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OPIOID AGONIST FORMULATIONS WITH RELEASABLE AND SEQUESTERED
ANTAGONIST

BACKGROUND OF THE INVENTION

Opioid formulations are sometimes the subject of abuse. A particular dose of oxycodone
may be more potent when administered parenterally as compared to the same dose administered
orally. Also, some formulations can be tampered with in order to provide the opioid agonist
contained therein better available for illicit use. For example, a controlled release opioid agonist
formulation can be crushed in order to provide the opioid contained therein available for
immediate release upon oral or parenteral administration. An opioid formulation can also be
abusable by administration of more than the prescribed dose of the drug.

Opioid antagonists have been combined with certain opioid agonists 1n order to deter the
parenteral abuse of opioid agonists. In the prior art, the combination of immediate release
pentazocine and naloxone has been utilized in tablets available in the United States,
commercially available as Talwin Nx from Sanofi-Winthrop. Talwin Nx contains immediate
release pentazocine hydrochloride equivalent to 50 mg base and naloxone hydrochloride
equivalent to 0.5 mg base. A fixed combination therapy comprnsing tilidine (50 mg) and naloxone
(4 mg) has been available in Germany for the management of pain since 1978 (Valoron N,
Goedecke). A fixed combination of buprenorphine and naloxone was introcaced in 1991 in New

Zealand (Temgesic Nx, Reckitt & Colman) for the treatment of pain.

Purdue Pharma L.P currently markets sustained-release oxycodone in dosage forms
containing 10,'20, 40 and 160 mg oxycodone 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. 4,769,372 and 4,785,000 to Kreek describe methods of treating patients
suffering from chronic pain or chronic cough without provoking intestinal dysmotility by
administering 1 to 2 dosage units comprising from about 1.5 to about 100 mg of opioid analgesic
or antitussive and from about 1 to about 18 mg of an opioid antagonist having little to no
systemic antagonist activity when administered orally, from 1 to 5 times daily.

U.S. Patent No. 6,228,863 to Palermo et al. describes compositions and methods of
preventing abuse of opioid dosage forms.

W099/32119 to Kaiko et al. describes compositions and methods of preventing abuse of

optoid dosage forms.
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U.S. Patent No. 5,472,943 to Crain et al. describes methods of enhancing the analgesic
potency of bimodally acting opioid agonists by administering the agonist with an opioid
antagonist.

SUMMARY OF THE INVENTION

An aspect of the invention provides an oral dosage form of an opioid agonist that 1s
useful for decreasing the potential for abuse of the opioid agonist contained therein.

Another aspect of certain embodiments of the invention provides an oral dosage form of
an opioid agonist that is useful for decreasing the potential abuse of the opioid agonist without
affecting the analgesic effects of the opioid agonist or incurring the risk of precipitating
withdrawal if taken intact.

An aspect of certain embodiments of the invention provides an oral dosage form of an
opioid agonist that is resistant to misuse, abuse or diversion, wherein said resistance does not
depend on individual patient-specific differences in the effects of co-administered opioid agonist
and antagonist mixtures.

An aspect of certain embodiments of the invention provides an oral dosage form
containing an effective dose of an opioid agonist along with a dose of opioid antagonist which
does not change the analgesic efficacy of the opioid agonist when the dosage form is orally
administered intact, but which can prevent abuse if the dosage form is tampered with by
interfering with the effect of the opioid agonist.

Another aspect of certain embodiments of the invention provides a method for
preventing abuse of an oral opioid dosage form where the dosage form also includes a dose of
opioid antagonist which is sequestered, e.g., is not bioavailable when the dose is administered
intact but 1s bioavailable when the dosage form is tampered with (e.g., in an attempt to misuse
the dose of opioid analgesic) and a dose of antagonist which is releasable to provide a desired
effect.

An aspect of certain embodiments of the invention provides oral dosage forms that are
intended for or are suitable 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 cases of tolerance, physical
dependence or individual variability in hepatic metabolism or physiology.

A turther aspect of a preferred embodiment of the invention provides a method of
treating pain in human patients with an oral dosage form of an opioid agonist while reducing its
misuse by oral, parenteral, intranasal and/or sublingual route.

An aspect of certain embodiments of the invention provides an oral dosage form of an
opiold analgesic which is subject to less abuse potential via the oral route than prior

commercially available dosage forms.
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An aspect of certain embodiments of the present invention provides an oral dosage form
of an opioid analgesic and method which provides therapeutic analgesia and which also provides
a negative, “aversive” experience when the prescribed amount or a large amount of the opioid,
e.g., about 2-3 times the usually prescribed does, is taken by or administered to a physically
dependent subject.

An aspect of certain embodiments of the present invention provides an oral dosage form
of an opioid analgesic and a method for providing therapeutic analgesia in a manner which is
not as positively reinforcing in non-physically dependent subjects taking the same or more than
the usually prescribed dose, e.g., about 2-3 times the usually prescribed dose of the opioid, as
compared to the same amount of opioid without the antagonist.

An aspect of certain embodiments of the invention provides a method of treating pain in
human patients with an oral dosage form of an opioid analgesic while reducing the oral abuse
potential of dosage form.

An aspect of certain embodiments of the invention provides a method of manufacturing
an oral dosage form of an opioid analgesic such that it has less oral abuse potential.

An aspect of certain embodiments of the invention provides a composition and method
of enhancing the analgesic potency of opioid agonists by blocking their anti-analgesic side-
effects.

An aspect of certain embodiments of the invention provides a composition and method
of attenuating physical dependence, tolerance, hyperexcitability, hyperalgesia and other
undesirable side-effects caused by the chronic administration of opioid agonists.

An aspect of certain embodiments of the invention provides a composition and method
for detoxifying and treating opiate addicts utilizing opioid receptor antagonists.

An aspect of certain embodiments of the invention provides a composition which
enhances the analgesic effects of opioid agonists while simultaneously attenuating undesirable
side-effects caused by said opioid agonists, including physical dependence, tolerance,
hyperexcitability and hyperalgesia.

Some or all of the above aspects are achieved by the present invention which is directed

{o



10

i5

20

25

30

CA 02457361 2007-04-11

an oral dosage form, cbmpn’sing (1) a therapeutically effective amount of an opioid agonist; (ii) an
opioid antagonist in releasable form; and (iil) a sequestered opioid antagonist which is not
released when the dosage form is administered intact.

Certain embodiments of the invention are directed to an oral dosage form, comprising (1)
a first component comprising a therapeutically effective amount of an opioid agonist; (ii) a
second component comprising an opioid antagonist in releasable form; and (iii) a third
component comprising a sequestered opioid antagonist which is not released when the dosage
form is administered intact.

Certain embodiments of the invention are directed to an  oral dosage form comprising
(1) a first component comprising a therapeutically effective amount of an opioid agonist; (ii) a
second component comprising an opioid antagonist in releasable form, and a sequestered opioid
antagonist which 1s not released when the dosage form is administered intrct.

Certain embodiments of the invention are directed to an oral dosage form, comprising (i)
a first component comprising a therapeutically effective amount of an opioid agonist and an
optoid antagonist in releasable form; and (i1) a second component comprising a sequestered
opioid antagonist which 1is not released when the dosage form is administered intact.

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

Certain embodiments of the invention are directed to an oral dosage form, comprising (i)
a first component comprising a therapeutically effective amount of an opioid agonist; (ii) a
second component comprising an opioid antagonist in releasable form; and (iii) a third
component compnsing a sequestered opioid antagonist which is not substantially released when

the dosage form is administered intact.
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In one embodiment, the present invention provides an oral dosage form, comprising:
(1) a therapeutically effective amount of an opioid agonist; (ii) naloxone or a pharmaceutically
acceptable salt thereof in releasable form; and (iii)) sequestered naltrexone or a
pharmaceutically acceptable salt thereof which is not substantially released when the dosage
form is administered intact.

Certain embodiments of the present invention is directed to a dosage form formulated
such that the ratio of the amount of antagonist released from the dosage form after tampering
to the amount of the antagonist released from the intact dosage form is about 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 1l (paddle) apparatus at 75 rpm at 37 degrees C.

In embodiments of the invention wherein the antagonist in non-releasable form can be
in the form of multiparticulates coated with a sequestering material, 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 antagonist and the material. The
multiparticulates can be dispersed in a matrix comprising the opioid agonist or contained in a

capsule with the opioid agonist.

In embodiments of the invention wherein the antagonist is dispersed in a matrx

comprising a sequestering material which substantially prevents the release of the antagonist, the

“matrix can be in the form of pellets. The pellets can be dispersed in anothei matrix comprising

the opioid agonist or contained 1n a capsule with the opioid agonist.

In other embodiments of the invention, part of the antagonist is in a matrix and/or part of
the antagonist 1s 1n a coated bead.

In certain embodiments of the invention which exhibit the above-disclosed ratio of about
3.1 or greater concerning the amount of antagonist released from the dosage form after tamperng
to the amount of said antagonist released 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 II (paddie)
apparatus at 75 rpm at 37 degrees C, the intact dosage form releases 22.5% or less of the
antagonist after 1 hour and the tampered dosage form releases 67.5% or more antagonist after 1
hour. In another embodiment, the intact dosage form releases 20% or less of said antagonist after
1 hour and the tampered dosage form releases 60% or more antagonist after 1 hour. In another
embodiment, the intact dosage form releases 10% or less of said antagonist after 1 hour and the
tampered dosage form releases 30% or more antagonist after 1 hour. In another embodiment the
intact dosage form releases 5% or less of said antagonist after 1 hour and the tampered dosage
form releases 15% or more antagonist after 1 hour.

In certain embodiments of the invention, the ratio of the amount of antagonist released
from the dosage form after tampering to the amount of said antagonist released from the intact
dosage form based on the dissolution at 1 hour of the dosage form 1n 900 ml of Simulated Gastric
Fluid using a USP Type II (paddle) apparatus at 75 rpm at 37 degrees C 1s 4:1 or greater, 10:1 or
greater, 50:1 or greater or 100:1 or greater. .

The mvention is also directed to methods of preventing abuse of an opioid agonist

utilizing the dosage forms disclosed herein. The method can comprise providing the opioid

- agonist in an oral dosage 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 bioavialable if subjected to tampering (e.g., crushing, shear forces which break up the

dosage form, etc., solvents or temperatures of greater than 45°C).

Another embodiment of the invention 1s directed to a method of decceasing the abuse of
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an opioid agonist in an oral dosage form, comprising preparing an oral dosage form as disclosed
herein. For example, the method can comprise preparing a dosage form comprising an opioid
antagonist in non-releasable form such that said dosage form provides a desired analgesic eftect
and said antagonist does not substantially block the analgesic effect of the opioid agonist when
said dosage form is administered orally intact. In alternative embodiments, the effect of the
opioid agonist is at least partially blocked when said dosage form tampered with, e.g., chewed,
crushed or dissolved in a solvent, and administered orally, intranasally, parenterally or

sublingually.

The invention 1s also directed to a method of treating pain with the dosage forms
disclosed herein.

The invention is also directed to methods of preparing the dosage forms disclosed herein.

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

Certain embodiments of the invention are directed to formulations wherein the agonist,
releasable antagonist and non-releasable antagonist are interdispersed and are not 1solated from
each other in three distinct layers. Certain embodiments have two of the three agents
interdispersed with the third in a separate and distinct layer. In other embodimeﬁts, at least two
or all of the ingredients are partially interdispersed. The present invention contemplates all
combinations of the agents interdispersed or partially interdispersed in any combination.

The term “analgesic effectiveness” is defined for purposes of the present invention as a
satisfactory reduction in or elimination of pain, along with a tolerable level of side effects, as
determined by the human patient. The phrase “not substantially blocking the analgesic effect of
an opioid agonist” means that the opioid antagonist does not block the effects of the opioid
agonist in sufficient degree as to render the dosage form therapeutically less effective for
providing analgesia.

The term “an opioid antagonist in a substantially non-releasable form” refers to an opioid
antagonist that is not released or substantially not released at one hour after the intact dosage
form containing both opioid agonist and the opioid antagonist 1s orally administered (1.e., without
having been tampered with). For purposes of the invention, the amount released after oral
administration of the intact dosage form may be measured in-vitro via the dissolution at 1 hour of

the dosage form 1n 900 ml of Simulated Gastric Fluid using a USP Type Il (paddle) apparatus at
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75 rpm at 37 degrees C. Such a dosage form is also referred to as comprising a “sequestered
antagonist’.

Although the preferred embodiments of the invention comprise an opioid antagonist in a
form that completely prevents the release of the opioid antagonist, the invention also includes an
antagonist in a substantially non-releasable form. The term “substantially not released” refers to
the antagonist that might be released 1n a small amount, as long as the amount released does not
affect or does not significantly affect analgesic efficacy when the dosage form is orally
administered to humans as intended.

In certain preferred embodiments of the invention, the substantially non-releasable form
of the antagonist 1s resistant to laxatives (e.g., mineral o1l) used to manage delayed colonic transit
and to achlorhydric states.

In certain embodiments, the substantially non-releasable form or non-releasable form of
an opioid antagonist comprises an opioid antagonist that 1s formulated with one or more of
pharmaceutically acceptable hydrophobic materials, such that the antagonist 1s not released or
substantially not released during its transit through the gastrointestinal tract when administered
orally as intended, without having been tampered with.

In certain embodiments of the present invention, the substantially non-releasable form or
non-releasable form of the opioid antagonist ts vulnerable to mechanical, thermal and/or
chemical tampering, e.g., tampering by means of crushing, shearing, grinding, chewing and/or
dissolution 1n a solvent in combination with heating (e. g.,’ greater than about 45°C) of the oral
dosage form. When thus tampered with, the integrity of the substantially nen-releasable form or
non-releasable form of the opioid antagonist will be compromised, and the opioid antagomst will
be made available to be released. In certain embodiments, when the dosage form 1s chewed,
crushed or dissolved and heated 1n a solvent, and administered orally, intranasally, parenterally or
sublingually, the analgesic or euphoric effect of the opioid i1s reduced or eliminated. In certain
embodiments, the effect of the opioid agonist i1s at least partially blocked by the opioid
antagonist. In certain other embodiments, the effect of the opioid agonist is substantially blocked
by the opioid antagonist.

In certain embodiments, the quantity of antagonist released from the dosage formisin a
ratio to the agonist which 1s aversive in physically dependent human subjects when the dosage
form 1s administered at the same amount or at a higher amount than the therapeutically effective

amount

In 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 administered at the same amount or at a higher amount tl.an the therapeutically effective

amount.

In certain embodiments, the quantity of the antagonist released from the first component
is less than the amount sufficient to be aversive in physically dependent human subjects when the
dosage form 1s administered at the same amount or at a higher amount than the therapeutically
effective amount. '

In certain embodiments, the amount of the antagonist released from the second
component is in an amount sufficient to be aversive 1n physically dependent human subjects
when the dosage form 1s administered at the same amount or at a higher amount than the
therapeutically effective amount.

In certain embodiments, the amount of the antagomst 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 same amount or at a higher amount than the

therapeutically effective amount.

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

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

In certain embodiments, the invention comprises a sustained release excipient which
provides a sustained release of the opioid agonist and the opioid antagonist.

In certain embodiments, the sequestered antagonist 1s 1n the form of multiparticulates
individually coated with a material that prevents release of the sequestered antagonist.

In certain embodiments, the sequestered antagonist is in the form of multiparticulates
individually coated with a matenal that substantially prevents release of the sequestered
antagonist.

In certain embodiments, the sequestered antagonist 1s dispersed 1n a matrix comprising a
sequestering material that prevents the release of the sequestered antagonist.

In certain embodiments, the sequestered antagonist 1s dispersed in a matrix comprising a
sequestering material that substantially prevents the release of the sequestered antagonist.

In certain embodiments, the releasable opioid antagonist 1s the same as the sequestered
antagonist.

In certain embodiments, the releasable opioid antagonist 1s different than the sequestered
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antagonist.

In certain embodiments, the antagonist is selected from the group consisting of
naltrexone, naloxone, nalmephene, cyclazocine, levallorphan; pharmaceutically acceptable salts

thereof and mixtures thereof.

In certain embodiments, the releasable antagonist is selected from the group consisting of
naltrexone, naloxone, nalmephene, cyclazocine, levallorphan, pharmaceutically acceptable salts
thereof and mixtures thereof and the sequestered antagonist is selected from the group consisting
of naltrexone, naloxone, nalmephene, cyclazocine, levallorphan, pharmaceutically acceptable
salts thereof and mixtures thereof.

In certain embodiments, the opioid is selected from the group consisting of morphine,
hydromorphone, hydrocodone, oxycodone, codeine, levorphanol, meperidine, methadone,
pharmaceutically acceptable salts thereof and mixtures thereof.

In certain embodiments, the releasable antagonist i1s an antagonist with minimal oral
activity such as naloxone in releasable or “non-sequestered” form and the sequestered antagonist
1s an orally bioavailable antagonist such as naltrexone. Such a dosage form would be a deterrent
to parenteral, nasal and oral abuse of the dosage form upon administration of a tampered dosage
form. The inclusion of the releasable non-orally bioavailable antagonist with the opioid agonist
would make the formulation more resistant to abuse by making the formulation resistant to
parenteral abuse even if the seguestered antagonist was separated from the dosage form, while
not affecting the agonist 1f administered intact.

In certain embodiments, the dosage form has a ratio of releasable opioid antagonist to

~opioid agonist that 1s analgesically effective when the combination is administered orally, but

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

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

In certain embodiments, the opioid agonist is oxycodone and the releasable antagonist 1s

naltrexone.

In certain embodiments, the ratio of releasable naltrexone to hydrocodone 1s from about

0.03:1 to about 0.27:1.

In certain embodiments, the ratio of releasable naltrexone to hydrocodone 1s from about
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0.05:1 to about 0.20:1.

In certain embodiments, the releasable opioid antagonist is naltrexone and the opioid
agonist 1s oxycodone, wherein the ratio of releasable naltrexone to oxyc~ done 1s from about
0.037:1 to about 0.296:1.

In certain embodiments, the releasable opioid antagonist 1s naltrexone and the releasable
opioid agonisf 1s codeine, wherein the ratio of releasable naltrexone to codeine is from about
0.005:1 to about 0.044:1.

In certain embodiments, the releasable opioid antagonist is naltrexone and the opioid
agonist is hydromorphone, wherein the ratio of releasable naltrexone to hydromorphone is from
about (0.148:1 to about 1.185:1.

In certain embodiments, the releasable opioid antagonist is naltrexone and the opioid
agonist 1s levorphanol, wherein the ratio of releasable naltrexone to levorphanol 1s from about
0.278:1 to about 2.222:1.

In certain embodiments, the releasable opioid antagonist 1s naltrexone and the opioid
agonist 1s meperidine, wherein the ratio of releasable naltrexone to meperidine 1s from about
0.0037:1 to about 0.0296:1.

In certain embodiments, the releasable opioid antagonist 1s naltrexone and the opioid
agonist 1s methadone, wherein the ratio of releasable naltrexone to methadone 1s from about
0.056:1 to about 0.444:1. .

In certain embodiments, the releasable opi1oid antagonist 1s naltrexone and the opioid
agonist 1s morphine, wherein the ratio of releasable naltrexone to morphine 1s from about 0.018:1
to about 0.148:1.

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

In certain embodiments, the releasable opioid antagonist 1s naltrexone and the opioid
agonist 1s codeine, wherein the ratio of releasable naltrexone to codeine 1s from about 0.0083:1 to -
about 0.033:1.

In certain embodiments, the releasable opioid-antagonist is naltrexone and the opioid
agonist 1s hydromorphone, wherein the ratio of releasable naltrexone to hyr .omorphone is from
about 0.222:1 to about 0.889:1.

In cértain embodiments, the releasable opioid antagonist 1s naltrexone and the opioid

agonist i1s levorphanol, wherein the ratio of releasable naltrexone to levorphanol is from about
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0.417:1 to about 1.667:1.

In certain embodiments, the releasable opioid antagonist is naltrexone and the opioid
agonist 1s meperidine, wherein the ratio of releasable naltrexone to mep'eridine is from about
0.0056:1 to about 0.022:1.

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

agonist 1s methadone, wherein the ratio of releasable naltrexone to methadone 1s from about

0.083:1 to about 0.333:1.

In certain embodiments, the releasable opioid antagonist is naltrexone and the opioid
agonist 1s morphine, wherein the ratio of releasable naltrexone to morphine 1s from about 0.028:1
to about 0.111:1.

In certain embodiments, the releasable antagonist is in an amount to attenuate a side effect
of the opioid agonist selected from the group consisting of anti-analgesia, hyperalgesia,
hyperexcitability, physical dependence, tolerance, and a combination of any of the foregoing.

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

In certain embodiments, the amount of the releasable opioid receptor antagonist 1s about

100 to about 1000 fold less than the amount of the opioid agonist.

In certain embodiments, the ratio of the amount of antagonist released from the dosage
form after tampering to the amount of the antagonist released from the intact dosage form 1s
about 3, 4, 10, 50 or 100:1; (w:w) or greater, based on the in-vitro dissolution at 1, 8, 24 and/or
36 hours of the dosage form in 900 ml of Simulated Gastric Fluid using a USP Type II (paddle)
apparatus at 75 rpm at 37 degrees C, with or without a switch to Simulated Intestinal Fluid after 1

hour.

The term “tampering”’ means any manipulation by mechanical, theirnal and/or chemical
means which changes the physical properties of the dosage form, e.g., to liberate the opioid
agonist for immediate release if it 1s in sustained release form, or to make the opioid agonist
available for inappropriate use such as administration by an alternate route, e.g., parenterally.
The tampering can be, e.g., by means of crushing, shearing, grinding, chewing, dissolution in a
solvent, heating (e.g., greater than about 45°C), or any combination thereof.

The term “at least partially blocking the opioid effect,” is deﬁnéd for purposes of the
present invention to mean that the opioid antagonist at least significantly olocks the euphoric
effect of the opioid agonist, thereby reducing the potential for abuse of the opioid agonist in the

dosage form.
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In certain preferred embodiments of the present invention, the substantially non-releasable
form or non-releasable form of the opioid antagonist comprises opioid antagonist particles in a
coating that substantially prevents or prevents the release of the antagonist. In preferred
embodiments, the coating comprising one or more of pharmaceutically acceptable hydrophobic
material. The coating is preferably impermeable-to the opioid antagonist contained therein and 1s
insoluble in the gastrointestinal system, thus substantially preventing the release of the opioid
antagonist when the dosage form s adminiétered orally as intended.

Accordingly, when the oral dosage form i1s not tampered with as to compromise the
integrity 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 available
for absorption. In certain preferred embodiments of the present invention, the hydrophobic
material comprises a cellulose polymer or an acrylic polymer that is insoluble in the
gastrointestinal fluids and impermeable to the opioid antagonaist.

The term “particles” of opi1oid antagonist, as used herein, refers to granules, spheroids,
beads or pellets comprising the opioid antagonist. In certain preferred embodiments, the opioid
antagonist particles are about 0.2 to about 2 mm in diameter, more preferably about 0.5 to about 2
mm 1n diameter.

In certain embodiments of the present invention, the releasable antagonist and the non-
releasable antagonist can be contained in the same component. For example, when the opioid
antagonist 1s coated with a coating that substantially prévents its release, and 1s then mixed with
an opioid agonist and compressed into tablets, certain amounts of the coating might be cracked,
thus exposing the opioid antagonist to be released upon oral administration. This release can be
modified and controlled to provide a desired effect as disclosed herein.

Preferably, the opioid agonist useful for the present invention may be selected from the
group consisting of morphine, hydromorphone, hydrocodone, oxycodone, codeine, levorphanol,
meperidine, methadone and mixtures thereof. Preferred examples of the opioid antagonist useful
for the present invention includes naltrexone, naloxone, nalmefene, cyclazacine, levallorphan,
pharmaceutically acceptable salts thereof and mixtures thereof.

In certain embodiments of the present invention, the ratio of the opioid agonist and the
opioid antagonist, present in the entire formulation (including releasable and non-releasable
form) 1s about 1:1 to about 50:1 by weight, preferably about 1:1 to about 20:1 by weight or 15:1
to about 30:1. The weight ratio of the opioid agonist to opioid antagonist, as used in this

application, refers to the weight of the active ingredients. Thus, for example, the weight of the
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opioid antagonist excludes the weigh;t of the coating or matrix that renders the opioid antagonist
substantially non-releasable, or other possible excipients associated with the antagonist particles.
In certain preferred embodiments, the ratio is about 1:1 to about 10:1 by weight. Since a portion
of the opioid antagonist is in a non-releasable from, the amount of such antagonist within the
dosage form may be varied more widely than the opioid agonist/antagonist combination dosage
forms where both are available for release upon administration 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 forn 1s selected as not to
be harmful to humans even if fully released by tampering with the dosage 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 1n a substantially non-releasable form, comprises naloxone, naltrexone or
pharmaceutically acceptable salts thereof.

The oral dosage form containing an opioid agonist in combination with the releasable and
non-releasable opioid antagonist includes, but are not limited to, tablets or capsules. The dosage
forms of the present invention may include any desired pharmaceutical excipients known to those
skilled in the art. The oral dosage forms may further provide an immediate release of the opioid
agonist. In certain embodiments, the oral dosage forms of the present mnvention provide a
sustained release of the opioid agonist contained therein, or a combination of controlled and
immediate release agonist. Such dosage forms of the opioid agonist may be prepared in
accordance with formulations/methods of manufacture known to those skilled in the art of
pharmaceutical formulation.

The benefits of the abuse-resistant dosage form are especially great in connection with
oral dosage forms of strong opioid agonists (e.g., oxycodone or hydrocodone), which provide
valuable analgesics but can be the subject of abuse. This 1s particularly true for sustained release
opioid agonist products which have a large dose of a desirable opioid agonist intended to be
released over a period of time in each dosage umit. Drug abusers take such sustained-release
product aﬁd crush, grind, extract or otherwise damage the product so that th= full contents 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 releasable antagonist) also
becoming available for absorption, the present invention provides a means for frustrating such
abuse. In addition, the present invention addresses the nisk of overdose to ordinary patients from

“dumping” effect of the full dose of the opioid agonist if the product 1s accidentally chewed or
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crushed.

The term “sustained release” 1s defined for purposes of the present invention as the release
of the opioid agonist from the oral dosage form at such a rate that blood (e.g., plasma)
concentrations (levels) are maintained within the therapeutic range (above the minimum effective
analgesic concentration or “MEAC") but below toxic levels over a period of 8 to 24 hours,
preferable over a period of time indicative of a twice-a-day or a once-a-dav formulation.

The invention may provide for a safer product (e.g., less respiratory depression), if the
product 1s misused, as well as one with less risk of abuse.

In certain embodiments, a combination of two opioid agonists 1s included i the
formulation. In further embodiments, one or more opioid agonist is included and a further non-
opiloid drug 1s also included. Such non-opioid drugs would preferably provide additional
analgesia, and include, for example, aspirin, acetaminophen, non-steroidal anﬁ-inﬂammatory
drugs (“NSAIDS"), NMDA antagonists, and cycooxygenase-II inhibitors (“COX-II inhibitors”).

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

For purposes of the present invention, the term “opioid agonist” i1s interchangeable with
the term “opioid” or “opioid analgesic” and shall include combinations of more than one opioid
agonist, and also include the base of the opioid, mixed agonist-antagonists, partial agonists,
pharmaceutically acceptable salts thereof, stereoisomers thereof, ethers and esters thereot, 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
acceptable salts thereof, stereoisomers thereof, ethers and esters thereof, and mixtures thereof.

The invention disclosed herein 1s meant to encompass all pharmaceutically acceptable
salts thereof of the disclosed opioid agonists and antagonists. The pharmaceutically acceptable
salts include, but are not limited to, metal salts such as sodium salt, potassium salt, secium salt
and the like; alkaline earth metals such as calcium salt, magnesium salt and the like; organic
amine salts such as triethylamine salt, pyridine salt, picoline salt, ethanolamine salt,
triethanolamine salt, dicyclohexylamine salt, N,N'-dibenzylethylenediamine salt and the like;
inorganic acid salts such as hydrochloride, hydrobromide, sulfate, phosphate and the like; organic
acid salts such as formate, acetate, trifluoroacetate, maleate, tartrate and the like; sulfonates such

as methanesulfonate, benzenesulfonate, p-toluenesulfonate, and the like; amino acid salts such as
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arginate, asparginate, glutamate and the like.

Some of the opioid agonists and antagonists disclosed herein may contain one or more
asymmetric centers and may thus give rise to enantiomers, diastereomers, and other
stereoisomeric forms. The present invention is also meant to encompass all such possible forms
as well as their racemic and resolved forms and mixtures thereof. When the compounds described
herein contain olefinic double bonds or other centers of geometric asymmetry, and unless
specified otherwise, it is intended to include both E and Z geometric 1somers. All tautomers are
intended to be encompassed by the present invention as well.

As used herein, the term "stereoisomers" 1s a general term .for all 1somers of individual
molecules that differ only in the orientation of their atoms 1s space. It includes enantiomers and

1somers of compounds with more than one chiral center that are ot mirror irnages of one another

(diastereomers).

The term "chiral center” refers to a carbon atom to which four different groups are

attached.

The term "enantiomer" or "enantiomeric" refers to a molecule that 1s nonsuperimposeable
on its mirror image and hence optically active wherein the enantiomer rotates the plane of
polarized light in one direction and its mirror image rotates the plane of pnlarized light in the
opposite direction.

The term "racemic” refers to a mixture of equal parts of enantiomers and which is
optically inactive.

The term "resolution" refers to the separation or concentration or depletion of one of the

two enantiomeric forms of a molecule.

The present invention is further directed to a method of decreasing the potential for abuse
of an opioid agonist 1n an oral dosage form. The method comprises providi- g the opioid agonist

in an oral dosage form as described herein.

- DETAILED DESCRIPTION OF THE INVENTION
It has been postulated that there exists at least three subspecies of opioid receptors,
designated mu, kappa, and delta. Within this framework, the mu receptor is considered to be
involved 1n the production of superspinal analgesia, respiratory depression, euphoria, and
physical dependence. The kappa receptor 1s considered to be involved in induéing spinal
analgesia, miosis and sedation. Activation of the gamma receptors causes dysphoria and

hallucinations, as well as respiratory and vasomotor stimulatory effects. A receptor distinct from

15




10

15

20

25

30

35

CA 02457361 2004-02-05
WO 03/0133525 PCT/US02/24944

the mu receptor and designated gamma has been described in the mouse vas deferens, Lord, etal.

Nature, 1977, 267, 495-99. Opioid agonists are thought to exert their agonist actions primarily at
the mu receptor. and to a lesser degree at the kappa receptor. There are a few drugs that appear to
act 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 as competitive
antagonists at the mu receptor and block the effects of morphine-like drugs, by exerting their
actions at the kappa and omega receptors. The term agonist-antagonist has evolved to describe
such mechanism of actions.

The present invention 1s directed to a controlled release 6pi0id analgesic, similar 1n
analgesic spectrum to existing controlled-release opioid analgesics, which 1s formulated in order
to reduce and minimize misuse, abuse and diversion. In certain embodiments, these
characteristics are conferred by the inclusion of an opioid antagonist such as naltrexone HCI,
which 1s itself formulated in a unique controlled release matrix. The properties of this
formulation are developed to liberate the antagonist in conditions of misuse or tampering yet a
negligible amount of antagonist would be released (an amount which Joes not affect the
analgesia 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 1s expressed 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 1s
therefore expressed as [Crushed],[Whole], and it is desired that this ratio have a numerical range
of at least 3:1 or greater (crushed release in 1 hour/ intact release in 1 hour).

In certain preferred embodiments, the opioid antagonist in a substantially non-releasable
form comprises opi1oid antagonist particles coated with a coating that substantially prevents its
release. In preferred embodiments, such coating surrounds the antagonist particles and is
impermeable to the drug and is insoluble 1n the gastrointestinal system. When the dosage form of
the present invention is orally administered to humans, the opioid antagonist is not substantially
released from the coating and s, therefore, not available for absorption into the body. Thus, the
opioid antagonist, although present in the dosage form, does not substantially block the analgesic
effectiveness of the opioid agonist. However, if the oral dosage form of the present invention is
tampered with as to compromise the integrity of the coating, the opioid antagonist contained
therein would be made available to at least partially block the effect of the opioid agonist. This
characternistic decreases the potential for abuse or diversion of the dpioid agonist in the oral

dosage form. For example, 1f one attempts to abuse the drug contained in the oral dosage form of
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the present invention by, e.g., chewing, crushing, 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
prevent the opioid antagonist from being released. Upon administration, the opioid antagonist
will be released and significantly block the euphoric effect of the opioid agonist.

In certain embodiments of the invention, the ratio of the opioid agonist to the coated
opioid antagonist is such that when the oral dosage form 1s tampered with a< to compromise the
integrity of the coating that renders the opioid antagonist substantially non-releasable, the
euphoric effect of the agonist would be negated by the opioid antagonist when misused by a
human subject orally, parenterally, intranasally or sublingually. In certain preferred embodiments
of the invention, the euphoric effect of the opioid agonist would be negated by the opioid
antagonist when misused parenterally or sublingually. |

In certain other embodiments of the present invention, the opioid antagonist in a
substantially non-releasable form comprises an opioid antagonist dispersed in a matrix that
renders the antagonist substantially non-releasable, wherein the matrix comprises one or more of
a pharmaceutically acceptable hydrophobic material. The antagonist is substantially not released
from the matrix, thus 1s not made available to be absorbed during its transit through the
gastrointestinal system.

In certain 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 o1 a pharmaceutically
acceptable hydrophobic matenal.

All discussion herein directed to the non-releasable component and its release upon
tampering as well as all general discussion 1s 1n addition to the releasable antagonist of the intact
dosage form. As discussed, the releasable form of the antagonist can be released from the same
component as the non-releasable, from a separate component or from a combination of both
components.

The releasable antagonist of the present invention can comprises an amount of the opioid
antagonist such as naltrexone in an amount (1) which does not cause a reduction in the level of
analgesia elicited from the dosage form upon oral administration to a non-therapeutic level and
(i1) which provides at least a mildly negative, “aversive” experience in physically dependent
human subjects, for example, physically dependent addicts (e.g., precipitated abstinence

syndrome) when taking one dosage form or more than one dosage form. Preferably, the amount

of antagonist included in the intact oral dosage form is (ii1) less positively reinforcing (e.g., less
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“liked”) by a non-physically dependent human subject, €.g., opioid addict, than a comparable oral
dosage form without the antagonist included.

The amount of antagonist which 1s useful to achieve parameters (i) - (i11) set forth in the
preceding paragraph may be determined at least in part, for example, through the use of
“surrogate” tests, such as a VAS scale (where the subject grades his/her perception of the effect
of the dosage form) and/or via a measurement such as pupil size (measured by pupillometry).
Such measurements allow one skilled in the art to determine the dose of antagonist relative to the
dose of agonist which causes a diminution in the opiate effects of the agonist. Subsequently, one
skilled in the art can determine the level of opioid antagonist that causes aversive effects in
physically dependent subjects as well as the level of opioid antagonist that minimizes “liking
scores’ or oploid reinforcing pfoperties in non-physically dependent addicts. Once these levels
of opioid antagonist are determined, it is then possible to determine the range of antagonist
dosages at or below this level which would be useful in achieving parameters (1) - (111) set forth in
the preceding paragraph.

In certain preferred embodiments, the opioid agonist or analgesic is selected from the
group consisting of hydrocodone, morphine, hydromorphone, oxycodone, codeine, levorphanol,
meperidine, methadone, or salts thereof, or mixtures thereof. In certain preferred embodiments,
the opioid agonist 1s hydrocodone or oxycodone. Equianalgesic doses of these opioids, in

comparision to a 15 mg dose of hydrocodone, are set forth in Table 1 below:

Table 1: Equianalgesic Doses of Opioids

Opioid Calculated Dose (mg)

Oxycodone

Codeine

Hydrocodone

Hydromorphone 3.375

Levorphanol 1.8

Meperidine 135.0

Methadone

9.0

»
v
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Morphine 27.0
N
Based on a ratio of releasable naltrexone in an amount from about 0.5 to about 4 mg per
15 mg of hydrocodone, the approximate ratio of naltrexone to 1mg of each opioid is set forth in
Table 2:
Table 2: Weight Ratio of Naltrexone per Dose Opioid
Opioid Weight Ratio Naltrexone per
1 mg Opioid
Oxycodone 0.037 to 0.296
Codeine 0.005 to 0.044
Hydrocodone 0.033 to 0.267
Hydromorphone 0.148 to 1.185
Levorphanol 0.278 to 2.222
Meperidine 0.0037 to 0.0296 |
10

Based on a ratio of about 0.75 nig to about 3 mg naltrexone per 15 mg hydrocodone of

naltrexone, the approximate ratio of naltrexone to 1mg of each opioid is set forth in Table 3:

Table 3: Weight Ratio of Naltrexone per Dose Opioid

Weight Ratio Naltrexone

Oxycodone

0.056 to 0.222
0.0083 to 0.033

Hydromorphone 0.222 to 0.889
-

Codeine
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Levorphanol 0.417 to 1.667

Meperidine 0.0056 to 0.022
Morphine 1 0.028 to 0.111
]

Ratios of opioids to other antagonists besides naltrexone can be obtained
by comparing equivalent doses of other antagonists to equal doses of naltrexone.
The specification and examples of W(099/032119 disclose releasable opioid

antagonist/agonist formulations.

The releasable antagonist of the present invention can comprises an amount of the opioid
antagonist which can selectively enhancing the potency of the opioid agonists and
simultaneously attenuating undestrable side-effects, including physical dependence, caused by the
chronic administration of said opioid agonists. Morphine and other bimodally-acting
(inhibitory/excitatory) opioid agonists bind to and activate inhibitory aud 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 bf physical dependence, tolerance, hyperexcitability, hyperalgesia
and other undesirable side-effects. The co-administration of the releasable opioid antagonist
which binds to and inactivates excitatory opioid receptors results in the blocking of excitatory

anti-aﬁalgesic side-effects of said opioid agonists on these neurons, thereby resulting in enhanced
analgesic potency which permits the use of lower doses of morphine or the
conventional opioid analgesics. U.S. Patent No. 5,472,943 describes such

formulations and methods.

All known references of releasable opioid antagonists with opioid agonists such as U.S.
Patent No. 3,773,955 (Pachter, et al.), U.S. Patent No. 3,493,657 (Lewenstein, et al.) U.S. Patent
No. 4,457,933 (Gordon, et al.); U.S. Patent No. 4,582,835 (Lewis) U.S. Patent Nos. 5,512,578;
5,472,943, 5,580,876; and 5,767,125 (Crain) and U.S. Patent No. 4,769,372 and 4,785.000

(Kreek) can be combined with a sequestered antagonist as disclosed herein.
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The teachings of U.S. Patent No. 6,696,088 and U.S. Patent No. 6,716,449

are useful in combination with the invention as disclosed herein.

All commercial products of opioid agonist and releasable antagonists can be combined
with a sequestered antagonist as disclosed herein. For example, Talwin NX can be formulated
with a sequestered antagonist to reduce oral abuse as well as parenteral abuse of the opioid
therein.

In preferred embodiments, opioid agonists useful in the present invention include, but are
not limited to, alfentanil, allylprodine, alphaprodine, anileridine, benzylmciphine, bezitramide,
buprenorphine, butorphanol, clonitazene, codeine, desomorphine, dextromoramide, dezocine,
diampromide, diamorphone, di-hydrocodeine, dihydromorphine, dimenoxadol, dimepheptanol,
dimethylthiambutene, dioxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine, |
ethylmethylthiambutene, cthylmorphine, etonitazene, etorphine, dihydroetorphine, fentanyl and
denivatives, heroin, hydrocodone, hydromorphone, hydroxypethidine, isomethadone,
ketobemidone, levorphanol, levophenacylmorphan, lofentanil, meperidine, meptazinol,
metazocine, methadone, metopon, morphine, myrophine, narceiue, nicomorphine,
norievorphanol, normethadone, nalorphine, nalbuphene, normorphine, norpipanone, opium,
oxycodone, oxymorphoﬁe, papaveretum, pentazocine, phenadoxone, phenomorphan,
phenazocine, phenopendine, piminodine, piritramide, propheptazine, promedol, properidine,
propoxyphene, sufentanil, tilidine, tramadol, mixtures of any of the foregoing, salts of any of the
forcgoi‘ng, and the hike. In certain embodiments, the amount of the opioid agonist in the claimed
optoid composition may be about 75 ng to 750 mg.

Although hydrocodone and oxycodone are effective in the management of pain, there has
been an increase in their abuse by individuals who are psychologically dependent on opioids or
who misuse opioids for non-therapeutic reasons. Previous experience with other opioids has
demonstrated a decreased abuse potential when opioids are administered in combination with a

narcotic antagonist especially in patients who are ex-addicts. Weinhold LL, et al. Buprenorphine
Alone and in Combination with Naltrexone in Non-Dependent Humans, Drug and Alcohol

Dependence 1992; 30:263-274, Mendelson J., etal., Buprenorphine and Naloxone Interactions in
Opiate-Dependent Volunteers, Clin Pharm Ther 1996; 60:105-114. These
combinations, however, do not contain the opioid antagonist that is in a
substantially non-releasable form. Rather, the opioid antagonist is released in the
gastrointestinal system when orally administered and is made available for

absorption, relying on
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the physiology of the host to diffefentially metabolize the agonist and antagonist and negate the

agonist effects.

Hydrocodone is a semisynthetic narcotic analgesic and antitussive with multiple central

nervous system and gastrointestinal actions. Chemically, hydrocodone 1s 4,5-epoxy-3-methoxy-

- 17-methylmorphinan-6-one, and is also known as dihydrocodeinone. Like other opioids,

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

Oral hydrocodone 1s also available in Europe (Belgium, Germany, Greece, Italy,
Luxembourg, Norway and Switzerlaﬁd) as an antitussive agent. A parenteral formulation is also
available in Germany as an antitussive agent. For use as an analgesic, hydrocodone bitartrate 1s
commercially available 1n the United States only as a fixed combination with ﬁon-Opiate drugs
(1.e., ibuprofen, acetaminophen, aspirin, etc.) for relief of moderate or moderately severe pain.

A common dosage form of hydrocodone 1s in combination with acetaminophen, and 1s
commercially available, e.g., as 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/acetaminophen tablets. Tablets are also available in
the ratio of 7.5mg hydrocodone bitartrate and 650mg acetaminophen; and 7.5mg hydrocodone
bitartrate and 750mg acetaminophen. Hydrocodone in combination with aspirin is given in an
oral dosage form to adults generally in 1-2 tablets every 4-6 hours as needed to alleviate pain.
The tablet form 1s Smg hydrocodone bitartrate and 224mg aspirin with 32mg caffeine; or Smg
hydrocodone bitartrate and S00mg aspirin. A relatively new formulation comprises hydrocodone
bitartrate and 1buprofen. Vicoprofeh®, commercially available in the U.S. from Knoll
Laboratories, 1s a tablet containing 7.5 mg hydrocodone bitartrate and 200 mg ibuprofen. The
present invention is contemplated to encompa:ss all such formulations, with the inclusion of an
opioid antagonist in releasable and non-releasable form.

Oxycodone, chemically known as  4,5-expoxy-14-hydroxy-3-methoxy-17-
methylmorphinan-6-one, is an opioid agonist whose principal therapeutic action is analgesia.
Other therapeutic effects of oxycodone include anxiolysis, euphoria and feelings of relaxation.
The precise mechanism of its analgesic action 1s not known, but specific CNS opioid receptors
for endogenous compounds with opioid-like activity havé been 1dentified throughout the brain
and spinal cord and play a role in the analgesic effects of this drug.

Oxycodone 1s commercially available in the United States, e.g., as Oxycontin® from
Purdue Pharma L.P. as controlled-release tablets for oral administration containing 10 mg, 20

mg, 40 mg or 80 mg oxycodone hydrochloride, and as OxyIR™, also from Purdue Pharma L.P.,
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as immediate-release capsules containing 5 mg oxycodone hydrochloride. “( he present invention
1s contemplated to encompass all such formulations, with the inclusion of an opioid antagonist 1n
a substantially non-releasable form.

In preferred embodiments, the oploid antagonist of the present invention includes
naltrexone, nalmefene, cyclazacine, levallorphan and mixtures thereof. In certain preferred
embodiments, the opioid antagonist 1s naloxone or naltrexone. In certain embodiments, the
amount of the opioid antagonist, present in a substantially non-releasable form, may be about 10
ng to 275 mg.

Naloxone 1s an opi1oid antagonist which 1s almost void of agonist effects. Subcutaneous
doses of up to [2 mg of naloxone produce no discemable subjective effects, and 24 mg naloxone
causes only shight drowsiness. Small do.ses (0.4-0.8 mg) of naloxone given intramuscularly or
intravenously in man prevent or promptly reverse the effects of morphine-like opioid agonist.
One mg of naloxone intravenously has been reported to completely block the effect of 25 mg of
heroin. The effects of naloxone are seen almost immediately after intravenous administration.
The drug 1s absorbed after oral admunistration, but has been reported to be metabolized into an
inactive form rapidly in its first passage 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 been reported to be almost completely metabolized in less than 24 hours. It has been
reported that 25% of naloxone administered sublingually is absorbed. Weinberg, et al.,
Sublingual Absorption of selected Opioid Analgesics, Clin Pharmacol Ther. (1988); 44:335-340.

Other opiotd 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 doses.

In the treatment of patients previously addicted to opioids, naltrexone has been used in
large oral doses (over 100 mg) to prevent euphongenic effects of opioid agonists. Naltrexone has
been reported to exert strong preferential blocking action against mu over delta sites. Naltrexone
1s known as a synthetic congener of oxymorphone with no opioid agonist pr'Opertics, and differs
in structure from oxymorphone by the replacement of the methy1 group located on the nitrogen
atom of oxymorphone with a cyclopropylmethyl grcup. The hydrochloride salt of naltrexone is
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