magnesium Steorate [.25

Naltrexone HCI 10.00

Gmnulation

{Example 2)

Opadry Pink 6.00
" Purified Water 34.00%

Tatal 201.00

* Reqiains in product a3 residual moisture only.

PROCESS:

2. Granulation

3. Milling

4, Drying

5. Waxing

6. Cooling

1. Milling

8. Blending

9. Comprasaion
10. Coating

Solution Prepacation Plasticize the Eudragit with Triacetin by mixing.

Place Oxycodone HCI, Spray Dried Lactose and Povidone into
‘s fluid bed granulator and apply the above solution.

Pasa the granulation through a rotating impeller mill.

Dry granulation if maisture content is too high.

Melt Stearyl Alcohol and wax the above granulation by adding
melted Stearyl Alcohol onto granulation while mixing,.

Cool the waxed granulation in a Auid bed dryer.

Pass the cooled waxed granulation through a rotating impeiler
mill.

Blend tho milled wexed granulation, Talc, Magnesium Stearate,
and Noltrexone HC! granulation {fom Example 2).

Compress the resultant gmnulation using a tablet presa.
Prepare & film coating solution by dispersing the Opeadry in
Purified Water and applying it to the tblet cores.

The releaseble nalirexone can be 8) overcoated onto the tablet by e.g., including it in tha
Opndry solution, i) modifying the sequestered component to release the desired naltrexone, ¢}
including the naltrexone with the opioid agonist; or included in any other u..ethod known in the

act. The amount of naltrexone should be in an an amount to have a desired phamacological

effect os disclosed hecein and can be immediata or sustained release.

*
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EXAMPLE B

Hydromorphone HCI Coatrolled Release Capsules with Naltrexoup HCI Extruded

Pellets
FORMULA:
Ingredient Ambtlunit
(mg)
*_Hydromorphone HCL 12.0
Budragit RSPO 76.5
Ethylceflulose . 4.5
Stearyl Alcchol 2140
Naltrexone HCI Pellets 240.0
(Exampla 3)
Hard Gelatin Capsules v
Total 360.0
PROCESS:
1.  Milling Pats Stearyl Alcohol Rakes through an impact mill,
2 Blending Mix Hydromorphone HCl, Eudrmagit, Ethycellulose and milled
Stearyl Alcohol in a twin sheil biender. .
3.  Extusion Continuously feed the biended matsrial into s twin screw
extruder and collect the resultant strands on a conveyoer,
4. Cooling Allow the gtrands to cool on the conveyor.
5.  Pelletizing Cut the cooled strands into peliets using a Pelletizer.
6.  Screening Screen the pellets and collect desired sieve poction.
7.  Encapsulation Fill the extruded Hydromorphone HC| pellets at 120 mg and

Naltrexone HCI pellets (fom Example 3) ar 240 mg into hard
gelatin capaules.

The releasable naltrexone can be a) overcoated onto the pellets by e.g., including it in tha
Opadry solution, b) modifying the sequestered component to relense the desired naltrexone, c)
including the naltrexone with the apioid agonist; or included in any other method known in the
art. The amount of naltrexone should be in aa amount tG have a desired pharmacological effect
g disclosed herein and can bz immedinte or sustained release.

L7}
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EXAMPLE 5

Hydrocodane Bitartrate Controlled Release Tablets with Naltrexone HCI Beads

Ingredien: L, AmUunit %
{mg)

Hydrocodone Bitartrate 300

Stearyl Alcohol 44,0

Anhydrous Dicalcium 62.0

Phosphate (Fowdered)

Microcrysialline Cellulase 62.0

Glyceryl Behenate 200

Naltrexone HCI Bends 840

(Example 1)

_Magnesium Steacate 20
Opadry Red 100
Purified Water 56.7*
Total 314

* Remuains in product as residual moisture only.

PROCESS:

I. Milling Pass the Stearyl Alcohol Aakes through an occillating mill.

. Blending Mix the Hydrocodone Bitartrate, milled Stearyl Alcohol,
Anhydrous Dicalcium Phosphate, Microcrystailing Cellulose,
and Glyceryl Behanate in a twin shell blender.

i Extrusion Continuously feed the blended materinl into a twin screw
extruder and collect the resultant heated material on a conveyor,

4, Cooling Allow the axtrudate ta caol on the conveyor.

5.  Milling - Mill the cogled extrudate using an accillating mill.

6: Blending Blend the milled extrudate, Naltrexone HCI beads (from
Example 1), and Magnesium Stearate, '

1 Compreasion Compress the rosultant granulation using a mblet press.

8. Coating Prepare & film costing solution by dispersing the Opadry in

Purified Water and applying it to the tablet cores.

The releasable naltrexone ¢an be a) overcoated onta the tablet by e.g., including itin the

Opadry solution, b) modifying the sequestered component to release the desired naltrexone, €)

including the naltrexone with the opioid aganist; or tncluded in any other method known in the |

art. The amount of naltrexone should be in an amount to have a desired pharmacological effect
as disclosed herein and can be immediate or suatnined relezse.

3

PCT/USIY 24944

bt



s

20

25

30

WO 01/013325 ' PCT/USO2/24944

EXAMPLE 10

Hyd;-u':codnnc Bitartrate Controlled Release Tablets with Naltrexone HCI Granulation

/
Ingredient Amt/unis 7
_(mg)

Hydrocodone Bitartrate 30.0

Stencyl Alcahol 44.0

Anhydrous Dicalcium 62.0

Phosphate (Powdered)

Microcrystalline Celluloae 62.0

Glyceryl Behenate 20.0

Naltrexone HCI 70.0

Granulation

(Example2) :

Magnesium Stearate 2.0

Opadrcy Red 10.0

Purified Water 56.7*

Tota! 300.5
* Remaina in product ay residual moisture only.
PROCESS:
1 Milling Pass the Stearyl Alcohol flakes through an occillating mill.
3 Blending Mix the Hydrocodone Bitartrate, milled Stearyl Alcohol,

. Anhydrous Dicalcium Phosphate, Microcrystalline Celiulose,
. and Glyceryl Behenate in & twin gheil blend-=.
1 Extrusion Continuously feed the biended matarinl into e twin screw
extruder and callect the resultant heated material on o convayor.
4. Cooling Allow the extrudate to cool un the convayor.
5. Milling Mill the cooled extrudate using an occillating mill.
6. Blending Blend the milled extrudats, Naltrexone HCI granulation (from
Example 2), and Magnesium Stearate.

1. Compression Compress the resultant granulation using a tablet press. -
L 5 Coating Prepare a film coating solution by dispersing the Opodry in

Purified Water and applying it 1o the tablet cores.

The relensable naltrexone m be a) overcoated onto the tablet by e.g., including it in the
Opadry solution, b) modifying the sequestered component to release the desired naltrexons, c)
including tha naltrexone with the opicid agonist; or included in any othar methad known in the
art. The amount of naltrexone should be in an an amount to have a desired pharmacological
cfect as disclosed hmil; and can be immediate or sustained release.
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EXAMPLE 11

Oxycodone HC] Controlled Release Tablets with Naltrexone HCl Bends

Ingredient Amvunit N 7
(mg)
Qxycadone HCI 20.00
Spray Dried Lactose 58.75
Povidone 3.00
Eudragit RS 30D (dry wt) 10.00
Triacetin 1.00
Stearyl Alcohel 25.00
Talc 2.50
Magnesium Siearnte 1.25
Nalrexone HCI Beads 84.00
(Example 1)
Qpadry Pink 6.00
Purified Water 34.00*
Total 215.00

* Remains in product as regidual moistuce only.

PROCESS:

L.
2.

>

~Ne

Solution Preparation Plasticize the Eudmgit with Triacetin by mixing,

Granulation
Milling
Drying
Waxing
Cooling
Milling -
Blending

Compression
Coaling

Place Oxycodone HCI, Spray Dricd Lactose, and Povidona into
2 {luid bed granulator and apply the above solution.

Pass the granulation through s rotating impeller mill.

Dry granulation if moisture content is too high.

Meit Stearyt Alcohol and wax the sbove granulation by adding
molted Stearyl Alcohol onto granulation while mixing.

Cool the waxed graaulation ia a fluid bed dryer.

Pass the cooled wexed granulution through & rotating impeller
mill.

Blend the milled waxed granulation, Talc, Magnesium Steanate,
and Naltrexone HCl beads (fom Example 1).

Compress the resultant granulaticn using a tablet press.

Prepare a film coating solution by dispersing the Opadry in
Purified Water and applying it to the tablet cores.

The teleasable naltrexone can be a) overcoated aato the tablet by e.g., including it in the
Opadry solution, b) modifying the sequestered component to release the desired nalirexan, c)
including the naltrexone with the opioid agonist; or included in any other method known in the
art. The emount of naltrexone should be in an amount to have a desired pharmacological effect

disclozed  herein

and can be immedinte or sustained releasa.
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EXAMPLE 12 -

Oxycodone HCI Controlled Release Tablets with Naitrexone HCI Granulation

Ingredliont Amtunit 7
. (g}

Qxycodone HCI 20.00

Spray Dried Lactose 58.7% )

Povidone 5.00 K '
Eudragit RS 30D {dry wt.) 10.00

Triacetin 2.00

Stearyl Alcohol 25.00

Tale 2.50

Magmesium Stearate 1.25
_Naltrexone HCI 70.00

Grnulation

(Example 2)

Opadry Pink 6.00

Purified Water 34.00*

Total 201.00

* Remains in product as residual moisture oaly. -

PROCESS:

1. Solution Preparation Plasticize the Eudmgit with Triacetin by mixing.

2. Granulation Place Oxycodone HCI, Spray Dried Lactose, and Povidone into
& Buid bed geanulator and apply the ehove solution,

3. Milling Pass the granulation through s rotating impelter mill

4, Drying Dry granulation if moiature content is too high.

3. Waxing Melt Stearyl Aleohol and wax the above granulation by adding

’ melted Stearyl Aleohol onto granulation while mixing.

G Cooting Cool the wexed granulation in-a fluid bed dryer.

7. Milling Paas the cooled waxed granulation through s rotating impeller
mill. '

8. Blending Blend the milled waxed granulation, Talc, Megnesium Stearate,
and Naltrexone HCI granulation (fram Example 2).

9. Compression Compress the resultant granulation using a tablet press.

10.  Conting Prepare a film coating solution by dispersing the Qpadry in

effect

Purified Water and applying it to the tablet cores.
The releasable naltrexone can be 1) overcoated anto the tablet by e.g., including itin the

Opadry solution, b) modifying the sequestered component to release the desired naitrexana, ¢)
including the naltrexone with the opioid agonist; or included in any other method known in the
art. The amount of naltrexone should be in an an emount to have a desired pharmacelogical

as dixlosed herein and can be immediate or sustained releasa,

A3
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5 EXAMPLE 13
- Hydromorphoae HCI Cantrolled Ralease Cupsules with Naltrezxone HCI Extruded
Pellets . y,
P
10 FORMULA:
Ingredisnt - Amtunit
. [mg)
Hydromarphoae HCl 12.0
Eudragit RSPO 76.0
Ethyicellulose 4.5
Stearyl Alcobol 27.0
Naltrexone HCl Pellets 240.0
_(Example 3)
Hard Gelatin Capsules N
Total 360.0
PROCESS: .
1S
l. Milling Pass stearyl alcohol flakes through an impact mill.
2. Blending Mix Hydromorphone HCI, Budragjt, Ethycellulose and milled
Stearyl Alcohol in a twin shell blender.
3. Extrusion Continuously feed the blended material into a twin screw
20 extruder and collect the resultant staunds on a conveyor.
4. Cooling Allow the strands to cool on n Conveyor.
5. Pelletizing Cut the caoled stranda into pollets using a Pelletizer.
6. Screening Screen the pellcts and collect desired sieve portion.
7. Encapsulation Fill the extruded Hydromorphone HCI peliets at 120.0 mg and
25 Naitrexone HCI pellets (fromm Examgple 3) at 240 mg into hard
gelatin capsuley,
The releasable naltrexone can be a) overconted onln' the pellets by e.g., including it ir; the
Opadry solution, b} modifying the sequestered componeat to relense the degired naltrexone, ¢}
30 including the naltraxone with the apioid agonist; ar included in any ather methoad knawn in the
art. The amount of naltrexone should be in an amount to have a desired pharmocological effect
as disclosed herein and can be immediate or sustained release.
35
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Sequestered Naltresone HCI beads

PCT/USDZ/ 24944

in Exgmple 14, Naltrexone HCI beads for incorporation inta capfules were prepaced
having the following formulation in Table 14 belaw.

TABLE 14
[ngredients Ambtiunit
(mg)
Step 1. Drug [ayering Naltrexone HCI 1.1
. Non-pareil beads (30735 mesh) 39.98
Opadry Clear 0.4
(Hydroxypropymethy! cellulose)
Sadium ascarbate 0.027
Ascorbic neid 0.05
Step 2. Anionic polymer | Eudragit L30D (dry) 2.164
coat
Triethyl Citrate - 0.433
Cabosil Q.108
Step 3. Sustained release | Eudragit RSIOD (dry) 17475
cont
Triothyl citrate 3.495
Cabosil 0.874
Step 4. Seal coat .| Opadry Clear 1.899
(Hydroxynropyimethyl callulose)
Cabosil 0.271
Total (on dry basis) 69.287
PROCESS:

1. Dissolve naltrexone HCl, aacorbic acid, sodium ascorbate and Opadry Clenr in water,
Spray the drug solution onto non-pareil beads in a fluid bed coater with Wurster insert.

2. Disperse Eudragit L30D, Triethyl citrate, and Cabosil in water. Spray the dispersion onto
the drug-loaded beads in the fluid bed coater.

3. Disperse Eudmgil RSI0D, tricthyl citrate, and Cabosil in water. Spray the dispersion onto
the beads in the fluid bed coater.

4. Dissolve Opadry Clear in water. Spray the solution onto the beads in the fluid bed coater.

5. Cure the beads at 60°C for 24 hours.

58
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. EXAMPLE 15
Sequestered Naltrexone multiparticulates
A nalrexone melt extruded multiparticulate formulation was prepared. The melt
»
extruded multiparticulate formulation is listed in Table LS below.
TABLE 15
| Ingredients Amt/Unit (mg) |
Naltrexone HCI 20
Eudregit RSPO 88.0
Stearyl alcohol 150
Stearic scid 15.0
' BHT 1.0
Total . - © 1210
PROCESS:
1. Blend milled Stearic acid, stearyl alcohol, Naltrexone HCl, BHT, and Eudragit RSPO
using a V-blender, )

2. Extrude the mixture using a Powder Feeder, Melt Extruder(equipped with the 6 x |
mm dic head), Conveyor, Lasermike, and Pelletizer,

Powder feed catz-4.2 kg/hr; vacuum—980 mBar
Conveyar-such that diameter of extrudnte is 1mm
Pelictizer-such that pellets are cut to lmm in length

3. Screen pellets using #16 mesh and #20 mesh screens. Collect matorial that passes
through the #16 mesh scréen and is retained on the #20 mesh screen.

4. Fill size #2 clear gelatizt capsules with the pellets. Range: NLT 114 mg and NMT 126
mg.

EXAMPLE 16

Sequestered Naltrezone CR Beads

A naltrexona sustained relcase bead formulation was prepared which can be

incorporated into an opioid controlled relense granulation and compressed into tablats. The
naltrexone coatrolled release bead formulation i listed in Table 16 below.

39
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TABLE 16
Ingredients A.mt!un:t"
(i)
Step |. Drug layering | Naltrexone HCI 0.609
Non-parzil beads (30/35 mesh) 67264
Opadry Clear 0.547
Step 2. Seal coat Eudragit L __2.545
Triethyl citrate 0.636
" | Glyceryl monosteacate 0.239
Step 3. Sustzined release | Eudragit RSI0D (dry) 43.789
coat -
Triethyl citrate 3.758
Cabosil 2.189
" Step 4. Seal coat Opadry Cleas 2.053
{ydroxypropyimethyl cellulose)}
Cabosil 1.3€
Total 130
PROCESS:

i. Dissolve naltrexone HC! and Opadry (HPMC) in water. Spmy the drug solution onto
non-parcil bends in a fluid bed coater with Wurster insert,
2. Disperse Eudmgit L, Triethyl citrate, and glyceryl monostearate in water. Spray the
dispersion onto the drug-loaded beads in the fluid bed coater.
3. D::peru Eudragit RS, tricthyl citrate, and Cabosil in water. Spray the dispersion onta the
beads in the fluid bed coater.
4. Diszolve Opadry in water. Spray the solution onta the beads in the fluid bed coater.
5. Cure the beads at 60"C for 24 hours.

EXAMPLE 17

Controlled Release Oxycodone 20 mg
In Example 17, a sustnined release 20 mg oxycodone formulation was prepared

having the fonnulation listed in Table 17 below.

TABLE 17
_hlredienu Amt/Unit {mg)
Oxycodane HCI 20.0
| Spray Dried Lactose 59.25
Povidone 5.0
Eudragit RSI0D (solids) 10.0
Triacetin 10 |

60
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Stearyl Alcohol 5.0
Talc 1.5
Magnesium Stenrate 125
Opadry Pink Y-S-145[8A 4.0
Total 129.0 4

PR SS:

L

PCT/OSU124944

I. Granulation: Spray the Eudeagit/Triacetin dispersion onto the Oxycodone HCI, Spray
Dried Lactose and Povidone using & fluid bed granulator.

2. Milling: Discharge the granulation and pass through  mill.

3. Waxing: Melt the stearyl alcohol and add to the milled granutation using a mixer, Allow

to cool.

Milling: Poas the cooled granulation through a mill.
Lubrication: Lubricate the granulation with talc and magaesium steacate uaing & mixer.
Compression: Compress the granulation into tablets using a tablet presa.

Film coating: Apply an aqueous film coat to the tableta.

EXAMPLE 18

In Example 18, naltrexone beads prepared in sccordance with Example 16 are
incorporated into the sustained releaze 20 mg oxycodone teblets prepared in accordance with
Example 17 and having the formula listed in Table 18 below.

TADLE 18
Ingredientz Amt/unit*
(mg)
Step 1. Granulation Qxycodone HC! 20.0
Spry Dried Lactose 59.25
Povidone 5.0
Eudragit RS30D (dry) 10.0
Triacetin 2.0
_Stearyl alcohol 25.0
Talc 2.5
Magnesium _1.25
Step 2. Combination OxyContin granulation (Example 125
toblet ° 3)
Naltrexane CR beads (Formula 2) 140

1. Spray the Eudragit/triscetin dispersion onto the Oxycodane HCL, spray dried lnctse and
povidone using a Auid bed granulator.
2. Discharge the granuintion and pass through a mill,
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3. Melt the stearyl alcohol and add to the milled granulation using a mill. Allow to cool.
4. Pass the cooled grunulation through a mill.
5. Lubricate the granulution with talc and magnesium stearate. Using a mixer.
6. Mix naltrexone beads with the above grunulation and compress into tablets.
/
ALTERNATE PROCESS: ’

I. Spray the Eudragit/triacetin dispersion pnto the Oxycodone HC, spray dried lactose and
pavidone using a fluid bed granulator, -

2. Discharge the granulation and pass through s mill

3. Mix naltexone besds (example 2) with the above granulstion in 1 Hobar mixer.

4, Melt the stearyl alcohol and add to the above mixiure. Allow to cool.

5. Pass the cooled grnulation through a mill.

6. Lubricate the granulation with talc and magnesium stearute using a mixer.
7. Compress into tablets.

Relensable naftrexone can be 8) overcoated onto the tablets by e.g., including it in the
Opadry solution, b) modifying the sequestered component to release the degired maltrexone, ¢)
including the naltrexane with the opioid agonist; or included in any other method known in the
art. The amount of naltrexone should be in an lmn;ml 10 have » desired pharmacologieal effect .
as disclosed herein and can be mmedute or sustained release.

EXAMPLE 19
Controlled Release Hydrocodone

A sustained release hydrocodone formulation wes prepared having the formula in
Table 19 below.

TABLE 19
Ingredients Amt/Unit {mg) | Am%Batch (g)
Hydrocodone Bitartoate 15.0 320.0
Eudrgit RSPO 76.0 1520.0
Eudmgit RLPO 48 30.0
Stenryl Alcohol 25.0 500.0
Total 120.0 2400.0

PROCESS:

1. Blend milled Stearyl Alcohol, Eudragit RLPO, Hydrocodone Bitartrate, and Eudragit
RSPQ using a Hobart Mixer.

2. Extrude the gmnulation using a Powder Feeder, Melt Extruder(equipped with the 6 x 1
mm die head), Conveyor, Lasermike, and Pelletizer,
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Powder feed rate-40g/min; vacuum—~980 mBar
Conveyor-such that diameter of extrudate is 1mm
Pelletizer-such that pellets ace cut to lmm in length

PCT/US02/249:44

3.. Screen pelicis using #16 mesh and #20 mesh screens. Collect matdkial that prsses
through the #16 mesh screen and is retained on the #20 mesh screen.
4. Fill size #2 clear gelatin capaules with the pellets. Range: NLT (not les than) 114 mg

and NMT (not mare than) 126 mg.

The sequestered naltrexone formulation of Exi;tlpla 13 can be incorporated in a

capaule with the hydrocodone pellets, Preferably, the sequestered naltrexone pelicts are

indistinguishable from the hydrocadone pellets.

Releasable naltrexone can be 8) avercoated onto the pellets by e.g., including it in an

Opadry solution, b) modifying the sequestered component to release the desired naltrexone, )

ineluding the naltrexone with the opioid agonist; or included in ony other method known in the '

art. The amouat of naltrexone should be in an amount to have 2 desired pharmacological effect

as disclosed herein and can be immediate or sustained release.

- EXAMPLE 20
Controlted Relense Oxycodone HCI beads

A sustgined release axycodone HCI bead formulation was prepered having the

formula in Table 20 below.
TABLE 20
Ingredients Amtfunit*
(mg)

Step |. Drug layering Oxycodone HCI 10.5

Non-paceil beads {30/35 mesh) 45.349

Opadry Clear 2.5
Step 2. Sustained release | Eudragit RS3I0D (dry) 1.206
coat

Eudrugit RLIOD (dry) 0.379

Triethyl citrate 1.517

Cabosil 0.37v
Step 3. Seal coat Opadry Clear 1.899

{Hydroxypropyimethyl celluloge)

Cabosil 0.271
Total 70.0
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PROCESS:

1. Dissalve axycodone HCl and Opadry (HPMC) in water. Spray the drug solution onto
non-pareil beads in a Auid bed conter with Wurster insert.

2. Disperse Eudmgit RS, Eudrugit RL, triethyl citrate, and Cabosil’in water. Spray the
dispecsion onto the beads in the fluid bed coater.

3. Dissoive Opadry in water, Spray the solution anto the beads in the fluid bed coater.

4. Cure the beads at 60°C for 24 hours.

The sequestered naltrexone formulstion of Example (4 can be incorporated in &
capsule with the oxycodone beads. Preferably, the sequestered naltrexone beads are
indistinguishable from the oxycodane beads.

Raleasable naltrexone can be a) overcoated onto the beads by e.g., including it in an
Opadry solution, b) modilying the sequestered component to release the desired naltrexone, €
il:lcluding the naltrexone with the apioid agonist; or included in any other method known in the
art. The amount of naluexone should be in an amount to have & desired pharmacological effect

as disclosed herein nnd can be immediate or sustained release.

EXAMPLE 21
Coatrolled Release Hydramarphone

A sustained release hydromorphone HCI formulation was prepared having the formula
in Table 21 below:

TABLE 21
| Ingredients Amt/Unit (m
Hydromorphone HCI 12.0
Eudragit RSPO 76.5
Ethocel 4.5
Stearic acid 21.0
Tomal 120.0
PROCESS:
1. Blend milled Stearic acid, ethacel, Hydrocodone Bitartrate, and Eudragit RSPO using -
a V-blender.

2, Extrude the mixture using a Powder Feeder, Melt Extruder{equipped with the 6 x 1
mm die head), Conveyor, Lasermike, and Pelletizer,

Powder feed mate-d.2 kg/hr; vacuum-—980 mBar
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Conveyor-such that diameter of extrudats is lmm
Pelletizer-such that pellets are cut tp Imm in length

1. Screen pelleta using #1 § mesh and #20 mesh screens. Collect material that passes
through the #16 mesh screen and is retained on the #20 mesh séreen.
4. Fill size #2 clear gelatin capsules with the pellets. Range: NLT | 14 mg and NMT 126
mg. .
The sequestered oaltrexone formulation of Example 1§ can be incurporated ina
capsule with the hydromorphone pellcts. Preferably, the sequestered naltrexone pellets are
indistinguishable from the hydrocadone pellets,

Releassble naltrexone can be 1) gvercoated onto the pellets by e.g., including it in an
Opadry solution, b) madifying the sequestered component to release the desired naltrexone, c)
including the aaltrexone with the opioid agoaist; or included tn any ather method known in the
art. The amount of naltrexone should be in un amount to have a desired pb: macological effect
aa disclosed herein and can be immediate or sustained release.
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WHAT IS CLAIMED IS:

1. An orl dosage form, comprising y
(1) a therapeuticaily effective amount of an opioid lgom'l’t;
(ii) an opioid antagonist in relensable form; and
{iii) a sequestered opioid antagonist which is not released when the dosage
form s administered intsct '

2. An onl dosage form, compriging
(i) a first companent comprizing & thernpautically «ffective amount of an .
opioid agonist;
(i) a zecond component comprising an opioid autagonist in releasable form;
and .
(iii) a third component comprising a sequestered opioid antagonist which is
not released whon the dosage form is administered intact.

3. An oml dosage form, comprising
(i) a first component comprising a therapeutically effective amount of sn
opioid agonist;
(ii) u second companent comprising an opioid antagonist in releasable form,
and a sequesiered opioid antagonist which is not released when the dosage form is
administered intact.

4, An omnl dosage form, comprising
. (i) a Brat companent comprising a therapeutically effective amount of an
opioid agonist and an opiaid antagonist in releasable form; and
(i) n second component comprising a sequestered opinid antagonist which is
not released when the dosage form is administered intact.

5. An orl dosage form, comgrising
(1) u first component comprising a therapeutically effective amount of an
opioid agonist and an opioid antagonigt in relensable form; and
(ii) a second component r.on;priling a sequeatzred opioid antagonist which is
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nat subatantially released when the dosage form is administered intact.

6. An orl dosage form, comprising ,
(i) a first component comprising a therapeuticatly effective amount of an
opioid agonist; ]
(ii) & second camponent comprising zn opioid antugonist in releasable form;
and .
(i) a third component comprising a sequéatered opioid antagonist which is
not substantially released when the dosage form is sdministered intact.

7. The dosage form of claim [ wherein the quantity of antngonist released from said
dosage [brm is in o ratio to said agonist which is aversive in physically dependent
human subjects whea the dosage form iz administeced at the same amount or at a
higher amount than said therapeutically effective amount

8. Ths dosage form of claim 5 wherein the quantity of said antagenist released from said
first component is in an amount sufficient to be aversive in physically dependent
human subjects when the doaage form iz administeced at the same amount or at a
higher amount than said therspeutically effectiva amaunt.

9. The dosage form of claim 5 wherein the quantity of snid antsgonist released from said
first companent is less than the amount sufficient to be aversive in physically
dependent human subjects when the dosage form is adminiatered at the same amount
or at s higher amaunt than said therapeutically effective amount.

10. The dosage for;-n of clsim 6 wherein the amount of said antagonist released fom said
second component is in an amount sufficient to be aversive in physically dependent
humasa subjects when the dosage form is auministered at the same amount or at l
higher amount than said theupemic.nlly effective amount, -

11. The doaage forn of claim § wherein the amount of said antagonist released from said
second component ig less than the amount sufficient to be aversive in physically
deperident human subjects when the dosage form is adminiatered at the same amount

67
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or at a higher amount than mid therapeutically effective amount.

I2. The dosage farm of claim I further comprising & sustained ralu:e excipient which
" provides s sustained release of seid opioid agonist, 4

13. The dosage form of claim 1 farther comprising & sustained release excipient which
provides a sustained release of said opioid lnhg'.onisl. '

14. The dosage form of cloim | further comprising a sustained releass oxcipient which
provides a sustained release of said opioid agonist and said opioid antagonist.

, 15. The dosage form of claim | wherein said sequestered antagoniat is in the form of

multiparticulates individually coated with a material that preventa celénse of the
sequestered antagonist,

16. The dosage form of claim 1 wherein said sequestered antagonist is w the form of
mull.ipmi:ulnm individually coated with a material that substantially prevents releaza
of said sequestered antagonist.

17. The dosage form of claim 1 wherein said lequuter.ed antagonist is dispersed in a

matrix comprising a sequestering material that prevents the release of said sequestered

antagonist.
1

18. The dosage form of claim 1 wherein said sequestered antagonist is dispersed ina

malrix compriging a sequestering matcrial that substantially prevents the release of
snid sequestered antagonist.

19. The dosage form of claim | wherein said releasable opioid antagonist is the same os
the sequestered antngonist.

20. The dosage form of claim | wherein said releasable opioid antagonist is differant than
the sequestered antagonist
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21. The dosage form of claim 19 whersin said nnt;gnniit is sclected frum the group
consisting of naltrexone, naloxone, nalmephene, cyclazocine, levailorphan,
pharmaceutically acceptable salts thereof and mixtures thereof. y

A

22. The dosage form of claim 20 wherein said releasabla antagonist is selected from the
group consisting of naltrexane, naloxane, nalmephene, cyclazocine, levallocphan,
pharmaceutically scceptable salts thereol and mixtures thereof and said sequestered
antagonist is selected from the group consisting of naltrexone, naluxone, nalmephene,

cyclozocine, levallorphan, pharmaceutically scceptable salts thereof and mixtures
thereof.

23. The dosage form of claim | wherein said opioid is selected from the group consisting
of morphine, hydromurphans, hydrocadone, oxycodone, cadeine, levarphanol,
tramadol, meperidine, methadone, pharmaceutically acceptable salts thereof and
mixtures thereol,

* 24, The dosage form of claim | baving a ratio of having a ratio of releasable opiaid

antagonist to opioid agonist that is annlgesically effective when the combination is
sdministered orelly, but which is aversive in physically dependent human subjects
when administered at the same amount or at a higher amount than said therapeutically
cfTective amounL.

25. The dosage form of cloim 24 wherein said ratio of rcleasable opioid antagonist to
opioid ogonist maintains an analgesic effuct but does not increase analgesic efficacy of
the opioid algnni:t relative to the same therapeutic amount of opioid analgesic when
administered to human patients tvithout said opiotd antagoaist '

26. The oral dosage form of claim | wherein the opioid agonist is hydrucodone snd the
releasable antagonist is nalwexone,

27. The oml dosage form of claim 26, wherein the ratio of releasable naltrexone o
hydrocodone is from about 0.03:! to about 0.27:1.

qo
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28, The oral dosage form of claim 27, whaeein the catio of celeasable naltrexane to
hydrocodone is frorm about 0.05:1 to about 0.20:1.

/
29. The oral dosage form of claim 7, wherein said releasable opioid’antagonist is

naltrexone and agid opioid agonist is oxycodone, wherein the ratio of releasable
naltrexone to oxycodone is from about 0.037: to about 0.296:1.

30. The orul dosn.ge form of claim 7, wherein said releagable opioid antagonist is
naltrexone and said celeasable apioid agonist is codeine, wherein the mtio of
releasable naltrexone to codeine is from about 0.005:1 to about 0.044:1.

31, The oral dosage form of claim 7, wherein said releasable opioid antagonist is
*naltrexone and said opioid agonist is hydromorphone, wherein the mtio of releasable
naltrexone to hydromarphong is from about 0.148:1 to about 1.185:1.

32. The oral dosage form of claim 7, wherein said releassble opioid antagonist is
naltrexone and said opioid agonist is levorphanol, wherein the ratio of releasable
naltrexone to [evorphanal is from about 0.278:1 to ebout 2,.222:1.

32, The oral dosage form of claim 7, wherein said releasable opioid artagonist is
naltrexone and aaid opioid agonist ia meperidine, wherein the mtio of releasable
naltrexone to meperidine is from about 0.0037:1 w about 0.0296:1.

33. The oral dosage form of claim 7, wherein said releasable apioid antagonis is
neltrexone and said opioid agonist is methadone, wherein the ratio of releasable
noitrexone to methadone is from sbout 0.056:1 to about 0.444:1,

34. The oral dosage form of claim 7, wherein said releasable apioid antagonist is
naltrexone and said ogioid agonist is morphine, wherein the mtio of releasable
naltrexone to morphine is from about 0.058:1 to about 0.148:1.

3§ The oral dosage form of claim 7, wherein said releasable opioid antagonist is
naltrexone and said opioid agonist is oxycodone, wherein the mtio of relensable
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naltrexone to oxycodone is from about 0.056:1 to about 0.222:1. )

36. The oral dosage form of claim 7, whetein said releagable opioidjm\ago:ﬁsl is
naltrexone and suid opioid agonist is codeine, wherein the ratio’of releasable
naltrexane to codeine is from about 0.0083:1 to about 0.033:1,

37. The orul dosage form of claim 7, wherein said releasable opicid antagonist is
naitrexone and said opioid agonist is hydromorphone, wherein the mtio of relensable
naltrexone to hydromorphone is from about 0.222:1 to about 0.389:1.

38. The ozl dosage form of claim 7, wherein said releasable opioid antagonist is
naltrexone and said opioid agonist is levorphanol, wherein the ratio of rcleasable
naltrexone to levorphanol is from about 0.417;1 to about 1.667:1, '

39. The oral dosage form of claim 7, wherein said releasable opioid antagonist is
naltrexone and said opioid agonist is meperidine, wherein the mtio of releazable
naltrexone to mependine is fram about 0.0056:1 to about 0.022:1.

40, The oral dosage form of claim 7, wherein said releasable opioid antagonist is
naltrexone and said opioid agonist is methadone, wherein the ratio of releasabls
naltrexone to methadone is from about 0.083:1 to about 0.333:1.

41, The oral dogage form of claim 7, wherein said releasable opioid antagenist is
naltrexone and said opioid agonist is morphine, whorein the ratio of releasable
naltrexone to morphine is from about 0.028:1 to about 0.111:1.

42. The oral dosage form of claim | wherin the releasable antagonist is in an amount to
attenuate a side effect of said opioid agonist selected from the group conaisting of
anti-analgesia, hyperalgesia, hyperexcitahility, physicol dependence, tolerance, and &
combination of any of the &:rego.ing.

43. The controlled release dosage form of claim 1, wherein the amount of antagonist
released during the doaing interval enhances the analgesic potency of tha opioid

11
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agonist.

44, The contolled-releass dasage form of claim 42, whevei the mtyun: of the releasable

opioid receptor antagonist is about §00 to about 1000 fold less t‘ln the amount of the
opioid agoniat. '

45, The dosage form of cloim 7 wherein the ratio of the amount of antagonist released
from said dosage form after tampering to the amount of said atagonist released from
said intact dosage form is about 4:1 (w:w) or greater, based on the in-vitro dissolution
at | hour of said dosage form in 900 ml of Simulated Gustric Fluid using a USP Type
1I (paddie) apparatus at 75 rpm at 37 degrees C.

46. The dosage form of claim 7 wherein the ratio of the amount of antagonist contained in
said intact dosage form ta the amount of said antagonist released from seid {ntact
dosage form after | hour is about 4:1 or greater, based on the in-vitro dissolution at 1
hour of said dosage form in 900 ml of Simulated Gastric Fluid using a USP Type U
{paddle) apparatus at 75 rpm at 37 degrees C,

47. The oral dosage form of claim 45 whecein said mtio is 18:1 or greater.

43, The oral dosage form of claim 45 wherein said mtio is 50:1 or greater,

49, The oral dosage form of claim 45 wherein said ratio is 100:1 or groater.

50. The oral dosage form of claim [ wherein said releasable antngonist is naloxone or e
pharmaceutically acceplable salt thereof and s3id non-releasable antagonist is
naltrexone or a pharmaceutically acceptable salt thereof.

51. A method of tresting pain comprising sdministering a dosage form of claim 1.

52. A method of deterring abuse comprising preparing a ddsage form of claim 1,



4

5

10

15

20

25

0

k3

WO 03/0133258

PCTIUSO224944

53. A method of preparing a dozage form of claim 1 comprisiog combining an opioid
agonist with an-antagonist in relcasable and non-celeasable form in & dosage form.
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responsibility to prepare and furnish such wranslation directly to each elected Office concerned.

requirements of the elected Offices, see Volume [l of the

Name and mailing addresy of the IPEA/US
Commmissloner of Fuicss aad Trulemarks

Bax PCT
Washingun, D.C. 2073L

Facaimile No. (703)305-3230

hone Na. 703-108-1233

Form PCT/IPEA/416 (July 1992)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT
y;
(PCT Article 36 and Rule 70) “

Applicat’s oc agent’s file reforence FOR FURTHER ACTION  ° Nudificution of Transminal of buzmational .
200.1144PCT ' Preliminary Examinagion Report (Form PCT/IPEA/416)
Tnterational application No. Inernational filing date (day/monthyear) Priority dale (day/monihiyear)
PCTIUSOU 24944 06 August 2002 (06.08.2002) 06 August 2001 (06.08.2001)

(aternational Paten: Classiticarion (IPC) or nadonal chssificarion and IPC

[PC(7): ASLK 31/44, 31/44 and US CL.: 5147282, 330
Applicant

EURQ-CELTIQUE S.A.

1. This international preliminary examination report has beea prepared by this laremational Preliminary
Examining Authority an is transmined to the applicant acconding to Acticle 36.

2. This REPORT coasists of a total of £ _sheets, including this cover sheet.
E] This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or deawings

which have been ameaded and are the basis for this report and/or gheets conminiog rectifications made
before this Authoriry (see Rule 70.16 and Section 607 of the Administrarive [astructions uader the PCT).

These annexes consist of a wtal of _—shaets.

3. This report conmins indications relating to the following irems:

l Basis of the report
u [] priority
I D Noo-establishment of report with regard w novelty, inventive swep and industrial applicability
v [] tackofunity of avention

\ E Reasoned staterment under Article 35(2) wich regurd W novelty, inventive step or industrial
applicability; cinuions and explanarions supporting such staement

VI D Certain documents cieed
vl D Ceruain defects in the inemational application
vul D Certia observations on the intemational application

Date of submnission of the demand Date of com;l:ﬁon of this repont —
21 Febmary 2003 (21.02.2001) 20 A.p;l\!(m (20.04.2003)

Nane and mailing address of the IPEA/US tzetl oftip
Corumisaloner of Paerss aml Tradeanarks m
Bax PCT -
Wahingon, D.C. 2L

Facsimils Na. (707)304-3230 Telephone Nu.  703-308-1235

.
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International application No.

INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCTIUSOZ 24084

f. Basis of the report

1. With regard to the elememts of the iniemational application:*
the international applicadon as originally fled.

the description:
pages 1-65 as originally Hled
pagesNONE . filed with the demand
pages NONE , filed with the leter of

the claims:
pages 66-73 , a3 originally filed
pages NONE , as amended (together with any statement) under Article 19
pages NONE , filed with the demand
pages NONE , filed with the leter of
[] e drawings:

pages NONE , 43 originally fled
pages NONE , fled with the demand
pages NONE , filed with the leuer of

|:| the sequence listing part of the description:
pages NONE . M8 originally filed
pages NONE , Gled with the demand
pages NONE , filed with the lener of

2. With n:glrd to the language, all the elementy marked above were available or furnished to tlu.s Authority in the
language in which the internationat applicativa was filed, unless otherwise indicated under this ilem.
These elements were available or fumished to this Authority in the following language which is:

[} e tanguage of a transiation fumished for the purposes of iniematiopal search (under Rule23.1(b).
[] the unguage of publication of the intermational application (uoder Rule 48.3(k)).

the language of the translation furnished for the purposes of int=mational preliminary examination{under Rules
35.2 and/or 35.3).

3. With regard to aby nucleotide and/or amine acld serpience disclosed in the inemartional applicadon, the
international preliminary examination was carrizt out on the basis of the sequence listing:

D coained in the int=matipnat application in pdnwd form.

(7 fited togetter with the inwrmacional application in computer readable o,
fumished subseyuendy to this Authority in written form.

D furnished subseyuently to this Authority in compurer readable form.

The statement that the subsequenatly fumished written sequence listing does not g0 beyond the disclosure in e
inezrmational application as filed has been Bunishad.

D The statenient that the information recorded in cnm.puu:r readable form is identical 1o the writen sequence lisd
haus been furnished.

4, D The amendments have resutted in the cancetlation of:

AN

D the description, pages NONE
[] the ctaims, Nos. NowE
D the drawings, sheets/fhs NONE
5. D This repurt has beent estahlished o if (some ot) the amendmenrs bhad oot beca made, since they have bexn considered tw go
beyond the disclosure aa tiled, as indicated in tus Supplemental Box (Rule 70.2(c)). **

* Replacemant sheets which have been furnislied (v the recaiving Office in response 1o an invitation under Articie 14 are referred o in
thix report as nngumﬂvﬁ!ed‘ and are nol annexed (o this rcport.ﬂn:uhn dnnal coniein amendments (Rules 70.16 and M.17).

L ] soviveinany mrnesh mmsaamedln b e b
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[ntematonal applicaion No,
INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCT/USO2/ 24944

Y. Reasoned statement under Rule §6.2(a)(ii) with regard to naveity, inventive step or industrial applicability;
citations and explanations supporting such stacement .

[. STATEMENT
4
Novelty (N) Claims 1-53 YES
Clhiims NONE NO
Inventive Step (IS) Claims 1-33 YES
Claims NONE NO
Industrial Applicability (LA) Claims (.53 YES
Claims NONE NO

2. CITATIONS AND EXPLANATIONS

Claims 1-53 et the critaria under PCT Asdele 33(2) for aovelty bectuse the prior art fils to teazh the presently claimed
oral dosage forms comprisiog o therapeuticaily effective amount of 3a opivid ugonist, an oploid Jntagonist ia releasahle form nad &
sequestered opivid antagonist which is not released when the dosage form is ndministered intact; method of wreating poin in which
such dosage form is untilized; method of deterring sbuse in which such dosage form is prepared or method of prepusing such dosage
form.

Claima 1-53 snaet the criteria uader PCT Auticle 33(3) for inventive atep because the prior an fails to teach or suggest the
preseatly claimed oral dosage forms comprising 3 therapeutically effective amouat of an opinid agooist, an opinid antagoaist in
retensable form and a sequestered opioid antagosist which is ant released when the dosnge form is administered ininct; method of
treafing pain ta which such dosage form is uniilized; method of deterring abuse in which such dosage form ia prepared or method of
preparing such dosagp farm.

Clnims 1-53 meet the criterin under BCT Asticle 33(4) because the presently claimed ural dosage forms comprising a
therapewtically ufleutive amount of aa opivid ngonist, an opioid antnganist in celeasblz furm snd a sequestered ogioid anmgonis
which is aot released when the dossge form is administared inmet; method of treafing pain in which auch dosoge form is uatifized;
nuhndnfd:wmngahuumwhr.hmhdnngefnmupmpmedmdmahndorpnpumgmhtﬂmgﬁm wouldlnnapplmblh:v
i the medical industcy.




PATENT COOPERATION TREATY

From chs INTERNATIONAL SEARCHING AUTHORITY

Ta: CLIFFORD M. DAVIDSON
DAVIDSON, DAVIDSON & KAPPEL, LLC PCT
15 SEVENTH AVENUE, 14TH FLOOR
NEW YORK, NEW YORK o012

NOTTETEATION OF TRANSMITTAL OF
THE [NTERNATIONAL SEARCH REPORT
OR THE DECLARATION

(PCT Rule 44.1)

Data of Mailing

woveandia) @8 DEC 2002

Applicant’s or agant's

200.1144PCT ' FOR FURTHER ACTION  Sce puragruphs 1 uad 4 below
Iatornasional application Ne. {aterautional Allng daze -
(day/menth/year) . .
BCT/USofl/94044 . 08 AUGUST sga %
Applicame . Eﬁ- . . e T —

L) . . - -
r.uno.ci.' UEEA  * _ -.' e
N |':’ % .'...'--:i'-'

Er)
y—

1.2  The epplicsnt is heceby aotified that the intemarianal senrch repors has beaa established sd is tansmitted herewith,
Filing of amendments and statement 1mder Artice 19:
Tha spplicont is entitled, if be 5o wishes, to amood the cluims of the incemationnl application (sea Rule 46):
¥When? The time limit for filing such amendments is normally two mooths frvm the dite of transmiteal of the
Where? Directly @ the [nternutional Buresu of WIPO, 34 chemin de Colombettes
1211 Qenava 20, Switzerlond, Facsimile No.: (41-22) 740.14.35
Far mure detuiled inatructions, see tha notes on the accompunying sheet. -
!.D The upplicadt is hersby sotified that po internutionsl ssarch report will be estblished apd tar the dmclomtion uader
Article 17(2)(a) to that effect is trunsmitved herowith,
J.D. With regard to the prolest agniost paymsnt of (an) additionul fee(3) undar Rule 40.2, the spplicant is notified thae:

D Ih:ﬂ:l:llnplharwhhhd-:hinnlh:mhubmmmindmhlmmﬁmdhmmgﬁhrwimm
applican:’s request to forward the texa of both the protest and the decision thereon to tus designated Offise.

D no decision bos been mnde yet on the prowsst; the applicam will ba notfied an sooo aa & decision is made.

+ Bemiuders

Shortly altsr 13 monthe [rom the prioricy ducs, the intarnational application will be published by the lnterational Buresl,
lmﬁamﬁlhumlwﬁum:puhﬂm.nmﬁudwilhdmwnlofdniu:mﬁmﬂupplk:ﬁmanfﬂnpindly i
mus reuch the Inleraatioonl us provided in ules 90 Wz, | and 904, 3. napectively, before the complation of tes tachoi
prepurntions for internationn] meblication.
Wilhinl.ﬂmnuth!lmhﬁﬁwh.hﬂhmdmﬁmoth.amwwm
examinotion must be flled if the spplicant wishes 1o postpoce te entry into the ootionol phuse untll 30 monthe from te pricctcy
dute (in some Offices even lazer); otherwise the applicont onut, within 20 months from the prioricy date, pecform the presectibed
acts for entry iuo the ootional phuste befory those desigrnted Officn.

In respect of ather designamd Offices, tha tima limit of 30 monehs (ur Laver) will apply even if oo derand is fibsd within 19 moaths.

Sce the Amex o Form PCT/IB/101 and, for desils ubour the npplicable tims limits, Office by Office, see the PCT Applicants’s
. Guids, Voluma [l, Naionl Ciopters and the WIPO [mternet sice.

15
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

/
/
Applicant's or ageat's fils raference FOR FURTHER e Notfiation of Transmirtal of Intarnational Search
200.1 LHPCT ACTION {(Form PCT/15A/990) as well ag, whare applicable, item 5 helow.
Ilaternarionsl application Na. fateraarional filing dare {dzy/monsh/year] | (Earliest) Priovicy Dazs jday/'month/yazr)
PCT/US0n/ 4B o8 AUGUST 1002 08 AUCUST w001
Applieant
EURO-CELTIQUE S.A.

Thia intaraarional search raport hat been prapared by this [nternational Ssarching Authority and ia trnummd ta the applicant
according to Article 18. A copy is being transmiteed to the [ntsrnational Buresu,

This international search repore consises of u tocal of & sheeta,

E It is also ascampaniad by a copy of aach prior art document cited in this repart.

1. Bausis of the report

& With regurd to the language, the international search was carriad out on the busir of the iaczrnational spplication in the
Language ia which it was Rled, ualess otherwise indicated under this item.

D the international sesrch was carried out an the basis of & transintion of the international application furaished ta this
Authoricy (Ruls 83.1(b))

b. Wit regard to any nuckeotide aod/or amina add sequence disclosed in the intenationul applicuficn, the internationul seacch
way carried ot oa the besis of te sequence listing:

sontained is the intsrnational application in written forwm.

filed togetber with the interantional spplication in computer readable form.
fumished subsequandy to this Axthority in wrizten form.
furnished yubsequantly to this Anthority in computer reydabls form.

the statament thar the subsequently furnished written ssquence listing does not go bayond the disclasure in
the

the Rolement et the informution recorded i computer rexdabla form is identical 1 the writen expueace lixing s b e
fumnishec.

Certuin cluims were fund usseuchuble (Seq Box [}

Unity of inventios is lacking {Ses Box I}

h regard to the dde,

& s »

DIEI‘DD OO000O0

the text is approved as subnictad by che spplicant.
the taxt has bean established by thisr Authoricy to read ae follows:

5. With regard to the ubatract,
the text is approved as submittad by the applicant

D the texr has been astablished, according to Rule 38.2(b), by this Auchoricy as it appears in
Box [IL. ‘The applicant may, within one monch from the date of mailing of this international
ssarch report, submit comments to thia Authority.

4. The figure of the deuwings to be published wich the obatroct is Figure No

G ax sugpestad by the applicant.

r_I hecause the anolicant Failed o sucwner 8 Romes

D Nana af the figures.
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INTERNATIONAL SEARCH REPORT [ aternarional spplication No.
PCT/US01/ 84844

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(7) ABLK-3L/44, 31744
US CL  :814/484, 320
Acsordiag to Intarnarional Patent Classificarion (IPC) or to both nationsd classification snd [PC

B, FIELDS SEARCHED ‘2,
Minimum documentation searchad (clasilicarion aystam followed by classification aymbeis)
US. : 41+/983, 330

Documentarion ssarchad other than minimum documentation to the axtent that such documents are included in the felds
searched

Flectrouin data base consulted during che international search (name of duta base and, where prasticable, search terma used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® d_u.:in of dosument, with indication, whare sppropriste, of the relevant passages Ralavant to elaim Na,
A US 4,785,000 A (KREEK et al.) 15 November 1988 (15.11.88), see | 1-53
the entire document.
A US 5,266,331 A (OSHLACK et al.) 30 November 1993 (30.11.93), | 1-53
see the entire document.
A US 5,472,943 A (CRAIN et al.) 05 December 1995 (05.12.95), see | 1-53

the entire document.

D Further dovuments are listad in the continuation of Boxz C. D See patent fanily sanez.

. Speuisl saingurins of ulied domnmeuic - M;m,tmﬂﬁrhhhmm&ﬂuﬂ
. date and nal la sonliiet with the appliastiag bl sliad s auidembas:
. doramest dofinlug the jenaral slake of U st whink s nsl ennside sl
1 ha of pestiaular mbe U prigaiple or thoury nndedying tha Luventien
- = domtment of msvanes; tha slaimed lavestion asnasl be
r sariler drument pablished n o sller the lntaruatiomal Hling dats O e e i s famotie siop
" dmtnmeat whish may thaws denbis s poburuy slaimis) or whish b wham tha dosmeal In taken almas
alnd to sslahliah bhe pubilonilen dale of anciker nilaiiam ar sther
apeaial weassa (an spurdiivd) - dmnmeni of purtioaler mlvas G slalmel lnventisn crnnst b
wonsldo sl be involvs an lnventive step whan the desnssent bs sombined
- dnaant miamiag 0 an om] dismloays, me, snhbitiee sr viber with ous ur mom siher sish desmmeuts, muk cambintion being
Means hvinm i & puman skilled in the an
_pe lotument published privr 6 e Beateusl Oling daie bul Laer  «ge

than \be priuvily date slalsesd dsnsentl mansher of the same pateul famlly

Date of the actual completion ¢f the intecnational swarch Date of mailing of che intarnacional search repare

15 SEPTEMBER 4004 nNea NN 2nn3




NOTES TO FORM PCTASA220 7,

Thae Notas arc iatcoded 10 pve e Basic insirucons concermuag e filing of imeadmenty under Anicie 19, The

Noteas are based on the requiremenu of e Putent Coopeniuon Treaty sad of the Regulstions sad the inistenli
lnstructions uader that Treary. [n case of discrepancy between thaie Nowa ind thoss e guls Adminisirglive

: uirescals, e Lag li
For mare dewiled information, soe slsa the PCT Apphicant’s Guude, 1 publication et\vu'o. 1 drcapplicsble

Ia thewe Now, ~Anide”, "Rule” 1ad “Sectioa™ refer 10 the pravisions of tha PCT, the PCT Regulations and the PCT
Adminisintive lastructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The ok has, aller reocived the internations] search repore, oue % soacad the clalens of the
description hﬁnp)?hl-ﬂdhwgkmudpd-—qm theve s waually
;:um-w ud@u:umuq:aqqtﬁ:-mhhhhhrm
Favthermore, R should be caphasiond that provisicoa) protoction ks sval p

in some States oaly,
What parts of the lnternationsl spplicstion may be atncnded 1
The clakms only.
xhﬁfudhdnﬁp may caly be amcnded during imtiraationsl preliminiry exmingtion wder

Whea? Wikin 2 scnths from the dats of treassinal of the interastional seuch repart ar 16 mowths from the priority
o iwes toter, & should bo motod, howeves, that the smendenants will by considered
a8 Javimg boent reocived oa If ey see woochvod by the Intcematioosl Baross sicr s tapivation of the 7
ﬁruhmhq&dh“whwﬂhﬁ
Y . . LR | AL El

Where nel ts e the amendmants T

The moeadoents may ouly be Glad wilh the latermationsl Burcau wad not with the receiviag Offiee or the
lascraations| Scarching Audhority (Rule 46.2). )

Where o dempand for meemationl prelimisary examinstion bas boon/ flod, see below.

Rew? i&:bm:;mc“ﬁmdﬁnh’ dﬁqm-mmdﬂqwmhud

scplecvment shoct wamt e vebuaitiad for each shect of te clakns which, o accoust of sa emeadeicat ot
e iiffoms from e heet orlgiualty Blod. =

ARl the clais sppensiag oa s shect munt be smbeved tn Arabic momersis. Whoe achaim
eancelied, no of the other claims is requirod. la all cases where claims are reasmbered, they must
be resmbered consocively (Admigisative lastructions, Section 205(b)).

Whal decumests musi/may sccosipany the smendmonts ¥

Latiey (Section 205(k)): ]
The smendaweat mamt be submined with a leer.

Tha leter will not be published with the iemational vpplication

2o the amended claima. 1t thould pot be
coufounded with the “Statement vnder Artice 1% 1)” (see below,

uader ~Stcomont yader Article 1%1)7)-
-The betor must indicate the dilfesnces betwean the claims a3 fled aad e cluims 4 umendod, §i must, i
- -particziar, indicate, i conooction with cach claim sppoanng i the infermartiont spplicatiou (K being nadarTmad
{Bat identical indicutions concoming seversl caums muy be grouped), whether
(i) ‘be claim ia unchaaged:

(1) \he claim iz cwacelled;

{iii) the daiun u new:

11v) the s el Acs mp m——— -
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NOTES TO FORM PCT/ISA/L10 (cantlnued)

The lallowing sxamplas Rluiuaie the magner la which smendments lllll. h: cxplalaed la the
accompanylag letter:

l. {Where arigiaully there were 48 clriou 1ed after lllu.sdml of some claima there are SLj:
“Claima 1 12 29, 31, 32, 34, 35, 17 1a A replaced by amended claims hunllllu ame nu-herl. -
cluimas M, 31 ed 16 unchangad: acw claims 49 10 $1 1dded.” LI oo

L ([Where arigiaully there were L5 cluims sad a(ter amendment of all daims there ace LL]:
*Claioas 1 19 LF ;eplaced by smended claioas Lt 11.°

1. (‘\V‘h::m‘mllymu:nn 14 claima and Uhe amendments coasistin cancelling some claims and in sdding
acw claima]:
*Claims 1 lLG wod 14 unchanped; claims 7 10 13 cancelled; sew claims LS, 16 and 17 sdded.” or
“Claims 70 13 cuaccliol; acw claims 13, 16 aad \TIHd llldludnﬂun:hqd."

4. '[\thnmkhﬁdmlnml: b

ey =Hy el L

* =Stalomcatl under Article 19(1)" (Rule 46.4)

The amendmonts may be sooompunied by ¢ slatonent expliiniag the amendmonis and indicating sy knipact

htlﬂlﬂﬂdﬂﬂﬂ#hu-lhhmﬂmudtkﬁlﬂp(ﬂdmhmm
Asucle 1%(1)).

The stalcment will be published with the iatemational application and the amended dalms.

m:mhuhmunmuummmunmuumumm

h“uh“ﬂﬂhu#hhﬂuﬁﬁ differences betwern the dakm
-ﬁld-d--dd. & mont ba [lod on & scpumin shoet sod et w--:lirlind-;

£ ity ¥ s o e Smim e Akl 114 SN Tl
! 11 shwoold not contale sy cowments on the inserasticeal search report ‘dduh- .
comtained I thet seport, Re uduﬂu:.uhuuu-.v—dn-.nuhdhhw*.%? .
repos nyh“d}nﬂﬂhﬁ&u“dud‘n <

In whal language T ) R (e
mm-mhnhhuhmphﬂﬂhmmhpﬂﬂﬂuhpﬂ“'ﬂ_shl_m
asd aay statcment & ying the smendasears muad be in the same Fuhhﬂumllpﬂl?m
mlulzll.p-lpu or French; odserwise, it must be in English or French, ut the choioe of the appliciat

Canseguenca 'lﬁﬂﬂhmmhhﬂlﬂ-lllﬂﬂ‘.“,-hﬂuf

'o'
mnlm:mdﬁhuuymmmds 19, ¢ demand (or internatiogal axasgination
ready boca aubaistod, the applicust mmt preforably, at the same tise of 01 -nhﬂml.hhe
hh‘:niunlhun.nhnﬂe:%d ,“HQMhmi:'dM-hqmg
Asthority (sce Rula §2-2(a), Gt seateace).

Consequance with regand la translation of the Internstoaal .ppllalh- for antxy luia this natouns] phase ?

Tac sppl aat's atcotion i drwa to the (act that, where upon eal ialo the satoas] phase, & transletion of the

claima as smcoded uder Article |9 may bave wa be fursished to hlﬂhﬂdﬁddﬁﬂ.ﬂlﬂducar
ia sdditica o, the traeslstion of tie claims wa fited

For hnhdddllhu the reuircments of exch desigasted/decied Office, see Vdm ngtm I‘c.'l‘Apﬂnu '
Guide.

N R SEA AT BTAE 9 B
Claims 1-10 sachaagod; claims 1110 13, lludl’a-ndld.dn_ 14, I.indl.lnﬂ.lnulbyuuhd i
- daim 14; du-l?mb&wld-uunddd;mﬂ.ulﬁﬂ'-:'du-lmullnm icad b
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Yuri. N.Y.
Appl No.: ﬂl.TH

Filed: Nov. 16,1987 .~ ~

Raiated US. Application Duta,
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us. . S14/28%; 5147546
Flakd of Search moommmmaniaenn J14/282, 346
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51 ABSTRACT

Amhndol'mu patienty in chronic pain or suffer-
- ing from chronic cough aver a pralonged period to
.provide systemic uﬂ.lgem or central antitussive effect - -
while simultaneovaly avoiding the onsct of intestinal -
hypomotility. The method includes the oral xiministra.

tion to the patient of dosage units comprising in combi-

" wition opioid asnlgesics or antitussives and selected: -
-apioid nnhgon.llu which are substntinlly davoid of | .

lym m;nml activity when administered urnny
9 Claims, No Drmvlnll

4,785,000 -

" Kreek et al. . (st Date of Patent: Nov. 15,1988 -
" mm%mmm“mm ..-' B remmgm i
. o . . . - . . -
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4,783,000
1 e
_ METHOD OF TREATING PATIENTS SUFFERING
FROM CHRONIC PAIN OR CHRONIC COUGH _

"2 - R e
ing the constipatiou probiems of chronic poln patiehsy . .. %
suffer from a mumber of drawbacks. Although these .. -

- substances do aot cross the blood-brain barrier, and .

] L S . therafore do aot substantlally interfere with those anal- 2 = . " .

. This is o Division, of application Ser. No. 875,560, 1 gesic effects of the opioid sgents that are medipted - .0 -

filed Jung 14, 1986. . ’ .. . ‘through the bruin, the antagoniss suggested by the” . -

P ; .+, prior st may welkinterfere with analgesic activity me- +
BACKGRQUND OF THE WEON . diateg through thafsginul cord, the peripheral seasory - ;.- .
. Field of the Inventos . . . system, the gityitry gland and posibly the bamd hypo- | . -
This invention relates to methods of treating patieats. 10 thalsmuy, all of which are balleved 1o coatain importat * -
miffering from chronic pain or chronic cough without  opicid Ia sddition, quaernary’ antsgosists” " .~
provoking Intestinal dysmotility. . Ve . ."* havelow afMnity for opioid receptors, Including the gur,
2. Decripon of the Prior Art - receptor, sad thus are oot effective bn couateracting * © .7
The treatment of paticats sufforing from severs,  parcotic induced-intestinal hypomaotility. Fusthermore, | '
chronic paia or chronic toogh preacots & number of 15 the prior art quatsrmary antsgonist componads have .

. serious clinical difficulties. Narcotic or opioid snalgesic’  besn found .to have on unacceptably high degree of - -

* agents, juch as morphine, methadooe, codeine, mwpert-  yaicity, makiog them particulnrly unssitabis for loag, -

. dins asd oxycodone ire often administered o such * . term adininisteation'to chronic pain padents. No feashle”

patients, e.g. patients suffesiog from progremive cuncer. o satisfactory method of trenting chronic pain or

pulmonary diseascs, degenerative joint discass and 29 cough patenis wilizing the quuternary compounds has - .

chronic abdominal pain. However, spart froms other  gver been disclosed. ; -
nndesicabla side effects of long-4erm opioid adminisie-  ° I3 ghart, no safe, effective ind practical means for

tion, i;: :.. ‘:lell kmwl:ﬁ:ﬁm mg .‘:';."’““‘.‘."..: + "olleviating rhe serious complication of intestinal brypo-

-opla gencs SEVEE cOnMIpakDR * wotility in cheoale or cough paticnts uadergaing -, - .

gl:hnr_lympmmlof intestinal bypomorility. Although it 29 whﬁ!.m‘w mﬁ m}l:‘: ?.mdnned. norwith- - -

- in believed that wieraace 1o the constipatiag effects of  wuaging the long felt clinicnl aced for such mean.

. chronic narcotic administration does eveatually de. ) :

" velop, it develops extremely slowly. Indesd, develop- SUMMARY OF THE INVENTION
mént of tolerance may be of Uitle sigalficonce’in the. " Ohi
* cmse of moay elderly or terminnl padents because of the 30 Qbjects of tha Iaveation

limitlng time factors or becatse doses of snalgesic muat ll'yluobjmnnhepmti:!vg\dmn;mvidsda, :

- aarinally be increased us tolaance develops to their  cffective mathods of alleviatiog: the sympwms of
-snaigmiceffect, . - . chrouic pain or cough patieats without provakiag or .-
" Tha constpation and other symptomn of iatestinal  @Brvating disordens of intestinal motillty. .
hygpomatility caused by sdministration of opioid analge. 35 It is another chject of the presest igvention to pro-

sics for chronic pain-or cough oot only create-discomy.  Vide methods au desceibed abave which are miitable for

fort for the patient bt may sl complicate both the patiants requiring loug term apicld therapy. L
treatmeni program and the patiears underiying condl- A further object of the prum_:lnmuonmnmwdc_-

risks in aod of imell. such s for cardiac patieats and 40 tration of & pharmaceutical ageat to chrouic pain e . . .
- .geriseric potients. - . cnus_hpnnuummndywu_hmurpinogmm- SRR
. Troslidonal methods of relisving constipation in pa- medication to prevent nad allevial comstipation aed. -
Hents on long-term opiid aonlgesic regimens Inclisda  Other symytoms of (ntestinal T e
the administration of a varicty of lazatives, purigatives, . Still another abject of the present invention i to -
stpol softeners and lubricants, the regulation of diet, and 43 pqu:nﬂnﬁdchbdnﬂwhmmm Y-
the like. In some coses, the discomfont and potential .ceutical sgent admipisiered concomitantly with the ..

. . danger of intestinal ruphure created by conmtipstiongwy : snslgesic or satiusive medicaliou does zot dgaif-- "2

becoma the limitiag actor In the treatment of the.pain = @nﬂyrduarinpnlnluhtu"ggmlpl:wqdmr
and tha dossy of asalgesic may have to be held contorit  Bive activity. . . - .
at a given level or aven rodnead ia aa atempt to bae 30 Yot  further object of the pressnt inveation i to
prove lotestinal motilley. .o L. pmvidsiq.ahndl'-dm-ihednbgwwhuuth-ml Lo
It has been proposed that certaln oplold antagonints odminlstered es an adjunct to opiotd aoalgesics canbe = ...
which have substontial systemic activity upon oml ad-" - administered orully and exhibits o low lovel of tosiany . 1.
" ministration might be urilized to counteract tha integ. . wad low incidence of undesirable side effect. L
. na] hypamotility provoked by long term administention 33 Yat anathor object of the present inventiaa i to pro- - !
of opioid agonists. Of courss, in order to ba of practical  vide methods described sbove whereln the adjunct =
_use, sny smch antagonists (0 be orally administered o . agent compriaes an opicid anmgonist having itls or oo
adjupcty to analgesic or antitagive sgeats must oot “ symemic bio-avnilability when takes by the ol route - -
substancially interfere with the analgesic or aatitussive  yet is effective in preventing and/or alleviating intesd-

mﬂnfmwmﬁzmnwﬁMhmm. . £

* .pain or reduce cough. Thus, 0. 4,176,184,. . . . i o

‘s family of compousda’ coasrituting. quaternary dexiva- Brelof Description of the'kavention s
tives of noroxymorphone are disclosed.m buing sszful -+ * In keeping with thesa ohjects and othen that will*

to prevent of culleve the iatestinal motlityiohibiting  becowme apparent hereinafter, the preseat tnventdon re: - 1,
.nide effects of parcotic analgesica without luterfering &3 sides, briufly stated, in methods of tresting chronic paia * -
with their analgesic activity. or cough putients, eg. putients suffering from progres- |

‘The compounds disclosed in U.8. Pat. No. 4,176,186  slve cancer, pulmoaary disense or progressive, degener
ond similar agenm suggested in the peior act for alleviat- - atva joint digsaze, without provoking or aggravating
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disordecy of intetina] matility such as cosstipation. The
subject methods comprise the administration in combi-
pation or co-administration of 1a efective amouat of an
opioid aanlgesic or antitussive and an opioid astagnaist

which is systemically bio-avuiloble whee administered 3

by the parenteral routs but is substantially nonbin-
available when administered oraily. Examples of wuit-
able opinid analgesics include morphine, meperidine,
oxycodone, methadone and the like. Among the most

commanly wed oploid antitustives ars codeine and 10

hydrocodone, Bxamples of spitahle antngonists includa
naloxoae, aalozone glucuroaide snd nalmefene glucu-
ronide.

[n accordance with the pressnt inveation, chronic

pein or cough pazients receive peroa [ o2 domge onits 13

comprising from abour 1.3 ta about 100 mg af opicid
annlgesic or antitumive sad from about 1 1o cbout 18 mg
af auitable opioid antagonists (to be farther defined
. below) 1 10 § rimes daily. The two agents can be admin-

tstered in combioation in the form of tablets, capacles,

capliets ar prepared oral solutions, or can be dimglved
or suspended together at time of administration in
suitable liguid vehicle, such a3 water, juice or gther
bevernge The two agentt can alio be co-admiaisteced

ia 1 son-simultanecus fashion, Le, one of the agents is 28

administered and, during the duration of ity in vive
activity, the other agent s sdministered, tevad.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to methods of weenting 2
patiant in chronic pain or with chranic congh over &
prolonged period to provide systemic asnigesin or cen-
tral antitusive effect while simultageously i

preventing
the onset of intestinal hypometility or alleviating hypo- 14

maotllity which haa resulted from use of aarcotic alone.
These methads comprise the oml administration In .
combination of pharmaceutically effective amounts of
an opioid analgesic ar antitamive end an opicid antsgo-

aist having little or no systemic bio-availability in active 40

form end, hence, substantially devoid of systemtic ontng-
calst activity when administered orally,

Opioid agoalsts which may be used in the methods of
the present invention izelude all nown safe and effec-

tive opicid analgesics, both short and long-acting apioid 43

analgesics, for example, morphine, meperidioe, axyco-
deme, methadone, hydromorphone, eodeine, hydroco-
done and propoxyphens. Becauss the sabject mathods
celate solely w the oral wiminimration of the agonlat

and antagonists, the opioid annlgesica or aniitumives 50

selected must have » bigh degree of oral activicy aad be
safe for oral administrztion.

The oploid antagoulsts which are nuitable for use in
the methods aof the present inventicn, hereinafter some-

times refexred to as “suitable opicid nomgoniats™, must 35

have little o no systomic aatagouist activity when nd-
ministered oraily. A low degees of oral syatemic activ-
ity is o necessory festure of the opioid antagonists nacd
in the present invenrion becanse when tha satagonists

are given in combination with the opicid sgonists as 60

taught hetein, they have litle value if they oeutralize or
Illhll.lnﬁllly negate the analgesic activity of the apiaid

8
The suitable apiaid antagonizs are generally of twa
types:
1. Agents which exhibit a high degree of antagonist
activity when administered paresteraily bot are sub-
stantially (ot legst 95%) metabolized and lose systemic
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antagonist activity when administered orally. Such aa-
tigonists include, for example, naloxone (N-allyl-14-
hydroxydihydeanarmarphinoae).

L Ageats which are in the form of antagonist metabo-
lites, g nalozone glicuronide and nolmefene (5-
methylens-§-desozy-N-cyclopropylmethyl-14-hydrox-
ydibydronarmorhine) glucuronlda, which sre inactiva
metsbolites of parentfenlly active antagonists.

[t has been discovered that certain opioid antagonists
which are’ poorty bic-available when odministered
orally do reach the gut in substantinlly unaltered form
and are shsorbed through the intestingl walls into the
portal circulation, but then are quickly metabolized oad
deactivated in the liver —for example, naloxone & me-
tabolized in the lver to nslozase glucuronide, which
hea littde or oo systemic watagonist scdvicy. Yet, by
reaching the gt opiate receptors, these antagonists are
capohle of blocking the hypomatility-causing effects of
the opicid agonists on the gestrointestinal tract, wad
thus can prevent the anset, or alleviate the symptoms, of

constipation in patients receiving long term raccatic

anplgesic therapy, while not interfering with or ablating
the analgesic actvity of the opiold agonists.

The glucuronide metabolites specifled abave nlso
prevent the opset of constipation and/or reduce the
severity of conatipation in chronic pain patients ceceiv-
Ing opivid anslpesics, perhaps because they wre de-
gluenronidated by hacterial activity or the activity of
enxymes in the intestinal wall and reach the gut wall to
some extent in the form of tie antagonist bases, ie.,
oolozone and nalmefene, Thus, it [s belleved that these
metabolites act ns pro<drugs when administered orlly.
AJ used herein the term “pro-drug™ refen to subscances
which ara inactive in vitro but are converted at lenst to
s0me extent to a pharmaceutically active form in vive.

In our co-pendiag application Ser. No. 680,230 fil=d
Dec. 10, 1984 (continuation of Ser. Na. 464,110 filed
Feb. 4, 1983), we disciosed the atllity of naloxone and
other antagonist agents in relicving idiopathic or spon-
taneous constipation —Le, constipation not caused by,
for example, chronic administration of nascotic ago-
nists. We emphasized on page 1 of that application thar
the invention therein disclesed did not relate to the we
of apicid antgoniss to weutralize the effect af dpioid
sgonists such ps narcotic deugs The present invention
relates to the use of specific opioid antagonists nat
neutralize the systamic effects of nareotic sgonists such
as apioid analgesice, but only w countzact the gut level
effects of tha sgonisa on gastrointestinal monlity while
not otherwise blocking or interfering with sny systemic
agonist sctlvity. Moreover, the methods of the present
invention provide detailed dosage ranges and rutios for
oploid analgesica snd antitussives and witble satago-
niats to provida a coherent method of scute or chronls
treatment foc patients with pain or cough which ensures
tdequate analgesia and antitomsive actdvity while not
compounding the patient’s discomfurt or aggravating
the underlying illasss with the complications of severs
constipation. .

In accordance with the novel methods of the present
invention, patienta suffering from chronic pain aor
cough, e.g. patients with progressiva cancen, pulmo-
nacy digease, dangevative Joint disenses, patienis recov-
ering from severe trauma aod the Uke, receive ane or

&5 two dosage units of opicid angonists and suitable antog-

onists 1 to 3 times daily. Tha epioid analgesics or anti-
tugslves uiilized according to the preseat inventinn can
ba any short or long acting ngents found t be safe and

qT
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aﬁecmfurlon:mmwnhu.wwutmﬂe.
., morphine, meperidiae, oxycodone, hydromorphone,
" methucdone, codeine, hydracadone and ‘propaxyphene.
Thednugempbnheupwﬂ:pﬂuﬁmm
"+ 1.3 to about- lmm;pu-dnnmum.whloﬂmn-

'.f.;:

bng administered 1 to 5 times daily, yisldiog a daily. H

*. agonist. The following are illustrative mpl‘ur plru:

ulnrapmdnnalluhl
) TABLE 1 18
Opioid Acalgmics I:_lllnphl.l'tt-d
D, ., magle TE
r maparidlas RNw D ey
. . Oaycodooe D o-imld '
' hydmuarphone "Ww)
T T methedean . w8 -
1] codslag - - " 40w N
. mhl » 43w ¥

* Suitable apiold mnmlln for use in the prosen: 2
inventon ace, as discussed shove, those which have
little or no systemic antagoelet actlvity when adminis.
. mdonﬂyyelmupnbhul‘acﬁnsmpnupmn
" . receptors ta biack the dysmadlity provoking effects of

_Ww&ﬂmﬂhmmﬂmm

Lwhich are chsorbed from the geatreintestinal tract in

* non-metabolized form to the exteat of % or lem, such -

* wa'nalozone. {n addision, metahalites of sarcotic saage-

. 'nhuwhnhhnvnlh:ﬂ:ornnmmmmy.epn

. naloxone glucuconide aad nalmefene glucyromide, also
.have beea found aitable for purposes of the praseat .
invention, probably becauss they act as gro-drugs. The
.hqqnddhdnﬂhrhoﬁnﬂmﬂpnhumhl’ar
murhgpmmt‘iwuhnnmﬂmm:ymmm 1
. adverse oploid effects on intestinal mbdilty without
npdhmdyredunlnsﬂuunl;mpnmyanh:m
mmnnﬂyldmemlomdmm .

. In accordance with the. present. invention, chmn

. mormghpuunmuwndwmtutnl—m
ozone ot other suitahle antagosist vagether with.each

" dosagn amount of opicid soalgesic, 1 to 3 dmes dally. -
. Ench dosage amount includes ona.or more dosage units
comprising bath pharmaceutical agenss. The twa aguats

._mhwnhmdhlﬁudnmhmyphmnmﬂ-
.cally acceprble oral dosage form Including, by wuy of
. axnmple, cupaules, tabicts, cagplets, sympa, allxic sand
thallku.wllhll::ndd;llnufmvmﬂmﬂum
hinders, excipients, disintegration sgents, lubricants,
sweetencrs 2ad other knowa pbarmaccutically accept- 39
.able additves. A.lumnvely dmnmunolopmd
ngonists and aotagoniss can be added in powdered -
hmmnwnwﬁhﬂmuﬂufm:ﬂuh
. greater patient accepmbllity. The opioid agoaist and

.  sufoble ontagonist oy also be co-administered to the 33
patient in o non-gimultancous Fashion with 1-3 dosoge
] :-muoruomundunpmubm.wnd-

. . ministered o the patisat

*  The rocommended domge range for the parcotic
. -mmutﬁubhﬁnuinmmahmu
- .. inveation is about ] to sbout 18 mg per dosage unlt It -

" bag been.found that a higher amount of eatngonist, such
.ulz-llulpumhmudmmw
such ax codeine and propoxyphens, and a smaller

. munldmmhuldn;puwhu-ﬂ
_qurdwl:hmngu wganists such 3 movphine sad
. maperidine. The followlng are typicnl nalt and dally
dosages of agonists and antagomisty:

¢ dosage mage of sbout.1.5 1o shout l.mnm;ol'opmld o
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. 1 19 chronic pain or cough pn.t.lenll by providingeffective "

6.-.
TABLE 2 -
. - Represes-  Mapresogtdve | Typhal Tol -
- . wive -"UnhOow . DeilyDom "'
Dpicld " . “UskDese, -Acmpesin ~ - elAgmbe. * v
- Adalgeiln " (g (Nalozona} y o
marphies . . w - 1 Hlwngw ¥ 7
mathadony w," 1. =1 dn: T
owpridon -0 1 “lwkngd o
oxycodons - s ., 3. I=1 omrs gl
Irpdrumorphonm 11 T (=1 waite qid
al- -, [ 3 } 5 1 wio gd
" proposyphuss K. [ 1- caies wid

amlgesin snd centrul antitimive effect withouz pmvuk- _' Z'. e

ing or aggmvating constipation and other symptoma f ;1 .

intastinal hypomoility Iy not detracted from by the foet

- {primarily nalozone) sre disclosed in the prior art. Nons
onh:lepﬂnrdu:luuru relates mlhnunhty of opioid .

) lpnull and orally ineffectiva mupnlu in gombtaa-

tion for purposcs disclosed hereis, or ia any-other -
method of trentment ‘whare locnt- nugomm of lul
I:velnpwddte:ulldmed. )
Formpl:.hus.mun.l,ﬂlﬂﬂlldhdnld
lhnuqlnmuuuﬁdhmjmthn with opiate alka- ; -,
loids lhr ohiating tha respirutory depression coused by
the opioids. But not only are the beneficial gaatrointeatl- *
anl effécts of naiozone ot disclosed n that pateat, the .
combination formulations taught therein are oaly for.
parentersl me Parenternlly adminitered sgonist-

. nuummhmmuwnddhudnm:heulh-

‘ods of the preseat invention because the patogonist °
wmldmuﬂy reduce the anslgesic effect-of the age-
nit while oot improving intestinal motllity as effec-
tively as wn orally administered proparation.
mu.s.mmsmmmuym:mmpd-

. tions are disclosed which comprise ppioid nnlpila

and naloxons in combinaton. However,
uon!nmlammduehdumm;nmuyhr
wemdono!dmrihmbmupnn parentarul .

- administration they do not produce analgesis, cupborls .-
* . or physical

“This wa of aalozane for the
purpase of “adulterating”orally. administered nareotc
drugs to prevent parentersl ahuse, tuch as by beroin and
mhunddlsl.uwdlhnwumlhapmrmﬂawu
ever, there i mo prior disclosure in the patent or med)-

cal Ucaraturs that such combination drugs would be
wichul in the treatmant af chronic pain paticats becauss

of the oral effectivenens of naloxons in praveniing nar- .
cotic indyced constipation. Furthermore, it would not
have occurred to skilled wqrkers in the att to bava ...
utlized the prior art agonist-angonist ol prepan- -
tlons to treat chronic poin patients where the possibility

-

“that combinations of opioid agonists and garagonists VS

-l

of pareateral sbuse by the patients ia nat & significant . "

concern.’

. Other combinptions ofqnnul annlgesics aod palox- .
oay suitable for of
closed ig US. Pat. No, 4,352,333,

Thehllmrln.mplnillulnl:th:u:hndnofm
pmmmmmmmwmddum

. techniques, pharmacewtical ngenti, dossge form oc”

dunpmnnnwhhhmulhuﬂndudmvdyh
order to come within tha acops of the preset invention.

The follawing examples reprasent titrution studles
which wenpe:bmdunl‘helubje:l potizan. Oplaid * -
nmlmuudmwmoﬂuymdﬂm

I ’

oo

o

"
Tl

p:nn:ﬂﬂubuumdn— - o
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ta the patients and the dosage rnges adingted until the
puoint where a significant increase in fecal passage wos
ohsecved with incrensed fecal wet weight, and with no
sign of narcotc withdrawal symptoms or recrudes-
cence of paia. The dosge regimen discovered by dtra-
tion to be optimal for schicving the focegolag results ia
teferred to in the examples as the “optimal damge regi-
men”,
EXAMPLE |

Patient No. 1 was & 42 yenr old famalg with 8 9 year
histary of lowes left quadegt sbdominal peln, blosting
and cectul bleeding, and a § ymar history of seizures, Her
optimal dosage regimen was found ta be 61 mg of pro-

poxyphene and 13 my of nalozone administered omnlly
bid (cwica daily).

EXAMPLE 2
Padent No. 1 was a 13 year ald maole with s 15 yenr

. histery of narcotic nddiction snd & 3 year history of

narcotic methadove mainteoance tresrment. Twa yean
priog to admixsion, the patieat had suffered & full from a
30-foot lndder resulting in bmin hemorchaging, & frac-
tured left femur and clavicl: and secondacy pain. The

putient’s optimal dosage cegimen was found to be 100 13

mg of methodone, 3 mg of oxycadone and 8 mg of
nalozons administered qd (gnce daily).

EXAMPLE }

Patient No. 3 was a 39 yeor ald female witha 13 year 30

history of post-auto crash secondary apinal cord Lesions,
paraplegiz, chronic pain and constipation. Her optimal
dosage regimen was foand to be L0 mg of methadone, 5
mg of oxycodone azd § mg of nalozone administered tid
(thrice daily).

* EXAMPLE 4

Pasient No, 4 was 3 33 yeor old female with a 13 year
history of post left mastectomy and right preumogec-

toowomy secondary pain. Her optimsl dosage mgimen 40

was found 10 be 10 mg of oxycadone, adminiatered 3

times daily ax well as 10-11 mg of nalagone, (-4 times

iaily, -
BXAMPLE 3

Patient No. 5 wns a 17 yeor ald female with a 13 year
history of intermittent small bowel obatruction ding-
nased as pseduccbstruction and secondary chroaic pain
reaulting in chronic narcotic dependency and metha-
done muintenanca treatment. Her optimal dosage regi-
mea woa found to by 100 mg of methadang
with 4 mg of nuloxone sdminiyered qd.

s
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It will thus be seen that there are provided novel
methods which achieve the various objects of the in-
vention, and which are wel] adopled to meet the condi-
tions of practical use.

As various poasible embodiments might be made of
the nbave inventinn, and as various changes might be
made In the embodipients set farth above, it is W be
understood that all matters herein described are to be
interpeeted as ilustrarive and aot in & miting sense

What is claimed as aew and desived to be protected
by Letters Pateat is set forth in the sppended claims

1. A method of treating a patient in chroalc pain or
suffering from chronic cough over a proloaged period
o provide systemic analgesin or ceatral antitussive
effect while simultaneously avoiding the onaet of intes-
tinal hypomotility, comprising the oral adminisiration
1o the patisat |5 times daily of 1-2 dosage uaits com-
prising ftom about 1.9 to about 100 oug of an ogioid
anaigesic Or antitumive selected fram the group consist-
ing of mecthadone and progoxyphene sad from sbout 1
to sbout 18 mg of 2a opioid antagonist or antagonist
pro-drug substantially devoid of systemic antngoniat
activity when sdministered orally.

L A method according to claim 1 which comprises
thie use of an opinid antagoniat absached into the bload-
stream through tha gastrointestinal teact in non-meta-
kalized form to tha extent of less than 3%.

3. A method according o claim 2 wherein aid opioid
aatagonist is naloxone.

4. A method according ta claim 1 which comprises
the use of an aatagonist pro-deug in the form af o memb-
olite of a parentcrally active antagonist.

5. A method accordiag to claim 4 whersin wid antag-
onist pro-drug is selected from the group consisting of
nolozone glucuronide and oalmefene glucuronide.

6 A method nccording to claim 1 wherein ot least one
dossge unit each of said amslgesic or aatitussive and
amagonist or satagonist pro-drug is administered 1o the
patient in combinntion in pharmaceudeally acceptable
oral dosage form.

7. A method accocdiag to claim § wherein sald oral
dosage form s selected from the group consisting of
capsules, caplety, tablets, syrups and elixirs,

8. A method aceoeding (o claim 1 wheeein o dotage
ampunt comprising at least one dusage unit each of
analgesic ar satitussive and antagorist ar antagonist
pro-drug is dissolved or suspended in n liquid beverage
&t tha time of adminiseration to the patizot.

9. A method according to0 claims § or § wherein =id
dosage unit of antagonist includes from about 1 to about
13 mg of naloxone .
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[®] Notce: The portion of the term of this patent  form comprising a therapentically effective smomat of

mbsequent to Feb, 5, 2008 has bena axycodone or a sait thereol in & matrix wherein the
disclaimed.

dimsclution rate in vitro of the dosage form, when mea-

. sured by the USP Paddle Method of 100 rpm in 900 ml

::;: ;::‘ No: :'w.s-;: 991 . aqueous buffer (pH between 1.6 asd 7.0 3t 37° C. is
: ov. 17,

between 12.5% and 42.3% (by weight) oxycodope re-

51} Ik O3 emreeamen ASIK 9/23; ASIX 9725 loused after | hour, between 259% and 53% (by weight)

(1] us.aa 424/468; 424/465,  oxycodone selsased afier 1 hours, between 43% and

A24/7470; 4147486 AT4740T; 4247480; 424/494;  75% (by weight) oxycodone released afier 4 hours and

424/496; 4147497, 414/438; 414/301: 414/501; hetween 159% and $3% (by weight) oxyeodone released

4147495  efter 6 hours, the in vitro release rate being independent

(33} Fidd of Saxrch ............ 4147454, 465, 468, 459, of pH between pH 1.6 and 7.2 and chosen wch that the
4247470, 485, 437, 488, 494, 496, 497, 498  peak playma level of Daycodane obtained ia vive oecan -

] Refersnces Clted batweea 1 and 4 haues after administration of the dos-
forw.
U.S. PATENT DOCUMENTS tge farm
4,361,998 B9 Oshlack .o 4247470
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2
drocodeine, codeine, dihydromorphine, morphine, ba-
preaorphine, salts chereof, and the like.
USP Paddle Method is the Paddle Method drscribed,
&g, in U.S. Pharmacopaeia XXII (1990).

5,266,131
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CONTROLLED RELEASE OXYCODONE
COMPOSITIONS
BACKGROUND OF THE INVENTION 3

The present Invention relates to a salid, costrolled
telense oral dosage form for we in the treatment of
moderte to severe pain

Tt bas praviouly been known in the an that con-
trolled relesse compasitions of hydromorphase or sales
thereof could be preparcd in & suitable matriz. For az-
ample, U.S. Pat. No. 4,990,341 (Goldie), also asrigned to
the assignee of the present inventioa, describes hydro-
morphone compositions wherein the dissalution rate in
vitro of tha dosage form, whea measured by the USPE VI
Paddle Method at 100 cpm in 500 ] aqueows buffer (pH
betwezn 1.6 and 7.7) &t 37° C., i between 118 and
42.9% (by wt) hydromorphone relessed after 1 hour,
between 25 and 55% (by wt) relensed after 1 hour,
belwean 43 and 79% (by wt) released after 4 hours and 20
betwees 35 aod L4% (by wt) released afier 6 hours

For example, this patent teaches that controlled re-
lease hydsamorphone compasitons can be prepared by
incarporating the drug into a contralled releage matriz
(eg. hydrophobic polymert, digsstible long chain hy-
drocarbons, palyalkylene glycols), or by incorporating
the druyg isto o normal relense matriz and udlizing &
coating that coatrals the release of che drug (e.g. a film
enating comprisiag 8 was, theflac ar zein, u water insol.
uble cellulose, & polymethacrylate). In a parricalarly 30
preferred embodiment, fllm costed spheraids of hydro-
morphone and microcrystalline cellulose are film-
caated to obtaia the desired coatrolled release of the
hydromorphone

While cantralled release compasitions utiliziag hy- 15
dromorphone ns the therapeutically active Ingredient
were abtsined, comirolled relesss compoasitions contain-
ing other therapeutically nctive ageats having the same
medicinal use (analgesia) ond structurally related to
hydromarphone, such a1 ozycodone, werg nat belicved 40
to be cbwined when using similar techniques as thase
set forth in U.S Patent No. 4,990,341. .

It hos aow been surpriingly discovered that con-
trolled relense compositions which include sa anatgesic
ather than hydromorphone are indesd obtainable via 43
the mechods set farth in U8 Pat No. 4,990,341,

SUMMARY OF THE INVENTION

Aceording to the preseat invention there is provided
a 30lid, conlralled relessz, oral dosage form, the dosage 30
form comprising a therapeurtically eifective amount of
oxycodone or & sait thereal in & matrix wherein the
dissclution yxte in vitro of the dosage form, when mea-
sured by the USP Paddle Method at 100 rpm n 900 mi
agueows bulfer (pH betweszn 1.6 and 7.2} at 37° C. s 35
betwe=n 1.9 and 42.5% (by wt) ozycodong released
after 1 hour, between 11 and 356% (by wt) oxycadone
released after 1 hours, between 43 and 73% (by wi)
ozycodane relensed after 4 hours and betweea 33 und
13% (by wt) oxycodone released after & bours, the in @
virra release rate being independent of pH between pH
1.6 and 7.1 and wuch thar the peak ploama level of ox-
ycodone abtaiaed in vive occurs beiween 2 and 4 hours
afier sdminizration of the dosage form.

Prefersbly, the dosage farm containg an analgesically 43
affective amount of aayeodone or & salt thereof. How-
ever, other related analgesicnlly effective ageans may
alsc be used, including hydromorphone, diby.

In the present spépification, “independent of pH”
means that the difference, at any given (ime, between
the amount of azycodone released at pH 1.6 and the
smount released at sny other pH up to, and including,
pH 7.2 (when meagored In vitro wing the USP Paddie
Method at 100 rpmt in 900 ml aqueous bulfer) is 10% (by
weight) of less. The amounts released being, in all cascs,
4 mean of at least thres experiments

DETAILED DESCRIFTION

In order to obuin 1 controlled release drug dasage
form having at least a 12 hour therapeutic effect, it
usual ia the pharmaccubical art to produce & formulation
that gives 8 peak playma level of the drug between
about 44 hours afier adminiatration (in 2 single dose
study). The present inventors have surprisingly found
that, in the case of ozycodone, a peak plaama level st
between 2=+ hours after sdmiistration gives st leant 12
hours pain reliel and, mos surprisingly, that the pain
reliel abcainad with such a formulstion is grester than
that achieved with formulations giving pesk plusma
levels (of axycadone) in the normal periad of 1-1 bours
after administration.

Furthermore, in the case of the present dosage form,
therapeutic levels are geoerally achieved without can-
current side effecty, such as nauses, vomiting, constipa-
tiop and drowsiness, which are often nssociated with
high blood Levels of cxycodone. There is alsa evidence
ta saggest that the use of the present dosage forms leads
to » reduced risk of drug addiction

A further advantage of the present compasitlon,
which celeasns axycodone at a mte that is independent
of pH between 1.6 aad 7., ia that it avoids dose dump-
ing upon ora] administeation. In ather words, the oz
yeodone is releassd evenly throughout the gostrointesti-
oal tract.

The present oral dowge form may be present=l 8,
for example, granules, sphersids or peiles in a1 caprule
or in any other suitable sofid form. Preferably, how.
ever, the oral dosage form is a tablet.

The present oral dosage form preferably contains

between | and 30 mg, most czpecially betweea 10 nad -

30 mg, of ozycodons hydrochloride. Alternadvely the
dosage form may contaia molar equivalent amoust of
other oxycodone salts or of the axycodons base
The present matrix may be any matrls that sffords in
vitre dissalytion rutes of oxycodone withia the aurrow
ranges required and that relenses the axycodone in & pH
independent manner. Prefersbly the matris B a cos-
trolled release matriz, although normal release macrices
having a costing that controls the release of tha drug
may be usad. Suitshle materials for inelusion in a con-
trolled releasa matrix are
(2) Hydrophilic palymers, such ss gums, cellalose
ethecs, acrylic resing and protein derived materiala
Of these polymers, the celiulose cthers, especially
hydroxyalkylcelluloses and carboayalkyled-
lulases, sre preferred. The oral dmsage form may
contain botween 1% and 80% (by weight) of at
least ane hydrophilic ar hydrophobic polymer.
(b) Diganitle, long chain (C)Cm capesially
Ci~Can), substituted or ungubstiruted hydrocar-
bons, such =s fatty acids, futy alcohols, glycaryl

/0(
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asters of fatty ocida, miners] and vegetable oils and
wazzs Hydrocarbons haviag o melting point of
between 25" and 90° C, are preferred. Of these long
chsin hydrocarbos materials, fatty (aliphate) alco-
hols are preferred. The oral domge form may con-
taio up to 609 (by weight) of at leaxt one digest-
foiz, long chain hydroearbon

(c) Palyalkylene glycols. The oral dasage form may

contain up to 60% (by weight) af at lesst ooz poly-
alkylene giycol.

One particular suitable matriz comprises at least one
water soluble hydroxyalkyl cellulose, st least one
C13-Cié preferably Cy~Cny, nliphatic sleohol and,
optionnlly, at least one potyalkylene glycol

The at lenst one hydroxyslkyl ceflulose is preferably
a Bydreay {Ci o Cg) alkyl ceilulase, such as hydroxy-
propylcetiulose, hydrozypropylmethylcellulose snd,
especially, hydraaysthyl ecliulowe. The amount of the
at leagt one hydrosyalkyl cellulose in the preseut aral

dasage farm will be determined, inter alia, by the pre- 20

cise rate of oiycodane release required. Preferably
bawever, the oral dosage fonn contaiss betwesn 3%
and 25%, cspecially between 623% and 15%. (by wr)
of the at least one hydrozyalkyl eetlulase.

5,266,331
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In ndditlon to the sbave ngredients, a controfled
release fontriz may also contain suitable quantities of
other materials, e.g. dfluents, lubricants, binders, grany-
lating alds, colorants, {lpvarants and ‘glideats that ase
conventional in the p eutical arl.

As.un alternative to 3 controlled rolease matrix, tha
preseal matrlz may be s ponnal relesse matrix haviag a
coag that controls che release of the drug, In particularly
preferred embodiments of this aspect of the inventdon,

10 the present dowage form comprises Alm coated spher-

The at least one Aliphatic slcohol may be, for exam- 15

ple, lauryl aicohal, myristyl alechol ar steary] alcohal
In particularly preferred embodimenis of the present
oral dosage form, howsver, the at least ane aliphatic
ulcchal is cetyl aleahol or cetostearyl slcohol. The

amount of the &t least one aliphatic slcohol in the pres- 30

ent oral dosage farm will be determined, as above, by
the precise rate of oxycndone release required. It will
alsa depend on whether ut least ane palyatkylene glycol
is present in or absent from the oral dosage form. In the

ahsence of ot leant one palysliylese glyeol, the oral 13

. dosage form preferably containg between 20% and 30%
(by wr) of the at leatt gne aliphatic alcohal. When st
{east one polyslkylens glycol ia present in the onal dos-
age form, then the combined weight of the at lesst one

aliphatie alcohal and the at least one paiyalkyless gly- 0

col preferably constitutes between 20% and 30% (by
wt) of the tatal dosage.

In o preferred embodiment, the controlled release
compasition comprises from about 3 w0 sbout 23%

accylic resin and from abott B Lo about 40% by weight 43

slipkatic alcohol by weight of the total dosage form. A
particularly preferred acrylic resin comprises Ev-
dnagit ™™ RS PM commercially available [rom Rohm
Pharmo

In the present preferred dosage form, the eatia of, 50

€. the at l=ast one hydroxyalkyl cellulose or acrylic
resin 10 the at least one aliphatic alcobol/ polyalkylene
glyco! determines, to & considerable extent, tha release
rate of the oaycodone from the formulation. A ratig of

the at Least oas hydrozyalkyl cellulose to the at lenst one 33

sliphatic alcohol/palynlkylene glycol of between 1:1
and 1:4 i preferred, with a rario of between 13 and 14
being particulacly preferred

The ot least ane polyalkylene glycol may be, for

example, polypropylene glycal or, which is preferrad, &

polyethylens glycol. The number average molecular
weight of the at leagt one polyalkylene glycal is pre-
ferred between 1000 and 13000 especially between 1300
sad 12000.

Anather suitable contralled relzase matriz would €

comprise rn alkylcellulose (especially cthy! ecllulose), s
Ci1 la Cy4aliphatic aleahal and, aptanally, a polyalkyl-
ene glyeol.

cids containing active ingredient and & sos-water solu-
ble spheronising ageat. The term spherold is known in
the pharmaceutical art snd menny a spherical greaule
baving s diameter of between 0.5 mm and 1.5 mun cipe-
cially betweea 0.9 mm and 2 mm.

The spheronising ageat may be any pharmaceutically
accepoable material that, together with the active ingre-
dient, can be apheronisad to form spheroids. Microcrys-
talling cellulase is preferred.

A suitable microcrystalline celluloae is, for example,
the material sald as Avicel PH 100 (Trade Mark, FMC
Carparation). According to o prefecred smpect of the
preasqt invention, the film costed spheroids contain
between 70% and 390 (by wt), especially between
80% and 95% (by wt), of the spheronising sgeat, epe-
cially microcryslline cellulose.

1a addition to the active ingredient and spheronising
agent, the sghergids may also contain a binder. Suitable
binders, such an low viscosity, water saluble polymen,
will be wefl known to those skilled in the phannaceut-
cal st Howeves, water saluble hydroxy lower alkyl
celiulose, soch as hydraxy prapyl cellolose, are pre-
ferved. Addidonally (or alternatively) the spheroids
may contain & water Insaluble polymer, especially sn
acrylle polymer, an acrylic copoiymer, such as 2 meth-
acrylie acid-ethyl acrylats copolymer, or ethyl cello-
lose. .

The spheroids are preferably flm coated with a mate-
rial that permits releaar of the oxycodoae {or salt) at a
controlled rale in an agucous medium, The flm cost is
chosen 50 a5 10 ackieve, in combination with the other
ingredienta, the in-vitra releage rate gutlined sbave
(betwern 12.5% aad 42.5% (by wi) release sfier 1 bour,
ee.).

The Alm coat will generally include a water insaluble
material such as

(a) a waz, cither alone or in admixiure with a fatty

alcohol,

(b) shellse or 2zip,

(c) & watsr insgluble eallulose, especially ethyl ceflu-

lose,

. (d) a palymethacrylate, especially Eudragh @®-

Preferahly, the Alm coat comprises a mixture of the
water insoluble oterial and a waler solable material.
The catio of water insoluble ta water soluble material ls
determined by, mmongst other factors, the release rate
required and the solubility charactecisties of the materi-
aly gelected,

The watsr soluble material may be, for ezample,
polyvinylpyrrolidone or, which is preferred, a water
soluble celintoss, especially hydrozypropylmethyl cel-
lulose.

Suitable combinations of water insoluble snd water
soluble materinls for the flm coat include shelac and
polyvinylpyrrolidone or, which is preferred, cthyl cal-
lulosz and hydrozypropylmethy! cellulose. -

Ia arder ta [acilltate the preparation of o solid, com-
tralled release, aral dosage form wecording to this in-

VA
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vention thete i3 pravided, in a further aspect of the
present invention, 8 proceu for the prepamtion of a
solid, cantrolled release, oral dosage form according 1o
the present inventlon contprising incorporating oxyco-
done ar & mlt thereafl in & coatrulled release matrie I
Incorporation in the matriz may be elfected, for exam-
ple, by

(a) forming granules comprising st least ane water
soluble hydroayalkyl celluloas and oaycodone ara
oxycodone mit, 1o

(b) mixing the hydraxyslkyl cellulose containing
granules with at least ons Cy2-Cyq¢ aliphutic aico-
hal, aod

(c) oplionally, comprassiog and shapiog the granules.
Preferably, the granules are formed by wet granu- "
lating the hydroxyalkyl cdlulose/ozycodone with
water. In o particularly prefarred qmbodiment of
this process, the amount of water added during the
wet granulatios siep is preferably between 1.5 aad 0
9 times, especially between .73 wad 1.5 timey, the
dry weight of the axycodone.

The present solid, controlled relesse, oral dosage

form may alio be prepared, in the form of fim coated

(2) blending s mixtuce compriging oxycodone or &
axycodane salt and & pon-water soluble spheronis-
ing agent,

{b) extruding the blended mixture to give an extrud-
ate, »

(c) spheronising the extrudate untll sphercids are
formed, and

{(d) coating the spheroids with 2 fllm coat,

The preseat solid, controlled release, ol dompe

form snd processes for its preparation will now be de- 35
scribed by way of example aaly.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The follgwing examples iUustrate various wspects of 4
the present invention. They are 3ol menat 1o be con-
strued Lo limit the claimd in Any mazner whatioever.,

i EXAMPLE |

Controlled Release Ozycodone HCY JO mg Tablets 43
Aqueous Manufactare

The required quantities of cxycodone hydrochloride,
spray-dried Iactase, and Eudragit T RS PM are trams-
fersed into an appropriatesize mizer, and mized for
approaimately 3 minutes. While the powders are mix-
ing, the mizturc iz graaulsted with enough water to
produce a moist granular mass The gracules are then
dried in u fuid bed dryer at 80" C., and then pussed
through an §-mesh screen. Tharealter, the granules are
redried and pushed through s 12-mesh screen. The
required quantity of sieary] aleohol is melted at npproxi-
mately 60°-70° C,, and while the granules are mixing,
the melied stearyt alcobol is added. The warm grunules
are returnad lo the mixer. o

The coated granules are removed from the miser and
allawed o cool. The granules are then pamed through
a 12-meh screen. The grasulate in thes lubricated by
mixing the required quantily of tale and magnetium
stearate in a suivhle blender. Tablets are compressed to &4
373 mg in weight oa 3 suitsble tobletting machine. The
farmaula for the ablats of Example [ it set forth in Table
1 below:

3,266,331
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TABLE 1
Q. = Tahivn

pureent
Compoacat 4 myg/Tabiet by wi}
Oayesdone Hydrochlarile W . 1
Lactous (spray-drind) LS n
Buiragh @RS MM 410 1+
Purifigd Witar . -
Sumryl Alogkal b Hao =
Thle 13 1
Magnesium Sigarata m 1
Tl ma 1.

"Usd = maselacson wed remalos (s Gasl prodogy u reidsal quasswy suly.

The tablets of Example 1 are then tested for dissolu-
tion via the USP Basket Methad, 17° C., 100 RPM, firnt
hour 700 m| gasuric Ouid st pH 1.2, thex chunged to 500
m| st 1.3, The results are set forth in Tuble 1 below:

TABLE 2
f Os 3 g Cowualled T

Time % Oaycodecs Disolved
1 3l
1 4.3
4 Sl
[ ] na
12 [ 11 |
1] ni
n na

EXAMPLE 2

Controlied Oxycodone HC1 10 mg Release Tablets
—Orgunic Manufacture

The roquired qusatities of caycodone hydrochloride
and spray dried lactose ure transferred into as sppropri-
ate sized mixcr and mix for approzimately € minutes.
Approximuately 40 percent of the required Eudragit
RS PM powder i dispersed in Ethapal, While the paw-
ders are mizing, the pawdent are granulated with the
dispersion and the mizing continued wtil 1 moist granu-
lar mas is formed. Addittonal ethunol is ndded I
azeded to reach granulation ead point The granulstdon
is tranaferred to & fuid bed dryer and dried &t 30° C;
and then passed through a 11-mesh screen. The remain-
ing Eudragit @ RS FM is dispersed in & wivent of 90
purts ethanol and 10 parts purified water; and sprayed
onto the granules in the fluid bed grunulator/dryer st
30" C. Next, the granulate [s pasyed through a [1-meth
xreen. The required quantity of siearyl alenhol i’
melted &t approzimotely &0°-70° C. The waan granules
are returned to the mixer. While mizlng, the meited
searyl aleohol it added. The coated granules are re-
moved fram the mixer and allowed w0 cool. Theresfter,
they are passed through a 12-mesh screen.

Next, the gragulais is lubricated by mialog the re-
quired quantities of talc and magnesium wtearate in s
suitable blander. The granulate ks thes compraszed o
129 mg tablets an a suitable tablening machine.

The formula for the tablets of Exampla 2 is set forth
in Table ] belagw:

TABLE 3
—Esrmyls of Quycedase HOY 10 ;g Comtrolied Rejausq Tubles

Parcunt

Compasent Mg/ Tablm i w)

Oaycodans hydrochloside L] L}

Lacwuw ispray-tnad) na n

Budragh @ RS PM 1340 ¥

Rhaao -

[T

>
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TABLE J-continued TABLE S-continued

Forguls of Ouycodens HEQ 10 my Costrotied Relzase Tahleu of Relsnia On 10 my T,

Parcant . puanl
Cﬂfll-: My/Table oy s} 3 Compneat /, My/Tabla (o W)
Purilled Wazar QA" -
Syl Alcyhal 500 n Touk — =
Tale 130 1 *Appronmugly JLJ ny Endrogh @) LB MO Aquayng digpursins Is squivaient s
Mopnat 129 1 1 g of Exirage @ RS 20D dey wiwtams.
Toul 125.00 g w

“ued galy In tha manalamury sad remsion i Bas pradess s rebtiel yuamily onfy,

The tablets of Example 2 are then tested for dissolu.
tion via USF Bagker Methad &t 37° C, 100 RPM, fim
hour 700 ml simulated gastric (pH 1.2) then changed to
900 ml at pH 7.5. The results are s=t forth in Table 4
below:

TABDLE 4
Dlssoludies of Osycmdana 10 mg

Comurglind Aotrus Tabisu

Howr % Diuanjved
i 319
1 a3
4 [ X}
] 1.1
1 44
] "y
7] 512

EXAMPLE }
Controlied Release Ozycodone 10 mg Tablets
(Aqueous Magufacture)

Eudragit @ RS 30D and Triacetin () are cambined
while paming though a 60 mesh screen, and mized
under low shear for approzimately 3 minutes or until a
uniform dispension is abserved.

Neaxt, suirable quantities of Ozycodane HCI, Inctose,
and povidone are placed inig 2 fluid bed granulator/d-

u

ryer (FBD) bowl, and the suspension sprayed onlo the 0

powder in the Muid bed. Aflter spraying, the grasulation
18 passed through & #12 screen if secemary o reduce
lumps. The dry granulation ix placed in & mizer.

Ia the mewntime, the' required amount of stearyl alco-
bol is melted at & temperature of approximately 10" C,
The melted stearyl alecohol & incorporaied iato the
granulation while mising. The waxed grasulation is
traasferred ta « Muid bed grapulator/dryer ar tuys and
allowed 10 cool to room temperature or below. The

L

cooled granulation is then passed throngh a #12 screen, 0

Thereafter, tha waxed graaulatian is pleced in a mixec/-
blender and Tubricated whh the required amounts of
tle snd magnesium stearnte for approximately 3 min-
utes, and then the granulate is compressed into 129 g
tablets on a suitable whletting machine.

The lormula for the tablets of Example is set forth in
Table 5 below:

TABLE §
o lonss Oa 10

pareegt
Companust Mg/ Tobilat by un)
Oaycodosy Hydrochlaride 100 Lo
Lactoss (spray dried) [ k1] 194
Povidony 14 44
Budrgi (D 13 30D {ueilds) o 0
Trimcztia @ ET ] 1.4
Suryl Alcabul pLe ] mno
Tale X | 1n
Magseinm Simrie LT T I

The blets of Exsmple J are thea tered for dissolu-
tion via the USP Bagket Mcthod at 37° C, 100 RPM,
firs hour 700ml simulated gastric Auid at pH 1.2, then
changed to 900ml at pH 7.9.

TABLE &
Dissolealas of Caycedons [0 mg
—Comeglis Relous Tubles

% Oxycadens Dissalved
a4
a3
[T ]
n:
.1
"
n?

Y ERme i’

EXAMPLES 4=

In Example 4, 30 mg controlled release oxycodone
hydrochloride tablets are prepared sccordisg to the
pracess set forth in Example L.

In Ezample 3, 10 mg controlled release oxycodane
hydrachloride tablets are prepared acconding to the
process set forth in Example 2.

Thereafter, disolution studics of the tablets of Exam-
ples 4 and 3§ are conducted at different pH levels,
oamdy, pH 1.3, 4.5, 638 and 7.5. )

The results are provided in Tables 7 and 8 below:

TABLET
Hxampla 4
Teccenuage Ouycodase HQ 0 g Tablau
Ll
pH 1 ] 4 1 12 L)

4
Id B3 4T i1a e "4 nao L
46 M4 4] @4 OO0 M4 »a 19k
Aif I L Ma NS ol L)
73 110 Mae NS me 1.1 w7 ol

TABLE 1

Ezampls 3
Puresptage Ovycodoss MO - 10 aug Tableis
Over

pH I 1 4 1 13 18 £

& ] 9y 3 s LS ul my sl
&8 ) .1 a4 T Ml %3 N
i Ky az Wl 154 ns 3 ns
74 Bl Al $1.3 [ 733 L1 ks

EXAMPLES §-11

In examples 6~11, 4 mg and [0 mg axycadana Hel
tablets were prepared according to the formulations and
methods sec forth in the saignees US PaL No
4,344,909, . .

In Example §. axycodons hydrochloride (10.00 gm)
was wet granulated with lactose monohydrate (417.3
gm) and hydraxyethyl cellulose (100.00 gm), and the
granules were sieved through a 12 meth acreen. The
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granules were then dried in & fuid bed dryer at 30° C.
and sicved through s 16 mesh screen.

Molten cetastearyl elechol (300.0 gm) was added o
the warmed oxycodone containing granules, and the
whale was mized thoroughly. The mixture was allowed
to e0ql in the air, regranulated and sieved through a 16
meth screen. .

Purified Tale (13.0 gm) and magnesium stearate (7.5
gm) were then added and mized with the granules. The
granules were then compressed lata tablets.

Example 7 is prepared in the same manner as Ezam-
ple 6; hawever, the lormnlation includes 10 mg ozyeo-
done HCl/ublet The farmulas for Examples § and 7
are set forth in Tables 9 and 10, respectively.

TABLE Y
Formuluton of Bumple §

Lagrudlent @/ tabint §/hah
Oxyoadom hydeochlorids 40 g
Laciese mesghysirue 1610 L1k A |
Hyidrupothylexfhuloe LT j*. 7]
Catoneary! alaphal 1200 xR0
Parified tale (1] 18
Magacoen Rearaie 14 13

TABLE 10

Lemmslaen of Baampla 7

Ingredient mp/ishiber g/hach
Ozyendons hydrockloride 1] 130
Laciose monchydrate 1470 4173
Hydmaysthylesllulosa 00 1008
Crmimary| aleohol 1mne p 1]
Tale &0 150
Mapnslon searwe 14 T3

In Example 1, ¢ mg oxycodone HCl controlled re-
lease wblets are prepared according to the excipient
formula cited in Example 2 of U.S. PaL Na. 4,144,909,
The method of manufacture is the same as set forth in
Eszamples 6 and 7 shove. Example 9 is preparad accord.

ing to Example 4, except that 10 mg oxycodone HCl ia 4

included per tahiet. The formulas for Ezamples § and §
are set forth in Tobles 11 and 12, respectively.
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10
mer (240.0 gm, Eudragit @) L-100-39), and the granules
were sieved through a 11 mesh screen. The grasules
were then dried in & Fluld Bed Dryer &t 30" C and
passed through a 16 mesh scresn

The warmed cxycBdone containing granules was
added molten cetostearyl alcahol (240.0 gm), and the
wkole was mized thoroughly. The mixture was allowed
to cool in the air, regranulated and sieved throogh a 1§
mesh wreen. The granules were then compressed Into
tablets.

Ezample 11 is prepared in identical fashion to Exam-
ple 10, except thai 10 mg oxycodone HCI is included
per tablet. The formulations for Examples 10 and 11 are
set forth in Tables 13 and 14, respectively.

TABLE 13
- Jurmyluion of Exsmply 10

Lagradlest mg/ nhlet 3k
Chyendons Eydrochionids [} e
Lacxone mesoirpdenis 00 pL-1)
Hydmaysthylcaltuloss 100 LT ]
Methacrylle aciet copalymer xno %0
Cownaryl alcabal oo 140

TABLE 14

Formalataa of Esample 1]

lagrochant mp/ubla /batch
Oxycadeun hydrochlocide 0o ma
Lacooms masehydrais na 403
Hydmayethyicelinloss 108 [ T]
Muhacrylic wid copalymer »a 400
Catosenryl aleghal p 1] wan

Neat, dissolution studies were condusted on the tab-
lets of Examples 6-11 waing the USP basket method as
described in the U.S. Pharmacopoeia 3XII (1990). The
wpeed was 100 rpm, the medium was simulated gastric
fluid for the firx hour fallowed by simulated intestinal
fluid thereafter, at & tempernture af 37° C. Results are
given in Table 13.

TABLE 13
TABLE 11 D LoN IES O MPLES &
Farmulatjon of Esample ¥ o Tima D Di
Ingrediant mp/able bk the) Exé Eao? Exl Ba 9 Bz 10 B 11
Oaysadana hrydmchiarids 40 T 1 3 138wl oW n oy
Ashydrans Lactase 1.0 aws P TV I R X R e 14
Hydrasyethylcaliulow 1a 50 ¢ 19 w4 wa 04 & Ml
Cnouaryl T ] so 1 713 71 a7 g oo 70y
Lo 1o 0 11 W7 M5 %1 lmo 9.+ 100.0
Magonesium wersn M 14
TABLE 12 EXAMPLES 11-14
- ke § " Clinical Swdies
Ingredient my/ kit Voak In Eaampley 12 14, randamized crossover bicavails-
Oxymdana hydrochlonds l:l’l.: ‘ﬁ.lll bility studiet were conducted amploying the farauls-
a“""' ""-M‘_' re tea ton of Examples 1 {(organic manufacture) asd 3 (squs-
Crtostauryi alenbal %00 a0 ous manufacrure).
Tale &0 1 & la Bzample 12, a single dose fast/fed study was con-
Mipreiun sesrzie 1D 13 ducted an 24 subjects with oxycodons tablets prepared

la Example 10, axycodone 4 mg controlled release
tablets are prepared with the same excipient formuls
cited in Ezampie 3 of U.S. Pat. No. 4,844,909,

Ozycodoene hydrochloride (32.0 pm) was wet granu-
[ated with lactose monohydraie (240.0 gm) hydroxy-
ethyl cellulose (80.0 gm) and methacrylic acld copoly-

aecording ta Easmple 3.

In Example 1), o steady-state study was conducted an
13 subjects after 11 hours with oaycqdoase tableu pre-
pared accordiag to Example 1, and compared 108 I mg
axycodone immediste-relesss solution.

1n Example 14, a single dose study was coaducted on
§ sshjects with 2% 10 mg axycadones wbiets prepured

(9§
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according to Examples 1 and J, respectively, compured
to & 20 mg axycodone immedisza release salution.

In Example 13, a single dose study was conducted on
11 subjects wing oaycudane tahlets prepaced secording
to Example ), and compared to 3 10mg oxycodane
immediate release solution

1n Example 16, » 12 subject dingledase study waa
canducted wing 3 X lOmg axycodoue tablets preparsd
according to Eaample 3, and compsered to a J0mg ax-
ycodone immediate relesss solution.

The resulis of Examples 1216 are sat forth in Table
16

TABLE 14
N AUC Caman Tou
Raample  Deage el apm hr
12 10 mg CR Fant a &l b1 |
WagCR Fud [} iA} 14
13 3 mg IR gib 1 17 11
10 mg CR qlZh [} ] 17 a
14 Wag i i " 13
1% 10 mg CR ur 10 31
IR0 CR n 14 15
1 M mg IR ] n 14
1x 10mg CR 1 n p ¥ )
18 Nmg i 13 13
IXNNmgCR 150 1 s
] g CR m L] 19
18 desmn sumediaie-ralasss mxyamiag pbvilen.
CA densaps comtrafind -relanie i

The examples provided sbove are oot meant to be 1
ezclusive, Many other voriations of the present m;en-
tion would be cbvious to those skilled ia the art, and sre
contemplated to bs within the scope of the appeaded
clalm.

What is claimed is:

1. A solid, controlled release, oral dosage form, the
dosage fom comprising an luluuﬂlly effective
amaunt af gxycodane ar a mit thereal in & matrix
wherein the dissolutiaa rate in vitro of the dasags forro,
when measured by the USP Paddle Methad st 100 rpma
at 900 ! aqoecus buffer (pH between 1.6 and 7.2) ax 17*
C. is between 12.5% und 42.3% (by wt) cayendona
released after 1 hour, between 3% and 33% (by wi)
oxycodone released after 2 hours, between 43% and
74% (by wi) oaycodone releascd afier 4 houry and
between 33% and IS% {by wt} oaycodone released
after § haury, the ia vitro release rate being independent
of pH betwesn pH 1.6 and 7.2 and chosen such that the
peak plasma level of oxyeadoae abimined ia viva occurs
between 2 and 4 bours afier sdminptration of tha das-
age form.

2 A dosage form according to claim | wherein the in
vitro dissolution yute is between 17.5% and 18% (by wi)
oaycodons relemsed aftar 1 howr, between 30% and
40% (by wt) axycodone released after 1 hours, betweea
30% and 70% (hy wt) onyeodane released after 4 hounn
snd betweea 60% and 30% (by wt) oxycodons relessed
after § hours.

3. A dosage form accordlag to clalm 2 wherein the ia

vitro dissolution rate iy between 17.1% and 12.3% (by &

wt) axycodone relensad after | hour, batween 35% and
43% (by wt) oxycodons released afier 2 hours, betweea
$3% and £5% (by wt) caycodone released after 4 hours
and between 639 and T5% (by wr) axycodone released
after § hours.

4. A dosage form according to claim 1 whereln the
peak plasma level of caycodane occurs berweesn 1.13
and 1.75 hours after administration of the dosage form.

5,266,331
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5. A domage form acvording to claim I wherels &
therapeutically effective amount of an oaycodons mit
compriset betwees 1 and 30 mg of oxyeodone hydro-
chloride. /

5 & A dosage form acsarding to clalm 1 wharein &
therapeutically effective mnount of an osycodone salt
comprises between 2 and 40 mg of oxycodone hydmo-
chloride.

7. A solid conirolled relesse ora] dosage form, com-

I¢ prising an unalgesically

{a) effective amount of oxycodone or » salt thereof:
{b) an elfective amoust of & cantrulled release mateix
selected from the group consisting of hydsophilic
polymers, hydraphobic polymers, digestible substi-

15 tuted or uasubstinuied hydrocarbons haviag from

about 93 to about 50 carbon atoms, and polyalkyl-
ene glycals; uad

(c) a suitable amoumt of s suitable pharmaceutical
diluent, wherein naid compotition provides an in

n viro dimclution rate of the dosage form when

mensured by the USP Paddle Method at 100 rpm at

900 ml aqueaus buffer (pH betwean 1.6 aad 7.2} at

17" C. isbetween 12.9% and 41.5% (by wi) oayco-

done released after | hour, between 23% and $3%

1 (by wt) ozycodone releasad after 1 Bours, between

43% and 73% (by wt) czycodane relessed sfter 4

honrs and barween 339 and 33% (by wt) oxyco-

done released after § houry, the in vitro release rate

being independent of pH between pH 1.6 and 72

aad chosen such that the pesk plosma level of ox-

" yeodona cbtained in vivo occurs between 1 and 4
bours after administration of the domge form.

& The coavolled release composition of claim 7,

whereln aaid controlled relesse matriz comprises an

33 acrylic resin.

9. The controlled relesse composition of claim 8
which contains fram sbout 2 to about 30 mg of oxyco-
done hydrochloride.

I0. A solid cosnualled release aral dasage form, com-
prizing

{2) an unaigesically effective amount of spheroids

comprising otycodane or a salt thereof and cithera
spheronising agent or an acrylic polymer or co-

palymer;

“ (b)ali.!mm; which controls the rel:ueul‘:lle
azycodane or axycadone salt at & controlled rata ia
an aqueois medium, wherein sald composition
pravides an in vitra dissolution rate af the dosage
form; and

30 (<) & mitblc smount of s suisble pharmaceutical
diluent, wherein mid composition provides an in
vira dissolution oate of the dosage form when
mumsured by the USP Puddle Method at 100 rpm at
900 mi squeons bulfer (pH between 1.6 and 7.2) at

53 17 C. between 12.3% and 41.39% (by wt) azyco-

done released after | hour, between 23% und 35%

{by wr) axycodane releaged after 1 hours, between

43% and 75% (by wt) caycodone released afier 4

hours and between 35% and $3% (by wt) axyco-

done relaased after & hours, the in vitra celesse ute

being indopendent of pH between pH 1.6 aad 7.2

and choten yuch that the peak plasma lovel of o2-

yeodone chisined ia vivo occurs betwesn 1 and 4

hours sfier administration of the dosage form.

& 1L The controlied release compesition of claim 10,

wherein 1aid fim coating comprises & water insaluble
material selected from the group consisting of shellac or
Zein, » watar msoluble cellulose, or 3 polymethacTylate.

(06
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12. The controlled release compuaition of claim 11,
which contains (rom about 2 w about 30 mg of oxyen-
done hydrochloride.

13. A cantrolled release wblet for ol sdministration
comprising an analgesically effective amount of axyce-
done or an oxycodons salt dispersed in a controlled
relense marsiz, comprising

from abaut 3% 10 about 25% of an acTylic resin and

from about 8% to sbaut 40% of st lcast one ali-
phatic alcabal of 12-36 carbon atama, by weight,
wherein the dissolation rate in vitro of the dosage
form, when messured by the USP Paddle Methad
at 100 rpm ut 900 ml aquecus buffer (pH between
1.6 and 7.2) a1 37* C is between 12.5% and 42.5%
(by wt) oxycodone released afier 1 hour, between
23% and 33% (by wt) caycodooe relcased after 2
bours, betwean 43% and 75% (by wt) ozycodone
released after 4 hours and betwesn 335% aad 3%
{by wt) axycodone released after § bours, the in
vitro release rate being independent of pH betwoen
pH 1.6 and 7.2 and chasen such that the peak
plasma level of axycodane abtained it vivo accun
beiween 1 and 4 hours afier sdminisiration of the
dosage form.

I4. A process for the prepamtion of a solid, con.
waled celesse, oral dosage form comprising

incorporating an anaigesically effective amount of

oxycadone or & salt thereof in a controlled relanye
matrix comprising from about 3% o about 2% of
an acrylic resin aad from about 3% to sbout 40%
of ar least one aliphatic alcohol of 12-36 carban
atoms, by weight,

wherein the dissolution rate in vitro of the dosage

form, when messured by the USP Paddle Methad

5,266,331
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of 100 rpm in 900 ml agueous dulfer (pH between
1.6 and 7.2) at 37° C. s betwesn 13% and 60% (by
weight) oxycodone relase after [ hour, between
41% and 0% }by weight) ozycodone relcased
after 1 houry, bepween 50% and 90% (by weight)
oaycodane released after 3 hours, and between
% and 100% (by weight) oxycadooe teleased
after 4 hours, the in vitro relesse raze being inde-
pendent of pH between 1.& and 7.2 and chosen such
, that the peakk plasma level of oaycodons obtainsd
in vivo occurs between 2 and 4 houry after adminis-
tration of the dosmge form.
15. The procems of claim 14, further comprising
wet grunulsting aid czycodone or & salt thereof with
said acrylic retin in aleohol o form 3 granutate
thereof;

adding said at least aze aliphatic aicohol ix & substan-

tially liquid srate t0 said gronulmts to obtain coated
gaoules, and

compressing and shaping the granules

16, The process of claim 14, further comprising

wet granulating mid axycodane gr a sal¢ therenf with

said nerylie resin in waler to form 8 granulate
thereol:

adding wid at least ane aliphatic slcohal in & subsan.

tally liquid state to said granulats to obtain coated
Branules; and

campressing and shapiog the granules,

17. The pracess of ciaim 16, wherzin a portion of sid
acrylic resin s dispersed in o gyitable solvenr wad
tprayed oato said graaulate prior to addiog sid at least
one alipharic alcohal

oA
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57 ABSTRACT

This igvention relaizs o » method of sclertively enbanting
the analgesic potency of morphine and other clinically used
bimodally-acting opioid agonin and simultaneonsty stteu-
ating development of physical dependeace, toleranee mnd
other undesimble side-effects cansed by tha chronic admis-
istrution of asid bimodolly-acting opiold sgonista campris-
mhmdmmhumnnoflmuymomiw-
oigt which activaiey iohibitocy opicid receproc-medioed
funcrions of oerons in tha nocicaptive (paic) pathways of
numulyumadmopudmmmmwm
selectively inactivates excitatory opicld

side-ffiects caused by anid himodally-acting opicid agonists.
MEMdmmmmmlndndofmmlmd
um;uﬁmuﬂmudim;mmdmm
nistg, aswell o a nmpnnunn comprising an excimory
opicid receptor antagoaist of the inveation aed & himodally-
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METHOD OF SIMULTANEOUSLY
ENHANCING ANALGESIC FOTENCY AND
ATTENUATING DEPENDENCE LIABILITY

CAUSED BY MORPHINE AND OTHER
OPIOID AGONISTS

STATEMENT OF GOYERNMENT INTEREST

‘Thias invention was made with government suppore under
NIDA research grant sumber DA 02031, As such, the
government has certain fights in the invention.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Application is a Continustion-In-Part of application
Ser. No. 07/947,600 8led Sep. 19, 1992, aow sbusdoned,
entided A METHOD OF IDENTIFICATION OF NON-
ADDICTIVE OPIOID ANALGESICS AND THE USE OF
SAID ANALGESICS FOR TREATMENT OF QPIOID
ADDICTION.

FIELD OF THE INVENTION

This invention relntes 1o a method of cohancing the
annigesic (inhibitory) cffocts of bimodally-acting oploid
agonisma, including morphine snd other dmlully used
opioid annigesics, whils at the seme tima aol-
analgesic effects, physical dependence, tolemnce, hypores-
citahility, hyperalgesin, and other uadetirable
side-effccts typtaﬂyuudhyﬂm:u:ofblmﬁﬂy—
acting opioid sgoniats. As used herein, the tem “opiold”
refens 10 compounds w&hbﬁmlpeuﬁcomrnplm
and have agooix (activadon) or antagonist (insetivation)
affests a these receptory, such as opiold dioileids, including
the sgonist morphine and the mtzgopint saloxons, and
apioid peptides, inchuling enkephaling and dynorphine. As
uied bherein, the term “opiate” rofers to drugs degived fom
opium or related anslogs.

In the instant icvention, a selective excitanry opinid
recaplor antagonist iy combinsed with u reduced dose of &
bimodally-acting opinid agonist so as to alicit the dagired
degree of analgesia (inhfhitory effects) and sitepusts undes-
Ired side-effects (excltuocy effects). Opioid analgesiz results
from uctivation (by cpioid agonists) of ishiliory opicid
receptors oo nevroas in the nocicepdve (pain) pathweya of
the perigheral sad central servous sysicma, The wxlesirabla
sie-effects, including anti-analgeic actions, the davelop-
ment of physieal dependence, some types of tolerance,
hyperexcitohility and byperlgesla, resylt from wustzined
octivation (by bimodully-acting oplold myonists) of exelta-
tory apioid recoptons 09 neurons in the nociceptive (pain)
pathways of tha peripheral and centrn] nervous systems. The
adminisiration of sclective cicitatory receptor actagonists
together with bimodally-acting opiold aganists enhances
analgetic effects caused by said opioids and mteouates the
davelopment of physical dependence, tolorance and other
undesicable sids-effects which are alsa caused by said opio-
ids. In addition, comhined me of the oploid recsptor antngo-
nists pnd agoaists of te invention can be used for more
affective detoxification and tresrment of opiate addicts.

RACKGROUND OF THE INVENTION
Marphine or other bimodally-scting opicid agonisty are
administered o relieve severc pain due to the facs that they
hava analgesic effecty medinted by their scdvation of inhihi-
tory opioid receptors oz aociceptive neurons (see Narth,

L)

2
Trendr Neuroxci., Vol. 9, pp. 114-117 (1986) mnd Cruin end
Shen, Trends Pharmavol. Sci., Vol 11, pp. 77-81 (1990)).
However, bimodally-acting oplold agonists dlso activalg
opioid axcitatery recepton o aociceptive aeurons, which
muuhuﬂﬂemofulﬂupﬂhndmﬂu
in the development df therron amd
increnzed tolemace thereto (see Shen and Crain, Brain Rer.,
Vol. 397, pp. 7483 (1992)), as well as hyperexcitability,
hypealgerin and other undesimble (excitatory) side-alfects.
A 1 remult, & long-standing need has existed to develop a
mﬁhndufhlhuhndn.huﬂmﬂnhhlm)m
of bimodally-acting opioid sgonlsts aad limiting the unde-
mni.m (excitatory) ride-ciieets caused by soch agioid ago-

The parent Pateat Application for the Instant inventdon,
Sec. No. 07847,690, relaney %o 2 specific group of opicid
sgoains for uie o8 low/oon-addictive analgesics and for the
mmdnﬁdddﬂ;ﬂmhhmAwhmnu
wtneed that this group of opioid agonins (which includes
mmmmmumwm:umw-
tacy bat pol excltatocy opicid receptors. (Io cootrast, maoc-

phine and most ather opigid alkaloids and pegtidey elicit *

bimodal efects by binding o and activating both excimtory
and inhihitwory opigid receptora)

To date, np method has besn discovered or developed
wherelly two opiaid eompounds are administered, ooz of
which binds to and activates inhibitary opioid recepuorn to
cause analpesin and the other of which binds to and inacd-
vaizs excitamcy opicid recopinr so as to aeouan andesir.
able sids-cffects cused by the admindstration of bimodally-
acting opinid agonists while simuitsaecusly enhancisg the
analgesic effects of asid bimodnlly-scting apinid ngonists

It la thereforn 32 gbject of this inveariou to provide n
method of eshancing the ansigesic potency of morphine and
other bimpdally-acting opinid agonists by blocking their
ast-analgesic side-cffects.

It is & Rerther object of this iaveation o provide & method
of attenparing physical dependeace, tolerance, hypm:-
sbillty, hyperalgesls and other undesirable side-cffects
cused by the chyonic administration of bimodally-acting
opioid agonists. .

It is onother object of this invention o provids & method
for detnxifying and treating opiate sddicts wilizing exci-
tory oploid receptor anmgonists.

It is yet another chiect of this inventios to provide &
composilipn which enhogces the analgesic effects of bimo-
dully-acting opioid agunists while simylaneougly agemiat-
ing undegimble side-affects cmsed by said opicid sgomiata,
including physical dependenee, tolemnce, hyperexcitability
and hyperaigests

It is wiill & fucther object ol this inveation w provide &
composition which is useful for detoatfication and treotment
of opiate addiers.

SUMMARY OF THE INVENTION

Thia invention fs directed to ¢ mathod af seleetlvely
mmm«mumm

bimndally -acting opioid agonists  and simuloinagusly sienu- ’

ating undesimahle alde-effects, including physical depen-
dence, causad by the chionic admipistmrion of asid opisld
mblwphn:udmﬁnndlﬂym(lg!w
excitatory) opioid agonists bind to and activate ichibitory
uwd excitatory oploid recepiory on oociceptive newruns

medinting pain. Activatlon of fnhibitory receptors by said

agogista causes onalgmia. Activation of excitatory recepion
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by snid agonists cesulty in anti-aoaigesic effects, develog-
ment of physical dependence, tolemance, Ryperexcitahitity,
byperaigesin and other uadesirble alde-efects. The co-
administration of an opicid antagonist which binds to and
inactivates axcitatory oplald meeptnr reaults in the blocking
of axcitaiory noti-anclgesic side-cifects of said oploid ago-
nists on these aeurons, thereby resulting ia eahaaced anal-
jesic potency which permits the wse of lower doses of
morphine or other conventional opiold analgesica.

The excitatory oploid recepror antagonists of the fnven-
tion include etorphine, dihydroetorphine, dprenorphine and
similorly acting opioid alkaloids and opicid peptides, The
apioid agosista of the invention include morphine or other
birnodatly-aeting (Lohibitary/excitucry) opioid slimolds or
opmdpepndudmlmu:hmulmumllm includ-
ing codeine, featanyl analogs and endorphina,

In additin, combinations of o excitatory apisid receptor
mmtmdmhmormﬂummmnﬂhmdﬂy-
r.u.ng opicid anglgesic am be wed 1o detoxily amd Lreat
opinte addico

DESCRIPTION OF THE DRAWINGS

The shave briel descsiption, ae well ag Suther objects and
featres of the preseat inveniion, will be more fully under-
swod by ceferenca o the following demiled description of
the prescarly preferred, albeil Musmtive, cmbodimenta of
the peesent invention when tiken in conjuccton with the
accompanying dmwings wherein:

FIG. 1 represents the direct inhibitary effect of etocphine
on the action portential duration (APD) of sensory neurans
and the blocking cffect of aarphive on the excitwary
rexponse (APD prolongation) cliciied by morphina, Acute
lpplmn af low (pM-oM) conreatrations of etorphine to
naive dorsal mot ganglion (DRG) ncurons clicits dose.
dependent, aaloxace-reveratble inhibitory shortening af the
APD, In contrast, morphioe snd other bimodally-acting
opinid lll:lullll elicit excitatory APD prolongation at these
low eoocentrations which can be aelectivaly blocked by
<pM levels of ewrphine;

FIG. 2 representy doae-response curves of diffcrent opio-
ids, showing thai etorphine and hina elicit anly
inhibitory dnse-depeadent aboricning of the APD of DRG
neurons st all eonceatrations tested (fM-pM). [n coatrast,
dynorphin A (as well as morphine and other himndally-
acting agioids) elicits dose-dapendent cxcliatory APD pro-
langetion a2 low cancertentions (fiv-abd) snd requires ouch
higher concentmtions {(about 0.1-1 JM) to shortea the APD,
therchy rasultng in & bell-shaped dase-reaponse curve;

F1G. 3is comprised of FIG. JA axd 3B, and repreacats the
selective blocking of excititory APD-pralonging effects
membmgmby&mn
of u Iow (pM) concentration of diprenorphine, thereby
uamasking pnmdme-dnpend:ntmhibmry APD shorten-
ing bry fow concentrations of mocphine;

* FIG. 4 wpreseu the blocking of supersamsitive excitn-
tory APD-proleaging effect of DRG osurons after chromle
morphine exposure by tha excitalary opicid receptor sntago-
nist, corphine, Alfter cluonic exposure o morphine or other
bimodally-ncting opipids, DRG neurany become supersen-
siive w the exciimary APD prolonging effects of these
oploida, whereas storphine becomes cven more cffccive 1o
elicling inhibltory shartening of the APD of tha same DRG
peutons when tested in the presescs of the chonle oplotd.
The apparent echancement lu ighibitory poteacy of etor
phine on chronic morphinerealed nmzmns is duc 1o the

4

mdlmhmmmeﬂmﬂmm
fallowing eworphine-antagonist action at exeitaary oploid
cecegton;

FIG. § rcpresenis the blocking effect of storphioe an
naloxone-precipitaned excltstory APD prolongetion of DRG
neucons after chronié exposum to mocphine or otber biso-
dally-acting apinids, Acuta applicstion of low concenia-
tioes of ctorphins can dosc-dependenty block the excitaiory
APD-prolonging effects of calaxone on thess aperensitive
DRG aeuroas; and

Hﬁ.ﬁwlﬁ:nhdnyofmphumehmm-
tained I.nhlblmq cifects without eausing superseasitivity
and tolerancs in DRO ueurcos efter chromic tmatment,
Chmnicupumofelorphlu(nhl)mblﬁmdldm
elicit superseasitive excitsiory responscs (APD prolonga-
tion) to low teat concenteations of dynocphin A (1-13) sad
raloxone oot did these cella davelog tolemoce to the inhibi-
meﬂnmurmwn:nrmwlnldlpmu

DETALLED DESCRIPTION OF THE
INVENTION

Thias invention is directed o 2 method of selectively
mthancing the analgesic effect cussed by the administration
of a bimodally-acting opioid agonist ond simultazecusly
altennating nndesirehle side-affects conacd by the chronis
sdminigration of sald bimodslly-acting wlnld :gmllu.

* This is performed by simultanemuly inactivatiog exsitatary

oﬁddmnﬁhﬂhmudmmhm
ceptive (pain) pathways and mwm; Inhibitory opioid
recoptar-medineed functions of m:pim oeurans, A
bimodally-ncting op:o:d agonist aad an excitanxy opiold
receptor antsgonist are co-administered. The bimodally-

acting opinid agomist binds to Inhibiory recepiors on oeci-

ceptive neurons so as to activars ichibitory opicid receptor-
medinted functions, including anstgesiz, and concomitantly
activazea excitalory oploid recepton on nociceptive cewros.
The excitatary apiold receptor satagonist binds to excitatory
receptors on sald reurons aod thereby inactivaies excitatory
wwmmmmmm
effects, phyaical dependance ond tolerance to the opioul
agonix, hypenuluhdiqudhypllmlnlddldm.h
lovenion is dimcied to the was of sald excitatory opicid
recepur aneagonists and aploid sgonists ta devaxily und creat
opiate addicts. Purther, this iavention ia direcied to & com-
pnmmmhmlnunmnpxodmupwmmﬂ
snd a bimodally-acting opicld agonist.

The inventors bave discovared that certain compoundas act
»s excitatory opioid recepior antagoniats, that ia, they hind to
snd inactivate exeitatory apioid receptors oa neuroas la the
pain pathwnys. The excitarory opioid receplor anmganian of
u:clnvmnu:mlmblyulm&nmn-mpcm-
sisting of ctorphine, dihydroetosphine and dip:mphm
The opiold recepeor antogonista of the tavention inectivaie
oy, delen, kappa and orher subtypes of excltlory oplald
mmmmymhumhllmmﬁ:umh
etorphina and dihydroetorphine have vexy simiar chemical
muﬂmmuhmnﬂlﬂlﬂm
selectively activam inhhitory but ao. excltatocy opicid
receptons (see Shen and Crain, unhmyrqmdu mpmu

chamizal stucture than etorphine und dihydroctorphine and
hubunuuﬂnuﬂymﬂudmnulmvmdw
e e T

excitamey receptocs {sce rain
Rax, Vol. 491, pp. 227-242 (1929)). Nevertheleas, these
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three compounds are all enpehle of selecdvely bindlag o
and inactivarieg excitatocy opioid receptors on nociceptive
geurons when administened at low concemrations,

The blmodally-acting opicid agonista of this invention

preferably include morphine, codeine, fentanyl asalogs,
mm:.udmmmmuamm
Typically, the opioid agenists of the laveadon are mmi, delta,
kappa or epsflon opioid receptor oponists, and are capable of
binding w inhibirry oploid receptors on nsurons in the paln
pabway, When thess bimodally-acting aganina bind to
inhibilory opicid receptors, they thereby octivae inhibitery
oploid receptor-mediated functions, including anolgesia,

Az discussed below, the {nventors have discovered that
centain compounds (the excltary oploid receptor utago-
nists of the invention), whes co-sdministered with bimod.-
ally-actng opioid agoaists, are capabla at very low dosages
of enhancing the analgesic effects of tha bimadnlly-acting
apioid ngonists at least 10-1000 fold by inactivaling exd-
tatory anti-analgesic side-efecty of said agoniss. In addi-
tion, the excitalory opioid receptor antagonists of the inven-
tiog inactivan: ather excitatory receptor-medinted functions,
and therehy reduce the undesiroble side-elfects couged by
snid opioid agoniste, including development of physical
dependence, taleraace tn the oplaid agoniss, byperexcit-
ability and hyperalgesia. In addition, the sxzimtecy opinid
receptor patagonists of the inveation'may be administered to
detoxify and treat opiata addicts.

Ondinnrily, bimndally-acting ogioid agonisg are sdmin-
Iatered clinically In pill form ond are adminintered io milli-
mndmam!yno—admnlmuluwdd]y—uﬁnlw
agonists with the excliatary opioid teceptor antagonists of
the invention, it is possible to achieve an annlgesic effect
with 10-1000 imes lower doses of the bimodally-acting
opioid agonist than when said opioid agonist is admiristered
aione. This is because the excitainry opicid receptor untago-
nists of the invention cahancs the analgesic cifecty of the
bimodally-acting opicid sgonists by attenuating the entl-
anpigesic excitatory side-cffects of sald opinid agoaiats
Hence, bimodally-acticg oploid agoaiss which xre admin-
istered with the excitatory opioid receptor sniagonists of the
invantion are administered in on amount [0-1000 tdoes [aas
than the amou of that bimsdally-acting opicid sgoniat
which has Lypically been administeced for analgesia,

According o tha present inventio, tha dose of excituory
opinid receptor ist to be administered is 10-1000
times lesa than the dose of bimodally-acing oploid ngonist
to be adminisered, for example, <! micmgram of aid
anuagonist together with 10--100 micrograma of anid agonist.
These estimates of dosages wre bosed on smudles of neumns
in culture. The excitatory opioid ceceptor antagoaists, as
woll as the oploid agonists, can be administered suhblin-
gually, inamuscularly, subculascously or intravencously.

The co-adminisirmion of the copioid agonists and exclia-
tocy oploid receptor antagonists of the invenlion gimulm.
nemuly activales inhihitory fusctions of aociceptive neu-
Toms in the poin pathway and insctivates excitatecy functiong
of the same or other nociceptive namons. In onder o
demonstrate this, dectrophyziologic sadies on the effects of
opioids on puuse sansory doral root gasghion neyrons in
tsane cultures were performed. It i shown below that this
bimodal moculation is medinted by activating putative exci-
meory oploid recepeors In addition to previously cheracter-
ized inhihitory opicid receplon 0a seasory eaone.

It iy shown that &t low pM-oM concemtions, neardy oll
opioids, Including wmorphine, enkephaline, dynorphing,
endorphina and apecific mu, dolta and knppe opinld agosists,

6
olick anloxoas-raveryible dose excitaiory effeets
manifested by prolongation of tha calcium-dependent com-
ponent of the action potential durerion (APD) of domal rat
gaoglia (DRQG) neqrons, Ia contrust, the mme oplolds geo-
mﬂydh:mhhlmﬂnmmmmw
& higher coocenrratiops (0.1-1 pM).

The excitatory opioid cffects oo sessory neurns have
been showa to be mediated by opicid receptors that are
coupled vie a cholers-loxin-senstive simutlatory Gl'l'-hmd.-
ing protein, G, to sdenylate cycluse/cyclic AdP/protein
kinue A t ionic condustances tht prolomg e
APD (resembling, for beta-sdrenergic racaptors).
(See Crain sad Shea, Trends Pharmacol Sci., Val. 11, pp.
T1-81 (1990)). Qa tha other hand, inhibitory opiaid effects
ae medined by opiold receptors thar ars coupled vis
pertussis toxin-ensitive inhibitory G proteing: Gi to the
adenylate cyclasc/eyclic AMP rystem and Go to ionic con-
ductonces that shogten the APD (resembling, for crample,
alpha.-pdrenerpic receptor). Shortening by opinids of the
actlon potential of primary seasory aeurnns has generally
been comaidered ta be & usclal mode! of their inhibition of
clcinm influx and transmitier release At prevynspic termi-
ealy in the doranl spinal cond, thereby acenunting for apinid-
induced analgesin in vivo. (Seo North, Trands Newrosel,
Vol. 9, pp. 114117 (1986) and Cmin aod Shen, Trendr
Pharmarol. Sei,, Vol 11, pp. T7-41 (1990)). Similarly, the
deiayed cepolarizardon associnted with the obscrved oploid-
indaced prolongacioa of action potentisl has heen interpreted
as ovidence of emcilatory effects of oplaids oo aensory
neurons that may resuit in enhanced calciem loflux and
imnsoicer relsass & poeaynaptic terminols, This eculd
account foc some typea of byperuigesia sod byperexcitatocy
staiey elicited by opicids la vivo (sce Crain nad Shen, Trendr
Pharmacol Sei, Vol. 11, pp. 77-81 (1990) and Shen and
Craln, 8rain Rer., Val. 491, pp. 227-242 (1989).

Chroaic treatment of DRO ncuroos with typical bimod-
dly-lchns (excitatoryfinkibitory) opioids (eg. 1 pM
D-ala’.D-lcu? enkeghalin (DADLE) or morphine for 1
week) resalis in twolerance m the usual inhdbitory APD-
shortening effects of high concentmiions of these opioids
aud supemseruitivity ® the excliory APD-prolonging
elect of these opioid agonists, ws well as the opioid
antagouist, saloxone (sce Crain and Shea, Brain Res., Yol.
573, pp- 13-24 (1992) and Shec and Crain, Srain Rer., VoL
597, pp. 74-33 (1952)). &t hus been suggeated that the lomer
electroghysialogic cffects and celated binchemical adepo-
tions are cellulor moni featations nf physicul dependence tha
may underlic some aspects of oplate addiction (see Shea and
Crala, Broin Rer., Vol. 597, pp. 74-83 (1952) snd Terwill-
iger & ul., Brain Rex., Vol. 548, pp. 100-110 (1991)).

In coutraxt to bimodally-acting opioids, It fas been dis-
covered by the mventocs that the opicid alkaloids, esarphine
(lﬂlmlkguﬂﬂudy.ru: Cham. Soc.. gp. 220 (1963))

and dibydroetorphing (sec Bentley and Hamly, J. Amex
Cham, Sac., Val. B9, pp. 1281-3286 (1967)) uniqualy elicit
dote-dependent, maloaoan-reversibls inhibitory effects on
seusory newrons in DRG-apinal cord explants, svea ar con-
centratinos as low ay | pM, and show po excitstory effecty
2t lower concentrations (1ce Shea and Crain, Regulatory
Peptides, in press (1993)). I addition, these potent inhibl-
tory opicid receplor agonista alsa display unaxpected
ontagonist affects of excltntory opioid receptoms en DRG
mmmmumammgmmwilhmﬂm
or dibydmetnrphine, a low concenirstions (<pM) which ds
oot alter the APD, block the excitstory APD-pralonging
chdmmmmmmﬂlyﬂumopmw
wnnusk inbibitocy APD-shactening effecta which aarmally
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cequire much higher conceatrations. The poteat inhibinory
ll'u:mfunrphm: and dihydroetorphine may be dos to thelr
aclective activation of Inhibitocy oplold recegior-mediated
functiony whila simultancously ioactivatlag excitatory
opiold recepeor-medinted fuscrioos lo sensory peuroos In
conuast, bimodally-acting opioidy activate high-effinity
excimtory aa well as inbibitory opicid receptors on DRG
aeurona, thereby decressing the net lakibitory efectivensas
of these agonists, resembling the attemuation of the inhibi-
tary patency of systemic morphine by the “actl-andlgesic™
(excitatory} affect of dynorphin A release in apinal cond in
mice {sec Fujimoto ot al, Neumpharmacol., Vol. 29, pp.
809-617, (1990)).

Acute spolicazion of pM-oM etorphine ar dihydmetor-
phine to chronic M morphine-trexted DRG neurans elicited
marked APD shortening (as in noive cells) even when added
during nsloxone-precipitated APD-prolongmtion in these
scasitized cetls, whereas 10 uM morphine or DADLE wete
{neffective and la contmat elicited 1 maded APD prolan-
gution. These potent inhibitoey effects of etorphine and
dihydroctorphing on the ction poteatial of chronic mor-
phine-treated sensory Aeurons show remerikoble mimicry of
the mapid DHE-induced blockade of maloxons-evoked with-
drawal syndromes is opinte-addieted snimals and humans
(se= Wang et ul, Chinese J. Pharmacal, Toxicol., Val. 6, pp.
36-40 (1592) and Qln, Chinase J. Pharmacol. Texicol., Vol.
6 (1592)) and the absence of croas-tolerance ta etocphine in
chroolc mocphinetreated mice evsn when the analgeric
ED5D for marphine had increased 15-fold (sce Lange &z ul.,
Toxicol Appliad Pharmacal., Vol 34, pp. 177-186 (1980)).
Furthacmare, chronie treatment of DRG narnas with 10 oM
etorphine for >1 week did oot resull in ogioid excitxtory
supersensilivity, Le, APD prolongntiva following acute
applicition of IM dyaarphin A (1~13) or aM nalexone, sor
tolerunce o opioid inkibitary effects, 1)l of which occur after
chronic treatment with bimodolly-acting opigids, eg..
DADLE or marphipe (seg Cruia and Shen, Brain Res., Vol
575, pp. 13-24 (1997) and Shen and Crain, Braia Res., Vol.
597, pp. 74-83 {1992)).

In vitro studiei on scosory meurors mupgesed that an
opioid which can sclectively octivate iahibitory, and [nacti.
vite excitalory, opioid receptor functions would be a unique
analgesic in vivo wih high potency, low depeadencs liahil-
iry, nad usefyl for teatment of opints addicts.

EXAMPLE 1

Ezoxcphine And Dihydroetorphine Act As Patent
Selective Antagonists At Excipnory Opinid
Receptors On DRG Neurons Thereby Enhancing
Inhibitory Effects OF Bimodally-Acting Opiaid

Agortlany

Methods: Tlmupmmmudnmhdhuunmunied
aut an donal roat guaglios (DRG) acurons in
explants of spinal cord with atached DRGa from 13-day-old
feeal mice afier 3 to § wesks of matursion in culture. Tha
DRG-cord explants were grown on colisgea-costed cover-
alips in Moximow depression-alide chamher. The culwre
medium cooslaed of 6% Eagle's minimal easesitlal
mcdium, 25% fetol bovine smum, 10% chick' embryo
extract, 2 mM glutmine end 0.6% glusose Duzring the firat
week in vitro the medium wus mupplemented with perve
growth factor (NGF-7S) & & concemimiion of abowr 0.5
pg/ml. to enhance survival aod growth of the el mouse
DRG aeuroas.

10

3

1 order o perform electrophysiologic procedures, the
calturs coverslip was tranaferred o & recording chamber
contaicing sbout | ml of Hanks' balanced. salt sohutica
(BSS). The bath sclution was supplemanted with 4 mM Ca™*
and 5§ mM Ba™ (Le., CI.BIIBSS) 10 provide o prominent
bascline response for pharmacological tewa. Intmerlicler
recardings wern obtnined from DRG periloicya sclected at
madom within the ganglion. The gicropipaties wece Alled
with 3M KCl (having a cesistance of abour 60-100 mego-

hms) and were concected via a chloddized silver wiretoa”

zeutrnlized ingat upmw preamplifier (Axaclump ZA) for
current-clamp reconding. ARer impalement of & DRG aeu-
m.hﬂﬂm}dqohﬂn]cmpuhﬂmmhﬂi
via the recording electrods o evoke action 13 ]
l't:quucyufﬂ.l Hz. Recordings of the action poweatisly

wero stored op 2 floppy disc uxing ths P-clamp program

(A.r.nn Inmimmenty) in g microcomputer (IBM AT-cumpat-

Dl'l.lll wera q:plud by bath pesfusion with a meaually
operated, pash-pull syringe system at & rate of 2-3 mi/min.
Perfusios of toat agents wos hegun after the scting potextinl

and the resting potential of tha neurun reached m atsbla |

caaditiog during >4 miouta pretest peciods in contal Co,
Bo/BSS. Opinid-toedisted changes in the APD were con-
aldeced algnificant if the APD alieration waa >10% of the
coatrol velue for the same coll wd wes muintsined for the
eatire teat period of 5 minutes. The AFD wei messured g3

the dme between the peak of the APD and the infection -

point oa the repalarizing phaze, The following drugs were
used: etorphine, dipreanzphine and ioe (gifts from Dc.
Eric Simon); dibydroctorphine (gift fom Dr. B.-Y. Qin,
Chinn); naloxone (Endo Latw); DADLE, dyaorphin and
other oplodd peprides (Sipma).

Opioid alkaloids and peptides wero genersily prepared a3
1 mM solutions in H,0 snd thea cocefully diluted with BSS
o the desired coaccatrations, systematically discending
pipette tips after each successive 1-10 or 1-100 dilution acp
t:o:lm sccuracy af extcemely law (E1-pM) concentra-

Resulis: The opioid reaponsivensas of DRG nexrons was
analyped by measuring the oploid-induced slteruions in the
APD aof DRG perikaryw. A toul of 64 DRG ocurens (from
23 DRG-cord explants) wera studied for sensitivity o pro-
grestive increases in the concenttion of etocphine (#=30)
or diiydroctarphioe (n=38). Eorphine ropidly and dose-
dependeutly shostened the APD in progresuively larger
fractions of DRG cells o conceniruions from 1 &M (30% of
gﬂun-aﬁ)ulpmclnﬁofclh:mlﬁ)mcﬁﬁs.lud

FIG. 1 shows thar acute application of low (pi-aM)
concentmtions of ctorphise to psive DRG ceurons elicin
dose-dependent, paloxons-reversible inhibitary shortening
n!chcuunnpnummm{um.mﬂmm
phin (and many ather bimodully-acting opioid m el
morphine, DADLE) elici excitaucy APD proloogntion at
these low concentrutions {sca FI1G. 2}, which cn be selec-
tively blocked by <pM levels of etorphing or dipreacphioe
(see F1G. 3). FIC. 1A record 1 shows the action poteatial
(AP} generuted by 2 DRG neuron in Balanced sult solution
conmining 3 mM Ca® and 3 mM Ba®* (BSS). AP respoase
in thia record (and in all records below) is evoked by o brief
(2 maec) lntraceilular depolarizing curent gulse. FIG. 1A
records 2-5 show that APD (s not altered by bath perfision
with 1 0Vl etqrphine (Et) but [y progressively sharteaed in 1
gM., 1 oM and 1 uM coacentrations (I min:te test periods).
FIG, LA recond 6 shows thaz APD remens tn control value
after transfer to BSS (9 minute test). FIG. 1B records 1 and
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2 show that APD of msdther DRG {a ahortener] ist acti . i
Ipp'w' otlnMeupﬁuﬂm = by potent notnponist actions at zni, delta snd kagps excitatory

E

morphine. FIG. IC record 3 sbows that APD metuwma o
contrat valua by § minutes after washout FIG. 1C record 4
shows that opplicatios of 1 pM atarphine does not alter the
APD. FIG. 1C record § thows that APD is oo longer
prolonged by 3 nM morphine when co-perfused with 1 pM
mmhnendmlmdummedlyshuu:ndmldq:u
which would require a reuch tigher marphine concentrating
in the absence of ciurphine. Similar results wors cbiained by
preveatment with | pM diprenorphics (see FIG. 3). Records
In thiy nod subsequent Figures sre from DRO neures in
organctypic DRG-spioal cord explanta mminiained for 34
weeks in culpue.

FIG. 2 shaws dose-zesponss curves decsonstrating that
etocphine (S (1) sad dihydroctephine (DHE) (9) dlick
only ichibiwry doss-dependent shoctaning of the APD of
DRG ceyrons &t all concentmtions toated (IM-uM). In
contrast, dyaorphin A {1-13) (Dya) (X) (as well as coephing
and other bimodally-acting opiolds) elicity dose-dependent
excitalory APD prolongation at low coceentraiions {fv-nM)
and genernlly requires much higher concentrations (sbowur
G.1-1 uM) to shorten the APD. themby resitiog fn a
bell-shaped dose-response curve. Daln were obtaloed from
11 neurons for the etorphiae teats, 13 for the DHE tests aod
35 far the dynorphia teats; 3, § and 9 neamns were tested (os
in FIG. 1) with all foar concentrariony of ctorphine, DHE
aad dynarphia, respectively (from &M to pM). For sequeatial
dose-response data ou the same acuron, the lowest concen-
untions (e.g., 1 IM) were applied firgt,

Dih was ovea more effecdve (p=38; FIG.
2). Naloxoos (10 nM) pravenled the etocphing- and dihy-
droetorphine-induced APD shoctening which was grevioualy
elicited in the tamn cells (o=12; FIG. 1B). These potent
inhibitory efct of eworphine and dihydrocmrphioe oa DRG
neurons ot low concentrations wre i sharp comirast to the
excitatory APD-prolonging eBects observed in sirgilar testa
with morphine and a wide varicty of mu, delta and kappa
oploida None of the DRG ncurona tested with differenc
concentrarions of ctophine or dihydroctorphine showed
promincat APD proloagation,

The absence of excitniory APD-prolonging effects of
eorphine eod dihydroetorphing aa DRG newrons could be
due to low binding affinity of thcae opinid agonista to
excitrgry opiold receptors. Altoroatively, thess oploids
might bind atrongly to excitamry ceceptors, but fall to
activate thexn, thereby functioaing as atagonisty. In arder to
distinguish between these two mndes of sctioz, DRG neu-
roos were pretrented with etarphine i low coaceatrations
(MM-pM) thet evoked litde or 2o alterytion of the APD,
Subsequent sddition of el concomirtions of morphice,
DAGQ, DADLE ar dynarphin 1o ewarphise-treated calls no
longer evoked the uwual APD prolongarion observed in the
anma celly prior to expoaurs to clorphing (p=l!; sca FIG,
1C). This etorphine-induced blociade of opinid excitatary
effects on DRG newrons wus olten effecrive for periods up
ta 0.5=2 hours after wighout (gp=d),

These results demonstrate that etorphine, which has been
coagidered o be 2 “universal” agonist ot mo, delte and kogpn
ocpioid receptors (sec Mognan & al, Newmys-Schmledle-
berp'sArch Pharmacol., Vel. 319, pp. 197205 (1982)), has

optoid receplors oo DRG neurons, in pddition to hs well-
known ugoaiat effects ot inbibitory gpicid cecepon. Pre-
treatment with dihydroetorphine (IM-phf) showed aimilor
m;ommnnqnunqopmdmmmm
oploid-isduced APD proloagation (o=). Fusthernore, after
selective blockade of oploid excitstory APD-prolonging
elfects by pretreating DRG neuroas with low coneentralions
of etorphine (fM-pM), which showed litle or no alteration
of the APD, 8M-nM levels of bimodally-acting opicids cow
showed poteot inhfbitory APD-shorenlag efecta (5 oul of 9
cells) (ses FIG, 1C aod FIG. 3). This is presumably due to
unmasking of inhibinry opicid receptor-mediated functions
in these cells after selective blockade of their excitatory
opicid recapior fuactions by etorphine.

EXAMPLE 1

Diprenorphine At Low Concentritioa Also Shows
Potent Sciecdve Anmgorist Action AL Bxritatry
Opioid Receptocs

Drug tems: Mouse DRO-cord explatis, grown fw >3
weeks s described iz Bxample 1, wers tested with the
opioid antagonist, dipecanrpbine, Electrophysinlogicul
recondings were oede o8 in Example 1.

Reaulte: The “universal” oplaid receptor antagounist,
dipreaorphioe war previously shows to block, &t aM can-
cenirations, both inhibitory APD shoctening of DRG neu-
mas by pM opiold agonists as well as excitalory APD
prolongation by oM opinids. Testa i lower concentrations
have cevesled thus pM diprenncphine acta selectively w an
antagonist at mz, delta and kuppa excittory opiold recep-
ton, comparable © the antogonist effects of pM etarphine
and dihydmerarpbine. In the presence of pbl diprenorghine,
morphize (z=7} ad DAGO (n=7) oo longer elicited APD
pmlm;muhw(pM-nM)mmmou(lnFlG 3A).
lnmead, they showed progressive dose-depcadent APD
Ilnﬂﬂlll’ tha eutire raage af concentratines
fram M o yM {aee FIG. 3B), comparmble o the dose-
reaponse curvey for etorphise ond dihydmetorphine (ace
FIG. 2 and F1Q. LC). This unmasiing of inhibitary ogiaid
recepror-medinsd APD-shonening sfects by pM dipreoor-
phine oucurred oven in the preseace of 10°-fold higher
concontrations of mocphine (sea FIG, 3A, recocds 11 va. 5)-

FIG. 3 shows that excitatory APD-poolanging effects
eliciied by jne in DRG oouwons are aclectively
blocked by co-administration of a low (pM) concentraiion of
diprengrphine, thereby uamnaaking potent dnn-chpeudm
{ohibitory APD shonening by low concenrrardona of mor
iilmc.l'lﬂ 3A recards 1-d show that APD of s DRG nazon
it progressively prolonged by sequendal bath perfurioos
with 3 .3 pM and 3 o marphine (Mor). FIG. JA recond
3 shows tat APD of this call is only slightly shorened after
increastog morphine conceatation o 3 pivi. FIG. JA reconds
& ana 7 show that after rransfer to BSS, the APD 1y slightly
shortened during t for 17 mioutos with 1 pM
dlptumphm(DPN‘) FIG. JA records B-11 show that after
the APD reached a stable value in DPN, sequentdal sppli-
cations of 3 M. 3 pM, 3 aM and 3 uM Mor progreasively
shortcn the APD, in conrax (o the maried APD prolange-
tion evaked by ihese same copcemirations of Mor in the
sbsence of DPN (szs also FIG. 1C). FIG. 3B dnse-rasponse
o o dopeni: ey AP hocmacg by .
potent dosa-dependest itory ing by mor-
phine (X in o group of DRG neurona (n=7), al! of which
showed anly excitmory APD proloagation responses when

v
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tesied prior w Increduction of DPN (X). Notw that the

inhibitory poteacy of morptdne in tha preseace of phf DPN
becomes compareble to that of etorphine and diprenorphise

" (s FIG. 2).

BXAMPLE 3

Enhanced Inhibitory Bffect of Eurphine md
Dihydruemephine On Clwonic Opioid-Treated
Scnsory Neurons Which Become Sugersensitive To
Opioid Excintory Bffects

Drug tests: Mouse DRG-cord explants, grown for >3
weeks aa described in Hxample 1, were chronicsily expossd
to the bimodally-acting (axcitatory/inhibitory) delta/orm
opioid agonist, DADLE (1 uM) or morphios {1 M} for 1
week or longer and tested acutely with etarphine or dihy-
droetorphine. Electraphysiologisal recontiogs were mode ns
in Example 1,

Results: Acute applicatios of M etorphins o cheonic M
DADLE- or morphige-treated DRG neurons (far >1 week)
wns still effective In shortening the APD o 30% of the
treated naurans (p=23) whea tested (o the presence of yM
DADLE or merphine (sce FIG. 4), Furthermore, pM levels
of etorphine shortened the APD ix 76% of the cells tested
{n=21).

FIG. 4 thows that nfier chrogie exponure to morphine
(Moz), or other bimodally-acting opigids, DRG nearoas
becoms mupencnsitive to the axciutary APD-prolonging
effects af these' opiolds, whensa ewrphine (Er) becomes
even more clfective in eliciling {ohibliory shontening of the
APD of the same DRG neurcas whes twated acutely in the
presance of the chronic oplald Dose-responss curves show
that after chronic treatment of DRG newrons with 3 pM Mor
for 3~ weeks in culture, the magnimds of APD shortening
elicited by acute application of Et ( ©) is markedly enhanced
o all st concentrations (EM-pM); s=e typical records in
Truaet), thereby shifiing the dose-msponse cugve sbarply to
the left, as compared to dota obmined from asive DRG
neurons (). Io contrust, after wshout of e chronic
morphine with BSS, retess of sequentially increasing con-
centrotions of E from M to pM result in less prominent
APD shortening (X), comparahla 1o, or even wesker thon, Et
effects on muive cells (0)). These results suggest thay the
apperent eshancement in idhikimry potency of Ex on chronie
Mor-treated oeurons is actually due to uamasking of iahiti-
tory APD-shortening effects of chronic Mar following Ei-
RIMAgONist action & excitatory opicid recepton, as cocuxs in
tess on azive DRG cells (sea FIG. 1C). As shown in the
[nseg, FIQ, 4 recard 1 shaws AP generated by & DRG neurmn
treated for 3 weeks in culmoe with 3 uM Mor and theq teated
io BS3 in the presence of tha chronlc Mor. FIG. 4 record 2
shaws that 1 IM Et does fiox altee the APD in the preseace
af 3 uM Mor, FIG. 4 reconlz 3-3 show tha
incresses in the coneentraton of Bt fom 1 pM w0 1 pM
progreasively sharteus the APD in the peesence of 3 uM Mor
(whereas dynorphin dose prolonged tha APD
;!fﬂle:m:hmdcnpinld-mddl—mmw;u

G. 3).

In contrast, morphine, DADLE and other chroaic bimo-
dally-acting ogiold-treated DRG zeurons showed
sitive excitatory APD-prolonging effects when tested with
low (fM-pM) concenirations of dyoorphin (1-13) before
(o=11) ar after (o=f) washowt of the chronic DADLE aor
morphine. The effectivensay of atorpbine in alicling inkibi-
tory APD.ghortening [o chronie opioid-treated DRG neurons
appearcd to be sigmificantly exhanced miative o asive celle
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Wheres oM storphine moderatety shortened the APD of
maive DRQ acurons (mean decrease to ahout 86+6%:; o=18;
acc FIGS. 1A and ), this low conceriiration was much more
elfective on chroaic morphine-ireared DRG neurons {mean
decrense to 66%+7% (o)), when tested in the presence of
mocphine (FIG, 4).7Dose-rcaponss tests of ctorphise oa
cironic DADLE- or morphina-trested DRG ucurons showed
that the mageitude of the AFD was progreasively shartened
when the acute emmphine conceatruion wan tegted sequen-
tially fron 1 fM ¢o | uM i the presenca of WM DADLE or
worphise (FIG, 4). Oa the other hand, after washout of the
chrunic marphine, acute application of etorphine  chrogic
uMopmd-:remdDRGmmnmlungenhwdm

offeclivencss ay compared ta tests oo nafve cells
{o=10) (FIG. 4). These raults suggest that ths npparent
ethancement In inhibitory efectivenens of etarphine (and
ﬂy&umhm),whnuddumd:m:mm
bunuhlly-uug apicid-treated DRG oewrons, s due Lo
their dunl synergistc nctign as ngonists at inhibitory oploid
receptors wnd antagonists at axcitniory opioid receptors. The
latter proparty results in unmasking of the lahibitocy sctions
of the chronic DADLE or mormhine, as occun in similar
icils on oaive newrons (see FIG. 1C and FIG. 3). Acute
spplication of dihydroetorphine to chronie pM marphiac.
treated DRG neurgos indicated thaz this opioid showed even
greater ighibitary poteacy than ine. £V concrntrations
shartened the APD in 80% of the treated cells (pwl0) and
pM {or higher) levels were effective an all cells tested in the
presence of the chronic opinid (ow10).

Thus, etorphins and dhydmoetarphize show ﬁmﬂnﬂy
remarkahbla efectivencas as diprenocphine in anmgarizing
mmurynpm:dmpmﬂenwhnnuumthnm
of 10°-10” higher concentrations of morphine or DADLE.
At 8 cesult of these unusaal propertics, etorphine and
dibydroetorphine showed no cross-olcrance in tests oo
chmnic DADLE- or moephine-treaned DRG aeurons, just &
chronic morphine-treated mice shawad no crass-tolerance to
ctarphine cven when the analgesic ED for morphing had
jucreased 15-fold {(see Lange = al., Toxicol, Applied Phar.
macol,, Vol. 54, pp. 177-106 (1980)). The niwence of
cross-toieraoca to ctorphine in chronle morphine-trested
DRG neurona {5 in shnep coaleast to the a=nuated lahibitory
cffects (Le., twlarznce) and the eahanced excliamry effect
(Le., “dependance’) displayed by all bimodally-acting mu,
delta and kappa opioid agoniats when tested ocutely oo these
chronic optoid-treated cells.

EXAMPLE 4

Etorphizs Or Dihydroetorphine Can Black
Noloxone-Presipitaed Supersenaitive Exclimocy
Effects In Chronic Opicid-Treated DRG Neuroos

Drug tess: Mouse DRG-card explosts, grown for >3
weeks an deseribed in Example 1, wers chronically axposed
w the bimodally-acting (exchntoryfinhihitary) deite/om
opioid agonist, DADLE {I uM oc morphios (L ui) far |
week or longer The excimtory oploid supertensitivily of
chroniz oplaid-treated DRG oeurons was grecipitated by
nM). Blectrophysiological recordings were
mada aa in Example 1,

Results: The opiald antaganine, naloxcar (1 nM-1 uM)
does not alter the APD of paive DRG newrons. In contrast,
after chroaic opiold treatment {as well oy ahter scute GM I
gRogliogide trearment) excilainey opiold receplor ctions
becoms s0 supersensidve that acute application of low
conceatraions of nalaxone proloaged the APD of the teated
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scnsary neurony, presumahbly duz 10 weak partial agoaist
progerties of naloxone ot exciwiory opicid receptors (sce
Cenin and Shen, Brain Res., Vol. 575, pp. 13=24 (1992) and
Cruin and Shen, J. Phanmacol Exp, Ther, Vol 260, pp.
182-186 (1992)). Nulexnae (1 aM) elicited excitatary APD-
prolonging effecty in 2% of the chronic pM DADLE- or
morphine-treated DRG neurans tested in the present study
(nm12) (see FIG. 5).

These rewulls provide a nove] celldar model b account
for naloxone.precipitated withdmwal supersensitivity la
qptate addicts {a vive. It shoald be emphagieed that nalaxoue
wus oot simply blocking the inbiblory efect of residual
DADLE or morphipe since the wealed DRG neurony were
already tolerant to these APD-sharteaing affects. It ia there-
fore of great interest that acute application of remnrkobly
low coacentrations of etorphiee (EM-oM) o chronic pM
mocphine or DADLE-treated cells could effectively block
naloxone-laduced APD proloagation in all of the treated
DRG neurons (owl1) (see FIG, 5), thareby mimicking tha
potent effects of the related etorphine swlog dibydroctor-
phine iz suppressing oaloxone-evoked withdmwal symp-
toms in opiate addicts (see Wang et al., Chinese J. Phar-
macol. Toxicol., Vol &, pp. 36-40 {1992)).

FIG. 5 shows 1hat after chronic exposwe 1o morphine
{Mor) or other bimodally-scting epivids, acte application
of low concentrations of etorphine (E2) can dose-degen.
dently block the excltatory APD-proloaging effects of nalox-
one (NLX) oo these supersensitiva DRG geurony, Histo-
gram shows that neute applicaion of | aM NLX w DRG
peurons chrocically trmtted with 3 W Maor for 14 weeks
prolonged the APD by sbout 50%, teated in the preacace of
3 yM Mor. See alao Inset: records 1 apd 2 In contrast, NLX
(aM-uM) does oot aiter the APD of naive DRG neurona.
Sequential co-perfusions with 1 B to 1 M Bt elicit
dose-depandent utitenuntina of the NLX-laduced APD pro-
longation in thess trented negrons, eeaulting in shortening of
the APD 10 sbout 70% of the contzol value in { M Eo In
conrast, NLX-pretreatment of nsive DRG neurans blocks
Bi-induced APD shortening (ses FIG. 1B). Inset records 1
and 2 show that 1 nM NLX prolongs the AFD of a DRG
peuron after chronic 3 pM Mor vexment for 2 weeks ond
tested in the preseace of 3 pM Moc (5 mioun: test). Inset
recard 3 shows that acute addition of | M Et attenuates the
NLX-induced APD prolengmion (5 miowse test), Inset
recard 4 shows that increasing the concentration of Bt o 1
pM almost completely blocks the NLX-induced APD pro-
loagnarion. Tosct recaords S and & show that sequentlal appli-
cation of 1 M and 1 pM El in the presenee of Mor and NLX
results in progressive shartening of the APD well balow the
initin] magmitude 1n chroak: Mor (w showa in FIQ. 4).

These resulis suggest that the polent dose-dependent
ellects of etorphine and dihydroctorphine in blocking aalox-
one-evoked APD prolongation ln chrynic opicld-treated
DRG geurons ia viro and withdrawal syndromes in opinte
addicts in vivo i3 due [ tha strong sntagouist actions of
these opicids & supessensitive excitarnry apiaid meceptary
which have become respoasive to the weak sgastist proper
tisa of oaloxone, This is in sharp coorost tn the blockxde of
etocphina-induced APD ahortening lo naive DRG neurons
by aaloxone under conditions where it &=t primarily as an
antagoniat &t inhibitory opicid receptors (see FIG. S ond
FIG. 1B).

14
EXAMPLE §

Ia Tho Pressnce OF Biorphine, Chrazle Morphine
Tremtment OF DRG Neuroos No Loager Results In

Development Of id Excitatery Superscasitivity
And Toleraace

Drug toste: Mouse DRG-cord explants, grown for >3
weeky & described in Example 1, were chroaically exposed
] _hi.mdnlly-uin: opioid agonist, morphine (1 pM) ad
opioid excltatary receptor antagonist, storphine (1 pM) for
>1 week and tested for opioid excitatory supemensitivicy of
DR neurons ut low coscentations of naloxooe or dynor-
phin A (1-13) and tolerance 1o the opioid ichibitory effects
of APD with high concentrations of morphine, Electrophysi-
ological recordings were modo as in Example 1.

Resulu: Co-administention of low (pM) concentrtiony of
ctorphine during chronie trentment of DRG oeurnns with
#M levels of morphinz was remackably elfective in provent-
ing development of the opicid excitatory mupernensitvity
and tolerancy that generally occurs after sustaioed exposure
to blmodally-acting opioids. Acua application of 1 M
dynorphin (113} (=10) ar 10 aM naloxons (o=8) to DRG
eeurgng chronically exposed to 3 pbi mocphine logether
with | pM etorphion (for >1 week) did aot evoke tue usaal
excitntary APD cheerved in chronic morptdne-
treated cells, even when teated up to 6 hours after returo (o
BSS. Furthermore, there was littlo or no ovidence of toler-
snce to the inhititacy effects of ¥M morphine: § out of 10

ceils stil] showed APD shocening following acuts applica-.

tion of yM marphine similor to tests 0a saive DRQ calls, If
ewrphine wuy acdag simply as an agonist & iohibitory
opiaid receptor, oae might predics thar the addition af 1 gM.
etorphine togetber with 2 10%-fold bigher concearration of
morphinz would have n negligible effect on chronic more-
phine-treated DRG nenrans or would angment development
of collular signa of dependencs, On tho other hand, the
results are eaglily wccounted for by he potent antagowiat
action of ewrphing e excitaiory opioid eeeplon during
chronic morphine treatment, thereby preventing develap-
meat of opioid excitalocy supemensitivity and tolersace, juat
s occun during chronic opiold weatment of DRG neurons
in the presence of cholera ton-B subonit (scc Shea and
Crzin, Brain Res., Vol. 597, pp. 74-83 (1992)). This wxic
subunit selectively interferea with GM1 gnnglioside regula-
tion of excitnmey opiold receptor functioas (ses Shen aad
Cauln, Brain Rer., Vol 531, pp. 1-7 (1990} and Shen et al,
Brain Res., Yol. 539, pp. 130138 (1981)).

EXAMPLE 6

Chronic Eparphins-Treated ORG Neuroas Do Nk
Develap Opioid Excitatory Supersensitivity Oc

Drug testy: Mousz DRG-cord explonis, grown for >3
weeks a1 descrfbed in Example 1, were chronically exposed
to etorphine (aM) fx >1 week and mexed for oploid exdl-
tatory supersensitivity of DRG nourons to low comcenm-
tians of naloxona o dynoephin A (1-13) aad toleraace t the
{ahibiwry effects of highes coocearations of crphioe.

Results; Clyooic trexment of DRG peurons with esor-
phine alone gven at a relatively high concentration (10 aM)
for >1 week In cubture also did aot result in opicid excitaiory
supersensitivity when teged soutely with 1 M dynorphin
{1-13) (26 out of 24 calls) or 1-10 nM naloxene (13 out of
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14 celly), cither before or after withdrawal of the chronic
etorphine (FIG. 6)-
FIG. 6 shows that after chronic exposure o"al etorphine

* (Ef), DRG neuroas do not becume sepersensitive to the

excitatory effects of dymorphin 1-13 (Dyn) and nalaxons
(NLX), nor do thoy develop tolemance 1p the inhib
effects of etarphine oz other opicid agonlsts. Record 1 shows
the action potential (AF) gensrared by  DRG zeuron after
chronic 10 oM Bt tretment for 20 days snd temted In
balanced salt solution (BSS) shortly after weshout of the Bt.
Record 2 showy that APD is not altered by | (M Dyn
Recards 3-6 show that APD is not altered by hath perfusian
with 1| M Et buz is progreasively shoctened by 1 pM snd 1
KM concenrcarions (S minnee test perfods). Records 7 and 3
show tha APD of the saox neuron is not altered by
application of 10 nM NLX. Retord 9 shows that APD is o
logger shortened by 1 pM Et when co-perfused with 10 oM
naloxone (5 minute test period).

Aber etorphine withdrawal for sbout 1 hour, 1 oM dynae-
phin (1-13) shortened the APD in 3 cells or did not show
typical APD prolongation (10 out of 11 cclls), rescmbling
tha aitenuation of oplold sxcitatory affects and unmasking of
opioid inhibition observed iz acutz tests on naive cells afer
washowt of low (pM) concenmmarions of emcphles (ses FIG.
1C). Furthermore, after washont of the chroaic 10 oM
etorphine, acuce application of pM, oM aad M encphine
elicited gimilar APD shortzaing {in 1 out of 4 cells teated ot
each concentration) as obasrved in anive eells, Thuy chronic
10 aM etorphine treamsent of DRG newons did not result in
the chacacteristic cellular vigna of physical dependencs and
tolerance that ocourred after chronic exposure of these cxlly
to morphine and ather bimndully-acting oploids.

Estimatey OF Specific In Vivo Doanges Of
Excittory Oploid Recaplor Actagoaists Thar May
Enhance Analgesic Potency Aad Reduce
Dependeace Lishility (And Other Side-Effects) Of
Morphins Or Other Conventionsl Opiaid
Annlgesics Whea Administered {a Combination

Blectrophysiological studies oa DRO amirons [ndicared
that pre-trentment with low fM-pM coocenteations of etoe-
phine, dihydroetorphine and diprenorphine are remarkably
effective in blocking excitatory APD-pmlonging effects of
mocphine bimodally-acting opinid agomlats by selective
antagonist actiony & mu, delta and koppa exclumry aploid
reezpears. The potency of these three ercitaincy opioid
receptor antagonims Ia clearly shown by their shility w
unnask inhibitory opiold reccptor-mediated APD-ghorteg-
ing elfecu, even in presence of 10-fld higher cancentrs-
tions of morphine other bimodally-actiog aploid agoniss
(FIGS. 3-9).

In the presence of theae selective axcitntocy oploid recep-
tar antagonists, mocphine and other clirisaily wsed oploids
showed markedly increased poteacy in evoking the inhihi-
tory effects on the aclion potential of sessory nevrons which
are genornlly considered to underly opioid analgesic action
in vivo. These bimodally-scting apicid agonigts becama
effective in shorening, insesd of prolonging, the APD &
pM-nM (ie.. 1072-107"M) coneentcations, whereas 0.1-1
gM (Le, 107-107*M) lovels were genemily required w
shorten the APD (FIG. 2). Selective blociode of the axci-
tatory side-cifects of these bimodally-acting opioid agonlsta
that would otherorise oceur. Heace, according to this inven-
ton, the cambined use of n relatively low dose of one of
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those azlective excitatory opiold receptar aciagooists,
together with morphina or other bimodally-acting out, delta
or kappa apioid agonists, will mackedly enhaneg the anal-
grtic potency of sid opinid agonist. and render waid oplold
ngonist comperable.in pateacy o etarphine oc diydooetor-
phing, which, when-fised alone a2 higher duses, are >1000
times more potent than morphiae in eliclting sonigesia,

Co-adminisumlion of onn of these cxcitatory o recep-
tor angonists & low concentratios {(about [04M) during
Chronic treatment of sensory newrona with 107M morphine
ar other bimodally-acting opiolds (>1 weck in culture)
prevereed developmeat of the oploid excitatacy supersens-
tivity, including nalnxone-precipimied APD-prolongation,
2s well as the inleracce 1o ogiold [nhibitory effects that
genemlly occun after chronic oploid exposure, This experi-
mental pandigm was previously utilized by the inveatars an -
senyory neurons in culture o demoastrate that co-adminis-
tratica of 10-"M choleru toxin-B subunit, which binds
selectively o GMI ganglioside and therehy blocks excite-
tory GM|1-regulnted opioid recopior-mediated cffects, but °
notoplold inhibltery effects {sco Sken and Crain, Brain Rar.,
Yol. 531, pp. 1-7 (1950)) during chronic opioid remmen
peovenis development of these plastic changes in neuronal
Scusitivily thar are considered to be cellular manifeytotions
related to apigid dependence/addiction aod toleranee in viva
(tee Shen aad Crain, Bruin Rer. Vol 397, pp. 7413
(1992)). Hence, according o this invention, the susmined
usa of a relatively low clinics] dose of cue of these salective
excitulory opioid receptor anragonisis, €.g., <1 microgram of
clorphioe, dibydroetorphine or diprenorphine, in combiza.
tion with 10-100 micrograms of marphine or other conven-
tiona! bimadally-acting opioid anlgesics will result in unal-
getia comparable to that elicited by sald analgescs when
administered alone in milligram doaes and will altenune or
even prevent development of physical depepdence and other
undesimble excitatory side-effects generally associaled with
said analgesicy.

Estimates Of Specific In Vivo Dosages That
Provide impraved Detoxiflcation Acd Treatment OF
Opiata Addicts
Acute agplication of one of these excilaincy opioid recop-
tor antagoniats, e.§., etocphine oc dihydmetocphine, at & low
concentration ( about 107'2M) to chronic opioid-treated
sansory newrvas preveuted the excliatory APD-prolouging
effects precipitated by naloxens (10~M) (F10. 5). The buwer
clfecty provide a povel cellulor model to accou for nalox-
one-cvoked withdrawal supecsensitivity io opiate addictn in .
viva Tha potent effects of etarphing and dihydrostorphine o
blocking onloxone-evoked APD prolongation in chronic
opioid-treated sensory asuroas in vitro (FIG. 5) is dua to
thair blocicde af suporsensitive excitxory opicid receptan
which have become responatve to tha waok agomist groper-
ties of naloxone. A similar mechaniam may necount for the
eficicy of dibydroctorphine in suppreming naloxone-
ovoked withdawal syndromes ip opiate-addicted anirals
and humans (sca Lange, Toxicol Applied Pharmacol, Yol
34, pp. 177186 (1992) and Qian, Chinsre J Pharmocol
Toxicol,, Val. §, (1997)). Hence, accarding Lo this invention,
appropriately low doses of one of these selective excluamry
opicid antsgonists, e.g., thout | microgmm i
combination with & 10-1000 fold lower than standord dosc
of one of the opmioids cucently used for the treatment of
opioid dependence, eg., methadone, bupranncpline, will
provide an improved method for detoxifying and weaning

adiicts from dependence on oplates.
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Although the invearion hereln has besn described with
reference to pacticular embodiments, It is 1 be understood
thot thess embaodiments are merely llusitive of varlous
sapects af the laveation, Thus, it ia to be wnderwood thae
mumerous modifications may be made in the illusrstive
embodiments and ather arrangements may be devised with-
out departing from the apirit and scope of the invention.

We claim:

1. A mwthod for selectively enhancing the analgesic
patency of a bimodallyacting opicid agonist sclected fom
the group comisting of m:phm. codeine, featanyl,

excitatory mide-¢ffects caused by seid bimodally-icting
opioid agonist in a subject treated with said bhimodally-
acting opinid agonist comgrising admizistering ta the sub-
ject lu combination with aaid bimodally-scting opinid ago-
nixt an amount of an excitatory opioid receplor anfagonist
selected from the group coanistizg of ctorphine, dihydroe-
arphiae and dipresorphine effectiva 1o echancs the analgeale
potency of snid bimodally-acting opicld agonist and attenu-
awe the undegirable excitatory side-afects caused by said
bimodally-acting opioid agomist

2. The method of cleim 1 wherein the mndesizshle exei-
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tatnry side-cifect is sclected from the group consitting of 21

> anti-analgesic effects, physical dependeace, rolerance,

hyperexcitability and hypemigesin,

3. The method of claim 1 wherein the dose of bimadally-
acting opioid agonixt 1o be sdministered la 10-1000 times
lesa than the amount of that bimodally-acting oplaid agonlat
which is typically admisistered clinically for analgesia.

4, The method of cisim 1 wherein the dose of opioid
receptor antagoniat to be administered is 10~1000 times less

thon the dose of bimodally-acting ogleid agoaist admicls-
tered,

5. The method of claim 1 wherin the mode of sdminiy-
untion is selected from the group cousisiag of sublingual,

18

é. A method for detxifying and treating an opists addict
comprising admivistering to the opinte addict m anslgesic
amount of a bimodaliy-acting opicid agonias selected from
the group consiating’pl’ meihadone xod bupreancphiae in
combioation with an imount of oa excitatgry aplold recaptor
antagonist selected from the group consizdag of etorphine,
dihydroewrphine and diprenorphine efective ko cohanca the
malgesic patency aof said bimodally-acting opioid agoalst
wnd attenuate tha undeairable excliaoey side-effects coused
by suid bimodally-acting opiold agonist, thereby detoxlfying
onsl trewing said opiate addice

7. The method of cluim 6 whereln the dose of bimodally-
acting opioid aganint to be administered is 10-1000 times
lem than the ameunt of that birmodally-scting oplofd sgamist
which is typically ndministered clinically for analgesis.

8. Tt method of claim 6 whereln the doss of opiold
receptor antagonist to be administered ls 10-1000 Limes less
than the dosa-of bimodally-ncting oploid agontst adorinis-
tered.

9. The method of claim § wheeeig the mode af adminis-
trotion ia selected from the group consisting of sblingual,
initammecnlar, subcutaneous and intravenous.

10. A compasition campriting ax aonigesle amount of 2
bimndally-acting opioid agoain seiected from the group
consintiog of marphine, codeine, fentany!, enkephalin,
dynorphin, endocphin, methadons and kpreaarphioe and an
mnrummomdmmmmmlmd
fram the group conslsting of atcrphine, dibydroctorphine
aod diprenorphine effective to ecbmoce e walgmic
potency of anid bimodally-acting opioid agordat and ailcnu-
aie undesirable excitatory side-cfects coused by said himo-
dally-acting aplold agoalst in & subject sdministered sld
compasition,
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(@) LACIONES AGONISTA PIOIDES CON ANT. NISTAS LIBERABLES Y
SECUESTRADOS

ANTECEDKTES DE LA INVENCION

Las formulaciones opioides son algunas veces sujeto de
abuso. Una dosis particular de oxicodona puede ser mds potente cuando
se administra parenteral mente comparada con la misma dosis
administrada oralmente. También, algunas formulaciones pueden ser
violadas con el fin de suministrarle al agonista opioide contenido
alli mejor disponibilidad para uso ilicito. Por ejemplo, una
formulacién agonista opiocid e de liberacidén controlada puede ser
molida con el fin de dejar el opioide contenido alli disponible para
liberacién inmediata mediante administracifn oral o parenteral. Una
formulacién opioide puede ser abusable por administracién de més de

la dosis prescrita de la droga.

Los antagonistas opioides se han combinado en ciertos
antagonistas opioides con el fin de desestimular el abuso parenteral
de los agoﬁistas opioides. En la técnica anterior, la combinacién de
la pentazocina de liberacién inmediata y na loxona se ha utilizado en
tabletas disponibles en los Estados Unidos, comercialmente
disponibles como Talwi.n0 Nx de Sanofi -Winthrop. El Talwin® Nx
contiene clorhidrato de pentazocina de liberacifn inmediata
equivalente a 50 mg de base y clorhidrato de nalc xona equivalente a

0,5 mg de base. Una terapia de combinacién fija que comprende



o 3
tilidina (50 mg) y naloxona (4 mg) ha estado disponible en Alemania

para el manejo del dolor desde 1978 (Valoron® N, Goedecke). Una
combinacién fija de buprenorfina y naloxona se introdujo en 1991 en
Nueva Zelanda (Temgesic® Nx, Reckitt & Colman) para el tratamiento

del dolor.

Purdue Pharma L.P. eventualmente comercializa oxicodona de
liberacién sostenida en formas de dosis que contienen 10, 20, 40 y
160 mg de clorhidrato de oxicodona bajo el nombre comercial

OxyContin.

Loas Patentes estadounidenses Nos. 5,266,331; 5,508,042;
5,549,912 y 5,656,295 describen formulaciones de oxicodona de

liberacifn sostenida.

La Patente estadounidense No. 4,769,372 y 4,785,000 de Kreek
describe métodos para tratar pacientes que sufren de dolor crénico o
tos crénica sin provocar desmotilidad intestinal al administrar 1 a 2
unidades de dosis que comprenden desde aproximadamente 1,5 a
aproximadamente 100 mg del analgésico opioide o antitusivo y desde
aproximadamente 1 a aproximadamente 18 mg de.un antagonista opioide
que tiene poca © ninguna actividad antagonista sistémica cuando ase

administra oralmente, desde 1 a 5 veces diariamente.

La Patente estadounidense No. 6,228,863 de Palermo et al



describe composiciones y métodos para evitar el abuso de formas de

dosis opioides.

La W099/32119 de Kaiko et al describe composiciones y

métodos para evitar el abuso de formas de dosis opioide.

La Patente estadounidense No. 5,472,943 de Crain et al
describe métodos para mejorar la potencia analgésica de agonistas
opioides que actian bimodalmente al administrar el agonista con un

antagonista opioide.

Todos los documentos citados aqui, incluyendo los anteriores

ge incorporan como referencia en su totali dad para todos los

propésitos.

OBJETOS Y RESUMEN DE LA INVENCION

Es un objeto de la invencibén proporcionar una forma de dosis
oral de un agonista opioide que es Gtil para disminuir el potencial

de abuso del agonista opioide contenido alli.

Es un obj eto de ciertae modalidades de la invencién

proporcionar una forma de dosis oral de un agonista opioide que es
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Gtil para disminuir el potencial abuso del agonista opioide sin
afectar los efectos analgésicos del agonista opioide o incurrir en el

riesgo de un retiro precipitado si se toma intacto.

Es un objeto de ciertas modalidades de la invencién
proporcionar una forma de dosis oral de un agonista opioide que es
resistente al mal uso, abuso o diversién, en donde dicha resistencia
no depende de diferencias especificas de pacientes individuales en
los efectos de agonistae opioides coadministrados y mezclas de

antagonistas.

Eg un objeto de ciertas modalidades de la invencién
proporcionar una forma de dosis oral que contiene una dosis efectiva
de un agonista opioide junto con una dosis de antagonista opioide que
no cambia la eficacia analgésica del agonista opioide cuando la forma
de dosis eB administrada oralmente intacta, pero la cual puede evitar
el abuso 8i la forma de dosis es violada al interferir con e 1 efecto

del agonista opioide.

Es un objeto de ciertas modalidades de la invencién
proporcionar un método para evitar el abuso de una forma de dosis
oral opioide donde la forma de dosis también incluye una dosis de
antagonista opioide que es secuestrada, por ejemplo, no esté
biodisponible cuando la dosis se administra intacta pero esté

biodisponible cuando la forma de dosis es violada (por ejemplo en un



intento de mal uso de la dosis de analgésico opiocide) y una doeis de

antagonista que es liberable para suministrar un efecto deseado.

Es un objeto de ciertas modalidades de la invencién
proporcionar una forma de dosis oral que estén destinadas o son
adecuadas para el usc en el manejo de dolor agudo o crdnico cuando la
alteracién de los efectos analgésicos del Agonista opiocide se deben
evitar tal como en casos de tolerancia, dependencia fisica o

variabilidad individual con el metabolismo o fisiologia hepéatica.

Es un objeto adicional de una modalidad preferida de la
invencién proporcionar un método para tr atar dolor en pacientes
humanoas con una forma de dosis oral de un agonista opioide aunqgue

reduciendo su
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REIVINDIVCACIONES

1. Una forma de dosis oral, que comprende

(i) una cantidad terapéuticamente efectiva de un agonista
opioide;

(ii) un antagonista opioide en forma liberable;

(iii) un antagonista opioide secuestrado que no es liberado

cuando la forma de dosis se administra intacta.

2. Una forma de dosis oral, que comprende

(i) un primer componente que comprende una cantidad
terapéuticamente efectiva de un agonista opioide;

(ii) un sequndo componente que comprende un antagonista
opioide en forma liberable;

(iii) un tercer componente que comprende un antagonista
opioide secuestrado que no es liberado cuando la forma de dosis se

adminietra intacta.

3. Una forma de dosis oral, gque comprende

(i) un primer componente que comprende una cantidad
terapéuticamente efectiva de un agonista opioide;

(ii) un segundo componente que comprende un antagonista
opioide en forma liberable, y un antagonista opioid e secuestrado que

no es liberado cuando la forma de dosis Be administra intacta.
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4. Una forma de dosis oral, gue comprende

(i) un primer componente que comprende una cantidad
terapéuticamente efectiva de un agonista opioide y un antagonista
opioide en forma liberable;

(ii) un segundo componente que comprende un antagonista
opioide secuestrado que no es liberado cuando la forma de dosis se

administra intacta.

5. Una forma de dosis oral, que comprende

(i) un primer componente que comprende una canti dad
terapéuticamente efectiva de un agonista opicide y un antagonista
opioide en forma liberable;

(ii) un segundo componente que comprende un antagonista
opioide secuestrado el cual no es susyancialmente liberada cuando la

forma de dosis se administra intacta.

6. Una forma de dosis oral, que comprende

(i) un primer componente que comprende una cantidad
terapéuticamente efectiva de un agonista opioide;

(ii) un segundo componente gque comprende un antagonista
opioide en forma liberable; y

(iii) un tercer componente que comprende un antagonista
opioide secuestrado.que no es pustancialmente liberado cuando la

forma de dosis se administra intacta.
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cantidad del antagonista liberado de dicha forma de dosis esta en una

7. La forma de dosis de la reivindicacién 1 en donde la

proporcién a dicho antagonista que es aversivo en sujetos humanos
fisicamente dependientes cuando la forma de dosis se administra en la
misma cantidad o en una cantidad mayor que dicha cantidad

terapéuticamente efectiva.

8. La forma de do sis de la reivindicaciém 5 en donde la
cantidad de dicho antagonista liberado de dicho primer componente es
una cantidad suficiente para ser aversiva en sujetos humanos
fisicamente dependientes cuando la forma de dosis se administra en la
misma cantidad o en mayor cantidad que dicha cantidad

terapéuticamente efectiva.

9. La forma de dosis de la reivindicacién 5 en donde la
cantidad de dicho antagonista liberado de dicho primer componente es
menoxr que la cantidad suficiente para hacer aversiva en sujetos
humanos fisicamente dependientes cuando la forma de dosia se
administra en la misma cantidad o en mayor cantidad que dicha
cantidad terapéuticamente efectiva.

10. La forma de dosis de la reivindicaci6n 5 en donde la
cantidad de dicho antagonista liberado d e dicho segundo componente
esti en una cantidad suficiente para ser aversiva en sujetos humanos
fisicamente dependientes cuando la forma de dosis se administra en la

misma cantidad o en una cantidad mayor que dicha cantidad
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terapéuticamente efectiva.

11. La forma de dosis de la reivindicacién 6 en donde la
cantidad de dicho antagonista liberado de diche segundo componente es
menor que la cantidad suficiente para ser aversiva en sujetos humanos
fisicamente dependientes cuando la forma de dosis se administra en la
misma cantidad o en una cantidad mayor que dicha cantidad

terapéuticamente efectiva.

12. La forma de dosis de la reivindicacién 1 que comprende adem&s un
excipiente de liberacifn sostenida que proporciona una liberacién

soatenida de dicho agonista opioide.

13. La forma de dosis de la reivindicacién 1 que comprende
ademfis un excipiente de liberacién sostenido que proporciona una

liberacién sostenida de dicho antagonista opioide.

14. La forma de dosis de la reivindicacién 1 que comprende
ademids un excipiente de liberacién sostenida que proporciona una
liberacién sostenida de dicho agonista opioide y dicho antagonista

opioide.

15. La forma de dosis de la reivindicacién 1 en donde dicho
antagonista secuestrado esta en la forma de multiparticulas

individualmente recubiertas con un material que evita la liberacién
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del antagonista secuestrado.

16. La forma de dosis de la reivindicacién 1 en donde dicho
antagonista secuestrado esta en la forma de multiparticulas
individualmente recubiertas con un material que evita sustancialmente

la liberacitn de dicho antagonista secuesatrado.

17. La forma de dosis de la reivindicacién 1 en donde dicho
antagonista secuestrado se dispersa en una matriz que comprende un
material secuestrante que evita la liberacién d e dicho antagonista

gecuegtrado.

i8. La forma de dosis de la reivindicacién 1 en donde dicho
antagonista secuestrado se dispersa en una matriz que comprende un
material secuestrante que evita sustancialmente la liberacién de

dicho antagonista secuestrado.

19. La forma de dosis de la reivindicacidn 1 en donde dicho

antagonista opiocide liberable es el mismo que el antagonista

gecuestrado.
20. La forma de dosis de la reivindicacién 1 en donde dicho
antagonista opioide liberable es diferente del antagoni sta

secuestrado.
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21. La forma de dosis de la reivindicacién 19 en donde dicho
antagonista se selecciona del grupo que conasiste de
naltrexonanaloxona, nalmefeno, ciclazocina, levalorfanco, sales

farmacéuticamente aceptables de estos y mezclas y mezclas de estos.

22, La forma de dosis de la reivindicacién 20 en donde dicho
antagonista liberable se selecciona del grupo que consiste de
naltrexona, naloxona, nalmefeno, ciclazocina, levalorfano, sales
farmacéuticamente aceptables de estos y mezclas de estos y dicho
antagonista secuestrado se selecciona del grupo que consiste de
naltrexona, naloxona, nalmefeno, ciclazocina, levalorfano, sales

farmacéuticamente aceptables de estoe y mezclas de estos.

23. La forma de dosis de la reivindicacién 1 en donde dicho opioide
se selecciona del grupo que consiste de morfina, hidromorfona,
hidrocodona, oxicodona, codeina, levorfanol, tramadol, meperidina,
metadona, sales farmacéuticamente aceptables de estos y mezclas d;

estos.

24. La forma de dosis de la reivindicaci6n 1 que tiene una
proporcién de antagonista opioide liberable a agonista opioide que es
analgésicamente efectivo cuando la combinacifén se administra
oralmente, pero que es aversivo en sujetos humanos fisicamente
dependientes cuando se administra en la misma cantidad o en una

cantidad mayor que dicha cantidad terapéuticamente efectiva.



25. La forma de dosis de la reivindicacién 24 en donde dicha
proporcién de antagonista opioide liberable a agonista opioide
mantiene un efecto analgésico pero no incrementa la eficacia
analgésica del agonista opioide con relacién a la misma cantidad
terapéutica del analgésico opioide cuando se administra a pacientes

humanos sin dicho antagonista opioide.

26. La forma de dosis oral de la reivindicacién 1 en donde el
agonista o picide es hidrocodona y el antagonista liberable es
naltrexona.

27. La forma de dosis oral de la reivindicacifn 26, en donde la
proporcién de naltrexona liberable a hidrocodona va de

aproximadamente 0,03:1 a aproximadamente 0,27:1.

28. La forma de dosis oral de la reivindicacién 27, en donde la
proporcién de naltrexona liberable a hidrocodona va de

aproximadamente 0,05:1 a aproximadamente 0,20:1.

29. La forma de dosis oral de la reivindicacién 7, en donde
dicho antagonista opioide liberable es naltrex ona y dicho agonista
opioide es oxicodona, en donde la proporcifén de naltrexona liberable

a oxicodona va de aproximadamente 0,037:1 a aproximadamente 0,296:1.

30. La forma de dosis oral de la reivindicacién 7, en donde dicho
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antagonista opioide liberable es naltrexona y dicho agonista opioide
liberable es codeina, en donde la proporcién de naltrexona liberable

a codeina va de aproximadamente 0,005:1 a aproximadamente 0,044:1.

31. - La forma de dosis oral de la reivindicaciém 7, en donde
dicho antagonista opioide liberable es naltrexona y dicho agonista
opioide es hidromorfona, en donde la proporcién de naltrexona
liberable a hidromorfona va de aproximadamente 0,148:1 a

aproximadamente 1,185:1.

32. La forma de dosis oral de la reivindicacién 7, en donde
dicho antagonista opioide liberable esa naltrexona y dicho agonista
opioide es levorfanol, en donde la proporcifn de naltrexona liberable

a levorfanol va de aproximadamente 0,278:1 a aproximadamente 2,222:1.

32. La forma de domsis oral de la reivindicacioén 7, en donde
dicho antagonista opioide liberable es naltrexona y dicho agonista
opioide es meperidina, en donde la proporcién de naltrexona liberable
a meperidina va de aproximadamente 0,0037:1 a aproximadamente

0,0296:1.

33. La forma de dosis oral de la reivindicacién 7, en donde
dicho antagonista opioide liberable es naltrexona y dicho agonista
opioide es metadona, en donde la proporcién de naltrexona liberable a

metadona va de aproximadamente 0,056:1 a aproximadamente 0,444:1.
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34. La forma de dosis or al de la reivindicacién 7, en donde
dicho antagonista opioide liberable es naltrexona y dicho agonista
opioide es morfina, en donde la proporcién de naltrexona liberable a

morfina va de aproximadamente 0,018:1 a aproximadamente 0,148:1.

35. La forma de d osis oral de la reivindicacién 7, en donde
dicho antagonista opioide liberable es naltrexona y dicho agonista
opioide es oxicodona, en donde la proporci6n de naltrexona liberable

a oxicodona va de aproximadamente 0,056:1 a aproximadamente 0,222:1.

36. La forma de doeis oral de la reivindicacién 7, en donde
dicho antagonista opioide liberable es naltrexona y dicho agonista
opioide es codeina, en donde la proporcién de naltrexona liberable a

codeina va de aproximadamente 0,0083:1 a aproximadamente 0,033:1.

37. La forma de dosis oral de la reivindicacién 7, en donde
dicho antagonista opioide liberable es naltrexona y dicho agonisata
opioide es hidromorfona, en donde la proporcién de naltrexona
liberable a hidromorfona va de aproximadamente 0,222:1 a

aproximadamente 0,889:1.

38. La forma de dosis oral de la reivindicaci®dn 7, en donde

dicho antagonista opioide liberable es naltrexona y dicho agonista

opioide es levorfanol, en donde la proporcifn de naltrexona liberable

K 4%
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a levorfanocl va de aproximadamente 0,417:1 a aproximadamente 1,667:1.

39. La forma de dosis oral de la reivindicacién 7, en donde
dicho antagonista opioide liberable es naltrexona y dicho agonista

opioide es meperidina, en donde la proporcién de naltrexona liberable

a meperidina va de aproxima damente 0,0056:1 a aproximadamente
0,022:1.
40. La forma de dosis oral de la reivindicacién 7, en donde

dicho antagonista opioide liberable es naltrexona y dicho agonista
opioide es metadona, en donde la proporcién de naltrexona liberable a

metadona va de aproximadamente 0,083:1 a aproximadamente 0,333:1.

41. La forma de dosis oral de la reivindicacién 7, en donde
dicho antagonista opioide liberable es naltrexona y dicho agonista
opioide es morfina, en donde la proporcién de naltrexona liberable a

morfina va de aproximadamente 0,028:1 a aproximadamente 0,111:1.

42. La forma de doeis oral de la reivindicacién 1, en donde el
antagonista liberable esta en una cantidad para atenuar un efecto
colateral de dicho agonista opioide seleccionado del grupo que
consiste de anti -analgesia, hiperalgesia, hiperexcitabilidad,
dependencia fisica, tolerancia y una combinacién de cualquiera de los

anteriores.



43, La forma de dosis de liberacién controlada de la
reivindicacién 1, en donde la cantidad de antagonista liber ado
durante el intervalo de dosificacién mejora la potencia analgésica

del agonista opioide.

44. La forma de dosis de liberacién controlada de la
reivindicacién 42, en donde la cantidad de antagonista receptor
opioide liberable es aproximadamente 100 a aproximadamente 1000 veces

menor que la cantidad de agonista opioide.

45. La forma de dosis de la reivindicacién 7 en donde la
proporcién de la cantidad del antagonista liberado de dicha forma de
dosis despuée de viclacidn a la cantidad de dicho antagonis ta
liberado de dicha forma de dosis intacta es aproximadamente 4:1 (p:p)
o mayor, basada en la disolucifn in vitro a una hora de dicha forma
de dosis en 900 ml de Fluido Gastrico Simulado USP tipo II (paleta) a

75 rpm a 37°C.

46. La forma de dosis de la r eivindicacién 7 en donde la proporcién
de la cantidad del antagonista contenido en dicha forma de dosis
intacta a la cantidad de dicho antagonista liberado de dicha forma
de dosis intacta después de una hora es aproximadamente 4:1 o mayor,
basado en la di solucidn in vitro a una hora de dicha forma de dosis
en 9500 ml de Fluido Gé&strico Simulado utilizando un aparato USP tipo

IT (paleta) a 75 rpm a 37°C.
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47. La forma de dosis oral de la reivindicacién 45 en donde dicha

proporcién es 10:1 o mayor.

48. La f orma de dosis oral de la reivindicacién 45 en donde

dicha proporcién es 50:1 o mayor.

49. La forma de dosis oral de la reivindicacién 45 en donde

dicha proporcién es 100:1 o mayor.

50. La forma de dosis oral de la reivindicacién 1 en donde dicho
antagonista liberable es naloxona o una sal farmacéuticamente
aceptable de esta y dicho antagonista no liberable es naltrexona o

una sal farmacéuticamente aceptable de esta.

51. Un método para tratar el dolor gque comprende administrar una

forma de dosis de la reivindicacién 1.

52. Un método para desestimular el abuso que comprende preparar

una forma de dcoeis de la reivindicacién 1.

53. Un método para preparar una forma de dosis de la
reivindicacién 1 que comprende combinar un agonista opioide con un
antagonista en una forma liberable y no liberable en una forma de

doais.
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=" Indicacion de que se solicita la cgneesion de una patente. () .
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-  Descripcion de la Invenclon. {)
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]

COMPLETA 1) INCOMPLETA ( )
DISENO INDUSTRIAL { )

Indicaclion de que se solicita el registro de Disefio Industrial (

.. )
¥ Datos de identificacion del solicitante o de la persona que presenia ( )

- lasolicitud.

- Representacion grafica y fotugrafica del Disefio Industrial o muestra del
Material que incorpora el disefio. ()
Comprobante de pago de las tasas establecidas { )

o COMPLETA () : INCOMPLETA { )
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ESQUEMA DE TRAZADO ()
B Y

- Ifdicacion de que solitha el regisiro de un Esquema de trazado. { )

- Datos de Identiflcacion del solcitante o de la persona que presenta
La solicitud. { )
Representacion grafica del esquerna de trazado ()
Comprobante de pago.cie las tasas establecidas. ()
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Industria y Comercio
SUPERINTENDENCIA
2020
Bogotd, D.C.,
Doctora: OficloN® (12168
Luz Helena Adarve Gémez
Apoderada
Euro Certique S.A
ASUNTO: Radicacion N° 049488
Solicitud Intemnacional PCTAUS02/24944
Tréimite o1
Evento an
Achuacion 430
Folios 001

Como resultado del examen de forma, realizado con fundamento el el asticulo 38 de la Decision 488 de la
Comisién de la Comunidad Andina, articulo 27 del Tratado de Cooperacién en Materia de Patentes (PCT),
regla 51 bis del Reglamento y Clrcular Unica de la Superintendencia de Industria y Comercio, se le comunica
que:

0 La solcitud no contiens la copla del documento en que consta a cesion del derecho a la patents del
inventor al solicitante 0 @ 8u causants. (Ar, 26-K) Decisién 486).

En cumplimiento de lo dispuesto por el articulo 39 de la Decialén 486, se le requiere para que dentro del
término de dos meses siguientes a la fecha de nolificacidn del presente oficio, complete los requisitos
anteriormente enunclados. En caso de no dar cumpimiento al presents requerimiento, la solicitud se
considerard abandonada y perderd su prelacion.

a lo dispuesto en el numeral 5.2, eral o), del capftulo quinto del

27 Fib. 004
E antevior requerimiento fue nafifiado por fackon en lista de fch, ,




