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(57) ABSTRACT 

Patients are treated With 24-hour oral sustained release 
opioid formulations Which, upon administration, provide an 
initially rapid opioid absorption such that the minimum 
effective analgesic concentration of the opioid is more 
quickly achieved. These sustained release opioid formula 
tions include an effective amount of at least one retardant 
material to cause said opioid analgesic to be released at a 
such a rate as to provide an analgesic effect after oral 
administration to a human patient for at least about 24 hours, 
and are characterized by providing an absorption half-life 
from 1 to about 8 hours. A method of titrating a human 
patient utilizing these sustained release opioid formulations 
is also disclosed. 
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METHOD OF TREATING PAIN BY 
ADMINISTERING 24 HOUR ORAL OPIOID 

FORMULATIONS EXHIBITING RAPID RATE OF 
INITIAL RISE OF PLASMA DRUG LEVEL 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to bioavailable sus 
tained-release pharmaceutical formulations of analgesic 
drugs, in particular opioid analgesics, Which provide an 
extended duration or effect When orally administered. 

[0002] It is the intent of all sustained-release preparations 
to provide a longer period of pharmacologic response after 
the administration of the drug than is ordinarily experienced 
after the administration of the rapid release dosage forms. 
Such longer periods of response provide for many inherent 
therapeutic bene?ts that are not achieved With corresponding 
short acting, immediate release preparations. This is espe 
cially true in the treatment of cancer patients or other 
patients in need of treatment for the alleviation of moderate 
to severe pain, Where blood levels of an opioid analgesic 
medicament must be maintained at a therapeutically effec 
tive level to provide pain relief. Unless conventional rapid 
acting drug therapy is carefully administered at frequent 
intervals to maintain effective steady state blood levels of the 
drug, peaks and valleys in the blood level of the active drug 
occur because of the rapid absorption, systemic excretion of 
the compound and through metabolic inactivation, thereby 
producing special problems in maintenance of analgesic 
e?icacy. 
[0003] The prior art teaching of the preparation and use of 
compositions providing the sustained-release of an active 
compound from a carrier is basically concerned With the 
release of the active substance into the physiologic ?uid of 
the alimentary tract. HoWever, it is generally recogniZed that 
the mere presence of an active substance in the gastrointes 
tinal ?uids does not, by itself, insure bioavailability. 

[0004] In order to be absorbed, the active drug substance 
must be in solution. The dissolution time required for a given 
proportion of an active substance from a unit dosage form is 
determined as the proportion of the amount of active drug 
substance released from a unit dosage form over a speci?ed 
time base by a test method conducted under standardiZed 
conditions. The physiologic ?uids of the gastrointestinal 
tract are the media for determining dissolution time. The 
present state of the art recogniZes many satisfactory test 
procedures to measure dissolution time for pharmaceutical 
compositions, and these test procedures are described in 
o?icial compendia World Wide. 

[0005] The primary principle guiding the use of opioid 
analgesics in the management of chronic pain is the indi 
vidualiZation of dosages to meet the different and changing 
opioid requirements among and Within each individual 
patient. Pain management authorities stress the importance 
of titration. Titration to the appropriate dose for a particular 
patient is necessitated by the Wide inter-individual differ 
ences in the response of different patients to given doses of 
opioids. While a multitude of factors are responsible for 
Wide inter-individual differences in the response to opioid 
analgesics, one important factor is rooted in the Wide inter 
individual variation in metabolism and pharrnacokinetics. 

[0006] Those opioids Which are most e?iciently titrated 
are those With relatively short elimination half-lives in the 
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range of 3 to 5 hours (e.g., morphine, hydromorphone, 
oxycodone) as compared to long (12 to 72 hours) and more 
variable half-life analgesics (e.g., methadone, levorphanol). 
The shorter half life drugs approach steady-state concentra 
tions in approximately a day rather than in several days to a 
Week or more. Only at steady-state can one expect that the 
balance betWeen e?icacy and side effects Will persist at a 
given dosing schedule. Having con?dence that the patient is 
at approximate steady-state a day or so folloWing initiation 
of dosing alloWs for much quicker assessment of Whether 
the dosage is appropriate for that individual. 

[0007] Once-a-day orally administrable dosage forms 
have previously been developed in the art and are commer 
cially available. Presently, hoWever, there are no commer 
cially available sustained-release 24-hour opioid analgesic 
preparations; hoWever, experience With the 12-hour sus 
tained release preparations have led to a general understand 
ing in the medical community that in order to titrate a patient 
Who is to receive opioid analgesic therapy it is necessary to 
use an immediate release opioid analgesic dosage form, such 
as a parenteral formulation, an immediate release solution or 
tablet, or the like. Only after a suitable steady-state level is 
achieved in the patient by using immediate release opioid 
preparations may a patient be sWitched to a sustained release 
oral opioid formulation. 

[0008] It therefore folloWs that it Would be very desirable 
for practitioners to have available a sustained-release opioid 
analgesic preparation Which provides appropriate pharma 
cokinetic parameters (e.g., absorption pro?le) and accom 
panying pharmacodynamic response in the patient (e.g., 
relief from pain) such that the same dosage form may be 
used to both titrate a patient receiving opioid analgesic 
therapy and used in chronic maintenance therapy after 
titration of the patient. This Would eliminate the need to ?rst 
titrate a patient on an immediate release opioid dosage form 
before sWitching the patient to a sustained-release dosage 
form for chronic therapy as described above. Preferably the 
sustained-release preparations Will provide a duration of 
effect lasting longer than about tWelve hours such that a drug 
that may be administered to a patient only once a day. 
Preferably, the sustained release dosage form Will not only 
provide effective pain relief for a duration of greater than 
about 12 hours, but Will additionally provide a pharmaco 
kinetic and pharmacodynamic pro?le Which Will alloW a 
patient Who is to receive opioid analgesic therapy to be 
titrated and chronically treated With the same sustained 
release dosage form. 

[0009] Many of the oral opioid analgesic formulations that 
are currently available in the market must be administered 
every four to six hours daily; a selected feW are formulated 
for less frequent 12 hour dosing. 

[0010] There is also a need to develop a drug formulation 
Which provides an absorption pro?le Which is suitable for 
both titrating a patient Who is receiving opioid analgesic 
therapy and Which also provides sustained release of an 
opioid analgesic su?icient to provide analgesia for at least 
about 12 hours duration. This Would eliminate the need to 
?rst titrate a patient With immediate release dosage forms 
(eg parenteral, oral, rectal) of opioid analgesic and then 
sWitch the patient to a sustained release form of the opioid 
analgesic. 
[0011] Morphine, Which is considered to be the prototypic 
opioid analgesic, has been formulated into tWice-daily con 
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trolled-release formulations (i.e., MS Contin® tablets, com 
mercially available from Purdue Frederick Company; and 
Kapanol®, commercially available from EH. Faulding and 
Company; and Oramorph® SR, previously referred to as 
Roxanol® SR, commercially available from Roxane). 

[0012] An orally administrable opioid formulation Which 
Would provide an extended duration of analgesia Without 
higher incidence of adverse effects Would be highly desir 
able. Such an oral sustained-release formulation of an opioid 
analgesic Would be bioavailable and provide effective 
steady-state blood levels (e.g., plasma levels) of the drug 
When orally administered such that a duration of analgesic 
ef?cacy about 24 hours or more is obtained. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0013] It is accordingly an object of the present invention 
to provide a method for treating patients in moderate to 
severe pain With an orally administered pharmaceutical 
dosage form of an opioid analgesic that is suitable for 
once-a-day administration. 

[0014] It is yet another object of the present invention to 
provide a method for treating patients With a once-a-day 
opioid analgesic formulation Which provides greater anal 
gesic ef?cacy than that Which is obtainable With the pre 
ferred Q12H (every 12 hour) analgesic therapies. 

[0015] It is further an object of the present invention to 
provide an opioid analgesic dosage form Which provides 
sustained-release of the opioid and is also capable for use in 
titrating a patient receiving opioid analgesic therapy. 

[0016] In accordance With the above objects and others, 
the present invention is related in part to the surprising 
discovery that in order to provide a 24 hour dosage form of 
an opioid analgesic, it is critical to formulate a sustained 
release formulation in pain With an analgesic preparation 
Which provides an initially rapid opioid release so that the 
minimum effective analgesic concentration can be quickly 
approached in many patients Who have measurable if not 
signi?cant pain at the time of dosing. Due to the unique 
release pro?le of the dosage form of the invention, it is 
possible to use a single dosage form according to the present 
invention to titrate a patient receiving opioid analgesic 
therapy While providing sustained-release of an opioid anal 
gesic to once-a-day sustained release oral dosage opioid 
formulations Which comprise an opioid analgesic and an 
effective amount of at least one retardant material to cause 
the opioid analgesic to be released at an effective rate to 
provide an analgesic effect after oral administration to a 
human patient for at least about 24 hours. 

[0017] The inventive formulations, When administered in 
humans, provide an initially rapid rate of rise in the plasma 
concentration of the opioid characteriZed by providing an 
absorption half-life from 1.5 to about 8 hours. In preferred 
embodiments, the inventive once-daily oral sustained 
release formulations provides an absorption half-life from 2 
to about 4 hours. 

[0018] The present invention is also directed to a method 
for titrating human patients With a sustained release oral 
opioid formulation. The ?rst step of this method comprises 
administering to a human patient on a once-a-day basis a 
unit dose of the inventive once-a-day oral sustained release 
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opioid formulations described above and in the folloWing 
paragraphs. Thereafter, the method includes the further step 
of monitoring pharmacokinetic and pharmacodynamic 
parameters elicited by said formulation in said human 
patient and determining Whether said pharmacokinetic and/ 
or pharmacodynamic parameters are appropriate to treat said 
patient on a repeated basis. The patient is titrated by adjust 
ing the dose of said opioid analgesic administered to the 
patient by administering a unit dose of said sustained release 
opioid analgesic formulation containing a different amount 
of opioid analgesic if it is determined that said pharmaco 
kinetic and/or said pharmacodynamic parameters are not 
satisfactory or maintaining the dose of said opioid analgesic 
in the unit dose at a previously administered amount if said 
pharmacokinetic and/or pharmacodynamic parameters are 
deemed appropriate. The titration is continued by further 
adjusting the dose of the opioid analgesic until appropriate 
steady-state pharmacokinetic/pharmacodynamic parameters 
are achieved in the patient. Thereafter, the administration of 
the dose of the opioid analgesic in the oral sustained release 
formulation is continued on a once-a-day basis until treat 
ment is terminated. 

[0019] The term “bioavailability” is de?ned for purposes 
of the present invention as the extent to Which the drug (e. g., 
opioid analgesic) is absorbed from the unit dosage forms. 

[0020] The term “sustained release” is de?ned for pur 
poses of the present invention as the release of the drug (e. g., 
opioid analgesic) at such a rate that blood (e.g., plasma) 
levels are maintained Within the therapeutic range but beloW 
toxic levels over a period of time of about 24 hours or longer. 

[0021] The phrase “rapid rate of rise” With regard to 
opioid plasma concentration is de?ned for purposes of the 
present invention as signifying that the formulation provides 
a Tl/2 (abs), or half-life of absorption, from 1.5 about hours 
to about 8 hours. 

[0022] The term Tl/2 (abs) is de?ned for purposes of the 
present invention as the amount of time necessary for 
one-half of the absorbable dose of opioid to be transferred to 
plasma. This value is calculated as a “true” value (Which 
Would take into account the effect of elimination processes), 
rather than an “apparent” absorption half-life, 

[0023] The term “steady state” means that a plasma level 
for a given drug has been achieved and Which is maintained 
With subsequent doses of the drug at a level Which is at or 
above the minimum effective therapeutic level and is beloW 
the minimum toxic plasma level for a given drug. For opioid 
analgesics, the minimum effective therapeutic level Will be 
a partially determined by the amount of pain relief achieved 
in a given patient. It Will be Well understood by those skilled 
in the medical art that pain measurement is highly subjective 
and great individual variations may occur among patients. 

[0024] The terms “maintenance therapy” and “chronic 
therapy” are de?ned for purposes of the present invention as 
the drug therapy administered to a patient after a patient is 
titrated With an opioid analgesic to a steady state as de?ned 
above. 

BRIEF DESCRIPTION OF TILE DRAWINGS 

[0025] The folloWing draWings are illustrative of embodi 
ments of the invention and are not meant to limit the scope 
of the invention as encompassed by the claims. 
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[0026] FIG. 1 is a graphical representation of the mean 
sedation vs. time curve for Example 1 (fasted); 

[0027] FIG. 2 is a graphical representation of the mean 
sedation vs. time curve for Example 2 (fasted); 

[0028] FIG. 3 is a graphical representation of the mean 
respiratory rate vs. time curve for Example 1 (fasted); 

[0029] FIG. 4 is a graphical representation of the mean 
respiratory rate vs. time curve for Example 2 (fasted); 

[0030] FIG. 5 is a graphical representation of the mean 
pupil siZe V. time curve for Example 1 (fasted); 

[0031] FIG. 6 is a graphical representation of the mean 
pupil siZe vs. time curve for Example 2 (fasted); 

[0032] FIG. 7 is a graphical representation of the means 
subject questionnaire vs. time curve for Example 1 (fasted); 

[0033] FIG. 8 is a graphical representation of the means 
subject questionnaire vs. time curve for Example 2 (fasted); 

[0034] FIG. 9 is a graphical representation of the mean 
plasma morphine concentration-time pro?le obtained With 
the Comparative Example (MS Contin 30 mg) (fasted) as 
compared to the capsules of Example 1 (fed and fasted) and 
Example 2 (fasted); 

[0035] FIG. 10 is a graphical representation of the mean 
plasma morphine concentration-time pro?le obtained With 
the Comparative Example (MS Contin 30 mg) (fasted) as 
compared to the capsules of Example 3 (fed and fasted); 

[0036] FIG. 11 is a graphical representation of the mean 
sedation vs. time curve for Example 3 (fasted); 

[0037] FIG. 12 is a graphical representation of the mean 
respiratory rate vs. time curve for Example 3 (fasted); 

[0038] FIG. 13 is a graphical representation of the mean 
pupil siZe V. time curve for Example 3 (fasted); and 

[0039] FIG. 14 is a graphical representation of the mean 
subject modi?ed speci?c drug effect questionnaire vs. time 
curve for Example 2 (fasted). 

DETAILED DESCRIPTION 

[0040] Even at steady-state dosages of opioid analgesics, 
most patients remain in measurable or signi?cant pain. The 
state-of-the-art approach to controlled release opioid therapy 
is to provide formulations Which exhibit Zero order phar 
macokinetics and have minimal peak to trough ?uctuation in 
opioid levels With repeated dosing. This Zero order release 
provides very sloW opioid absorption, and a generally ?at 
serum concentration curve over time. A ?at serum concen 

tration curve is generally considered to be advantageous 
because it Would in effect mimic a steady-state level Where 
ef?cacy is provided but side effects common to opioid 
analgesics are minimized. HoWever, by formulating sus 
tained release opioids in this manner, it has been discovered 
that the patients often experience considerable discomfort at 
about the time the next oral dose of the opioid is adminis 
tered. 

[0041] It has noW been surprisingly discovered that 
quicker and greater analgesic ef?cacy is achieved by 24 hour 
oral opioid formulations Which do not exhibit a substantially 
?at serum concentration curve, but Which instead provide a 
more rapid initial opioid release so that the minimum 
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effective analgesic concentration can be more quickly 
approached in many patients Who have measurable if not 
signi?cant pain at the time of dosing. Even at steady-state 
dosages of oral opioid analgesics, most patients have been 
found to remain in measurable or signi?cant pain and Would 
bene?t greatly from treatment With the novel approach to 
oral opioid treatment disclosed herein. Also surprising and 
unexpected is the fact that While the methods of the present 
invention achieve quicker and greater analgesic ef?cacy, 
there is not a signi?cantly greater incidence in side effects 
Which Would normally be expected as higher peak plasma 
concentrations occur. 

[0042] De?ning e?fective analgesic plasma opioid (e.g., 
morphine) levels is very complex. HoWever, there is gen 
erally a “minimally e?fective analgesic concentration” 
(MEAC) in plasma for a particular opioid beloW Which no 
analgesia is provided. While there is an indirect relationship 
betWeen, e.g., plasma morphine levels and analgesia, higher 
plasma levels are generally associated With superior pain 
relief. There is a lag time or hysteresis, betWeen the time of 
peak plasma opioid levels and the time of peak drug effects. 
This holds true for the treatment of pain With opioid anal 
gesics in general. 

[0043] The inventive sustained release once-a-day formu 
lations may be characterized by the fact that they are 
designed to provide an initially rapid rate of rise in the 
plasma concentration of said opioid characterized by pro 
viding an absorption half-life from about 1 to about 8 hours, 
When the oral sustained release formulation is administered 
in the fasted state (i.e., Without food). In certain embodi 
ments, the absorption half-life is preferably from about 1 to 
about 6 hours, and more preferably from about 1 to about 3 
hours. 

[0044] The inventive formulations may be further charac 
teriZed by having a surprisingly fast time to peak drug 
plasma concentration (i.e., tmax). The tmax of the sustained 
release formulations of the present invention may be from 
about 2 to about 10 hours. In certain preferred embodiments, 
the tmax provided by these formulations may be from about 
4 to about 9 hours. 

[0045] The administration of 24-hour opioid oral sus 
tained release formulations in accordance With the present 
invention reveals a greater degree of intensity of certain 
pharrnacodynamic endpoints during the earlier portions of 
the plasma concentration curve (e.g., 4-8 hours after oral 
administration), such as sedation respiratory rate, pupil siZe, 
and/or combined scores from a questionnaire of opioid 
effects reported by the subjects at serial times folloWing each 
treatment (i.e., administration of the oral dosage form). 
Other measures of analgesic ef?cacy such as sum of pain 
intensity di?ference (SPID) and total pain relief (TOTPAR) 
have consistently higher numerical scores via the presently 
claimed methods, While also generating in many cases feWer 
adverse events (Which in general are predominantly mild or 
moderate somnolence, nausea and/or diZZiness). 

[0046] Opioid analgesic compounds Which may be used in 
the present invention include alfentanil, allylprodine, 
alphaprodine, anileridine, benZylmorphine, beZitramide, 
buprenorphine, butorphanol, clonitaZene, codeine, cyclaZo 
cine, desomorphine, dextromoramide, deZocine, diampro 
mide, dihydrocodeine, dihydromorphine, dimenoxadol, 
dimepheptanol, dimethylthiambutene, dioxaphetyl butyrate, 
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dipipanone, eptaZocine, ethoheptaZine, ethylmethylthiam 
butene, ethylmorphine, etonitaZene fentanyl, heroin, hydro 
codone, hydromorphone, hydroxypethidine, isomethadone, 
ketobemidone, levallorphan, levorphanol, levophenacyl 
morphan, lofentanil, meperidine, meptaZinol, metaZocine, 
methadone, metopon, morphine, myrophine, nalbuphine, 
narceine, nicomorphine, norlevorphanol, normethadone, 
nalorphine, norrnorphine, norpipanone, opium, oxycodone, 
oxymorphone, papaveretum, pentaZocine, phenadoxone, 
phenomorphan, phenaZocine, phenoperidine, piminodine, 
piritramide, propheptaZine, promedol, properidine, propi 
ram, propoxyphene, sufentanil, tramadol, tilidine, salts 
thereof, mixtures of any of the foregoing, mixed mu-ago 
nists/antagonists, mu-antagonist combinations, and the like. 
The opioid analgesic may be in the form of the free base, a 
salt, a complex, etc. In certain preferred embodiments, the 
opioid analgesic is selected from the group consisting of 
hydromorphone, oxycodone, dihydrocodeine, codeine, 
dihydromorphine, morphine, buprenorphine, salts of any of 
the foregoing, and mixtures of any of the foregoing. 

[0047] In one preferred embodiment the sustained-release 
opioid oral dosage form of the present invention includes 
hydromorphone as the therapeutically active ingredient in an 
amount from about 4 to about 64 mg hydromorphone 
hydrochloride. In another preferred embodiment, the opioid 
analgesic comprises morphine, and the sustained release oral 
dosage forms of the present invention include form about 5 
mg to about 800 mg morphine, by Weight. Alternatively, the 
dosage form may contain molar equivalent amounts of other 
hydromorphone or morphine salts or of the base. In certain 
preferred embodiments Wherein the opioid is morphine, the 
maximum plasma concentration is from about 2 ng/ml to 
about 14 ng/ml, and preferably is from about 3 ng/ml to 
about 8 ng/ml, based on a 30 mg dose of morphine sulfate. 
In another preferred embodiment, the opioid analgesic com 
prises oxycodone, the sustained release oral dosage forms of 
the present invention include from about 5 mg to about 400 
mg oxycodone. In other preferred embodiments, the dosage 
form contains an appropriate amount of another of the 
opioid analgesics to provide a substantially equivalent thera 
peutic effect. 

[0048] The sustained release dosage forms of the present 
invention generally achieve and maintain therapeutic levels 
substantially Without signi?cant increases in the intensity 
and/or degree of concurrent side effects, such as nausea, 
vomiting or droWsiness, Which are often associated With 
high blood levels of opioid analgesics. There is also evi 
dence to suggest that the use of the present dosage forms 
leads to a reduced risk of drug addiction. Furthermore, the 
sustained release dosage forms of the present invention 
preferably releases the opioid analgesic at a rate that is 
independent of pH, e.g., betWeen pH 1.6 and 7.2. In other 
Words, the dosage forms of the present invention avoid 
“dose dumping” upon oral administration. 

[0049] In the present invention, the oral opioid analgesics 
have been formulated to provide for an increased duration of 
analgesic action alloWing once-daily dosing. Surprisingly, 
these formulations, at comparable daily dosages of conven 
tional immediate release drug, are associated With a loWer 
incidence in severity of adverse drug reactions and can also 
be administered at a loWer daily dose than conventional oral 
medication While maintaining pain control. 
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[0050] The retardant material utiliZed in the sustained 
release formulations of the invention may be one Which is 
knoWn in the art, including but not limited to acrylic 
polymers, alkylcelluloses, shellac, Zein, hydrogenated veg 
etable oil, hydrogenated castor oil, and mixtures of any of 
the foregoing. 

[0051] In certain preferred embodiments of the present 
invention, the sustained release opioid dosage forms com 
prise a plurality of substrates comprising the active ingre 
dient, Which substrates are coated With a sustained release 
coating comprising a retardant material. The coating formu 
lations of the present invention should be capable of pro 
ducing a strong, continuous ?lm that is smooth and elegant, 
capable of supporting pigments and other coating additives, 
non-toxic, inert, and tack-free. 

[0052] The sustained release preparations of the present 
invention may be used in conjunction With any multi 
particulate system, such as beads, spheroids, microspheres, 
seeds, pellets, ion-exchange resin beads, and other multi 
particulate systems in order to obtain a desired sustained 
release of the therapeutically active agent. Beads, granules, 
spheroids, or pellets, etc., prepared in accordance With the 
present invention can be presented in a capsule or in any 
other suitable unit dosage form. 

[0053] When the substrates of the present invention are 
inert pharmaceutical beads, the inert pharmaceutical beads 
may be from about 8 mesh to about 50 mesh. In certain 

preferred embodiments, the beads are, e.g., nu pariel 18/20 
beads. 

[0054] In certain preferred embodiments of the present 
invention, the sustained release opioid dosage forms com 
prise a plurality of substrates comprising the active ingre 
dient, Which substrates are coated With a sustained release 
coating. The coating formulations of the present invention 
should be capable of producing a strong, continuous ?lm 
that is smooth and elegant, capable of supporting pigments 
and other coating additives, non-toxic, inert, and tack-free. 

[0055] In order to obtain a sustained release of the opioid 
suf?cient to provide an analgesic effect for the extended 
durations set forth in the present invention, the substrate 
comprising the therapeutically active agent may be coated 
With a suf?cient amount of 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 uti 
liZed and the desired release rate, among other things. 

[0056] In order to obtain a sustained release of the opioid 
suf?cient to provide an analgesic effect for the extended 
durations set forth in the present invention, the substrate 
comprising the therapeutically active agent may be coated 
With a suf?cient amount of retardant 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 uti 
liZed and the desired release rate, among other things. 
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[0057] The solvent Which is used for the retardant mate 
rial, Which is typically hydrophobic, may be any pharma 
ceutically acceptable solvent, including Water, methanol, 
ethanol, methylene chloride and mixtures thereof. It is 
preferable hoWever, that the coatings be based upon aqueous 
dispersions of the hydrophobic material. 

[0058] In certain preferred embodiments of the present 
invention, the hydrophobic polymer comprising the sus 
tained release coating is a pharmaceutically acceptable 
acrylic polymer, including but not limited to acrylic acid and 
methacrylic acid copolymers, methyl methacrylate copoly 
mers, ethoxyethyl methacrylates, cynaoethyl methacrylate, 
aminoalkyl methacrylate copolymer, poly(acrylic acid), 
poly(methacrylic acid), methacrylic acid alkylamide copoly 
mer, poly(methyl methacrylate), poly(methacrylic acid 
anhydride), methyl methacrylate, polymethacrylate, poly(m 
ethyl methacrylate) copolymer, polyacrylamide, aminoalkyl 
methacrylate copolymer and glycidyl methacrylate copoly 
mers. 

[0059] In certain preferred embodiments, the acrylic poly 
mer is comprised of one or more ammonio methacrylate 
copolymers. Ammonio methacrylate copolymers are Well 
knoWn in the art, and are described in NF XVII as fully 
polymerized copolymers of acrylic and methacrylic acid 
esters With a loW content of quaternary ammonium groups. 

[0060] In one preferred embodiment, the acrylic coating is 
an acrylic resin lacquer used in the form of an aqueous 
dispersion, such as that Which is commercially available 
from Rohm Pharma under the Tradename Eudragit®. In 
further preferred embodiments, the acrylic coating com 
prises a mixture of tWo acrylic resin lacquers commercially 
available from Rohm Pharma under the Tradenames 
Eudragit® RL 30 D and Eudragit® RS 30 D, respectively. 
Eudragit® RL 30 D and Eudragit® RS 30 D are copolymers 
of acrylic and methacrylic esters With a loW content of 
quaternary ammonium groups, the molar ratio of ammonium 
groups to the remaining neutral (meth)acrylic esters being 
1:20 in Eudragit® RL 30 D and 1:40 in Eudragit® RS 30 D. 
The mean molecular Weight is about 150,000. The code 
designations RL (high permeability) and RS (loW perme 
ability) refer to the permeability properties of these agents. 
Eudragit® RL/RS mixtures are insoluble in Water and in 
digestive ?uids. HoWever, coatings formed from the same 
are sWellable and permeable in aqueous solutions and diges 
tive ?uids. 

[0061] The Eudragit® RL/RS dispersions of the present 
invention may be mixed together in any desired ratio in 
order to ultimately obtain a sustained release formulation 
having a desirable dissolution pro?le. Desirable sustained 
release formulations may be obtained, for instance, from a 
retardant coating derived from 100% Eudragit® RL, 50% 
Eudragit® RL and 50% Eudragit® RS, and 10% Eudragit® 
RL: Eudragit® 90% RS. Of course, one skilled in the art Will 
recogniZe that other acrylic polymers may also be used, such 
as, for example, Eudragit® L. 

[0062] In other preferred embodiments, the hydrophobic 
polymer Which may be used for coating the substrates of the 
present invention is a hydrophobic alkyl cellulosic material 
such as ethylcellulose. Those skilled in the art Will appre 
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ciate that other cellulosic polymers, including other alkyl 
cellulosic polymers, may be substituted for part or all of the 
ethylcellulose included in the hydrophobic polymer coatings 
of the present invention. 

[0063] One commercially available aqueous dispersion of 
ethylcellulose is Aquacoat® (FMC Corp., Philadelphia, Pa., 
U.S.A.). Aquacoat® is prepared by dissolving the ethylcel 
lulose in a Water-immiscible organic solvent and then emul 
sifying the same in Water in the presence of a surfactant and 
a stabiliZer. After homogenization to generate submicron 
droplets, the organic solvent is evaporated under vacuum to 
form a pseudolatex. The plasticiZer is not incorporated in the 
pseudolatex during the manufacturing phase. Thus, prior to 
using the same as a coating, it is necessary to intimately mix 
the Aquacoat® With a suitable plasticiZer prior to use. 

[0064] Another aqueous dispersion of ethylcellulose is 
commercially available as Surelease® (Colorcon, Inc., West 
Point, Pa., USA.) This product is prepared by incorporat 
ing plasticiZer into the dispersion during the manufacturing 
process. A hot melt of a polymer, plasticiZer (dibutyl seba 
cate), and stabiliZer (oleic acid) is prepared as a homoge 
neous mixture, Which is then diluted With an alkaline solu 
tion to obtain an aqueous dispersion Which can be applied 
directly onto substrates. 

[0065] In embodiments of the present invention Where the 
coating comprises an aqueous dispersion of a hydrophobic 
polymer, the inclusion of an e?‘ective amount of a plasticiZer 
in the aqueous dispersion of hydrophobic polymer Will 
further improve the physical properties of the ?lm. For 
example, because ethylcellulose has a relatively high glass 
transition temperature and does not form ?exible ?lms under 
normal coating conditions, it is necessary to plasticiZe the 
ethylcellulose before using the same as a coating material. 
Generally, the amount of plasticiZer included in a coating 
solution is based on the concentration of the ?lm-former, 
e.g., most often from about 1 to about 50 percent by Weight 
of the ?lm-former. Concentration of the plasticiZer, hoWever, 
can only be properly determined after careful experimenta 
tion With the particular coating solution and method of 
application. 
[0066] Examples of suitable plasticiZers for ethylcellulose 
include Water insoluble plasticiZers such as dibutyl sebacate, 
diethyl phthalate, triethyl citrate, tributyl citrate, and triace 
tin, although it is possible that other Water-insoluble plasti 
ciZers (such as acetylated monoglycerides, phthalate esters, 
castor oil, etc.) may be used. Triethyl citrate is especially 
preferred. 
[0067] Examples of suitable plasticiZers for the acrylic 
polymers of the present invention include citric acid esters 
such as triethyl citrate NF XVI, tributyl citrate, dibutyl 
phthalate, and possibly 1,2-propylene glycol, polyethylene 
glycols, propylene glycol, diethyl phthalate, castor oil, and 
triacetin, although it is possible that other Water-insoluble 
plasticiZers (such as acetylated monoglycerides, phthalate 
esters, castor oil, etc.) may be used. Triethyl citrate is 
especially preferred. 
[0068] The sustained release pro?le of the formulations of 
the invention can be altered, for example, by varying the 
thickness of the hydrophobic coating, changing the particu 
lar hydrophobic material used, or altering the relative 




























