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(57) ABSTRACT 

Disclosed are sustained release oral solid dosage forms 
comprising a therapeutically effective amount of a medica 
ment having a solubility of more than about 10 g/l; a pH 
modifying agent; and a sustained release matrix comprising 
a gelling agent, said gelling agent comprising a het 
eropolysaccharide gum and a homopolysaccharide gum 
capable of cross-linking said heteropolysaccharide gum 
When exposed to an environmental ?uid, said dosage form 
providing a sustained release of said medicament after oral 
administration to human patients. 
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SUSTAINED RELEASE MATRIX SYSTEMS FOR 
HIGHLY SOLUBLE DRUGS 

[0001] This application claims the bene?t of provisional 
application Serial No. 60/157,200 ?led Sep. 30, 1999, the 
disclosure of Which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The advantages of controlled release products are 
Well knoWn in the pharmaceutical ?eld and include the 
ability to maintain a desired blood level of a medicament 
over a comparatively longer period of time While increasing 
patient compliance by reducing the number of administra 
tions necessary to achieve the same. These advantages have 
been attained by a Wide variety of methods. For example, 
different hydrogels have been described for use in controlled 
release medicines, some of Which are synthetic, but most of 
Which are semi-synthetic or of natural origin. A feW contain 
both synthetic and non-synthetic material. HoWever, some 
of the systems require special process and production equip 
ment, and in addition some of these systems are susceptible 
to variable drug release. 

[0003] Oral controlled release delivery systems should 
ideally be adaptable so that release rates and pro?les can be 
matched to physiological and chronotherapeutic require 
ments. 

[0004] For the most part, the release rate of oral delivery 
systems have been classi?ed according to the mechanism of 
release, such as Zero order, ?rst order, second order, pseudo 
?rst order, and the like, although many pharmaceutical 
compounds release medicament via other, complicated 
mechanisms. 

[0005] First order mechanisms refer to situations Where 
the reaction rate is dependent on the concentration of the 
reacting substance (and therefore is dependent on the ?rst 
poWer of the reactant). In such mechanisms, the substance 
decomposes directly into one or more products. 

[0006] Second order mechanisms occur When the experi 
mentally determined rate of reaction is proportional to the 
concentration of each of tWo reactants, or to the second 
poWer of the concentration of one reactant. 

[0007] Pseudo ?rst order reactions are generally de?ned as 
second order reactions Which behave as though they are 
governed by a ?rst order mechanism, and occur, for 
example, When the amount of one reacting material is 
manipulated by being present in great excess or being 
maintained at a constant concentration as compared to the 
other substance. In such circumstances, the reaction rate is 
determined by the manipulated substance. 

[0008] Zero order mechanisms refer to situations Where 
the reaction rate is independent of the concentration of the 
reacting substance (and therefore is dependent on the Zero 
poWer of the reactant), the limiting factor being something 
other than the concentration of the reacting substance (e.g., 
the medicament). The limiting factor in a Zero order mecha 
nism may be, for example, the solubility of the reacting 
substance or the light intensity in photochemical reactions. 

[0009] As previously mentioned, hoWever, many chemical 
reactions are not simple reactions of Zero-, ?rst-, or second 
order, and the like, and instead comprise a combination of 
tWo or more reactions. 
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[0010] Moreover, other factors may in?uence the reaction 
rate, including temperature, pH, food effect variability, ions 
and ionic strength dependency, viscosity dependency, cor 
rosion/erosion variability, content uniformity problems, How 
and Weight uniformity problems, carrying capacity and 
mechanical strength problems, hydrolysis, photochemical 
decomposition, interaction betWeen components (such as 
interactions betWeen the drug and other ingredients in the 
formulation, such as buffers, preservatives, and the like), the 
concentration of solvents of loW dielectric constant (When 
the reaction involves oppositely charged ions), etc. 

[0011] While many controlled and sustained release for 
mulations are already knoWn, certain soluble to highly 
soluble drugs present formulation dif?culties When included 
in such formulations. Sustained release formulations With 
soluble drugs are susceptible to “dose dumping”. This 
occurrence is Where the release of the active ingredient is 
delayed, but When release is initiated, the rate is extremely 
high. This elevated release rate is associated With blood 
plasma ?uctuations Which can possibly result in decreased 
therapeutic effect or increased toxicity. These are the same 
problems Which sustained release formulations are supposed 
to solve. 

[0012] Further, it is often not possible to readily predict 
Whether a particular sustained release formulation Will pro 
vide the desired sustained release for a soluble to highly 
soluble drug. It has generally been found that it is necessary 
to carry out considerable experimentation to obtain sus 
tained release formulations providing the desired bioavail 
ability of such drugs When ingested. 

[0013] In order to compensate for the unpredictability 
associated With having a controlled release formulation 
provide the desired sustained release for a soluble to highly 
soluble drug, it is sometimes considered desirable to provide 
a formulation With bi-modal or multi-phasic kinetics. Bimo 
dal or multi-phasic release maybe characteriZed by an initial 
high rate folloWed by a sloWer rate as the dosage form passes 
the upper portion of the small intestine Where absorption is 
maximum and ?nally another higher rate as the dosage form 
passes into the further end of the intestine Where absorption 
is less than before. 

[0014] Bimodal release is considered to be advantageous 
for a number of reasons, including but not limited to the fact 
that bimodal release alloWs the formulator to compensate for 
changing absorption rates of the medicament in the gas 
trointestinal tract by providing a rapid onset of action (When 
the formulation is located in the stomach) and compensate 
for relatively sloW absorption by providing a relatively rapid 
release rate (e. g., When the formulation is located in the large 
intestine). 
[0015] Bimodal release formulations have been provided 
in a number of different manners to date. 

[0016] For example, International Publication Number 
WO/87/00044 describes therapeutic formulations Which are 
said to have bimodal release characteristics. WO 87/00044 
describes a carrier base material for therapeutically active 
medicaments in a solid dosage formulation that are said to 
produce a bimodal controlled release pro?le characteriZed 
by a rapid initial release of medicament folloWed by a 
substantially constant rate of release for a period of time, 
after Which the release rate is greater than the constant rate 
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previously observed. The carrier based material comprises 
bimodal hydroxypropylmethylcellulose ethers With a meth 
oxy content of 19-30%, a hydroxy propoxy content of 
4-12%, a viscosity of 40-19,000 cps, an average molecular 
Weight of 20,000-140,000, and Which demonstrates a bimo 
dal release pro?le in accordance With an assay method 
described therein. The bimodal hydroxypropylmethylcellu 
loses comprise 5-99% by Weight of the total formulation, 
depending upon the active ingredient and length of drug 
released desire. 

[0017] A. C. Shah et al., “Gel-Matrix Systems Exhibiting 
Bimodal Controlled Release For Oral Drug Delivery”, Jour 
nal of Controlled Release, 9(1989), pp. 169-175, further 
reported that certain “types” of hydroxypropylmethylcellu 
lose ethers are found to display a bimodal drug release 
pro?le. HoWever, in that study, series of hydroxypropylm 
ethylcellulose ether polymers Were found to provide bimo 
dal and non-bimodal release pro?les from polymer-drug 
matrix tablets, Which results appeared to depend upon the 
supplier of the polymer (and therefore upon, e. g., the method 
of manufacture, ionic composition, variations in the distri 
bution of substituent groups, or distribution of molecular 
Weight fractions). 
[0018] P. Giunchedi et al., “Ketoprofen Pulsatile Absorp 
tion From ‘Multiple Unit’ Hydrophilic Matrices” Interna 
tional Journal of Pharmaceutics, 77(1991), pp 177-181 
described an extended release oral formulation of Ketopro 
fen comprising a multiple unit formulation constituted by 
four hydrophilic matrices of identical composition, each 
containing 50 mg of drug and prepared With hydroxypro 
pylmethylcellulose (Methocel.RTM.) and placed in a gelatin 
capsule. Pulsatile plasma levels (2 peaks at 2nd and 8th 
hours after dosing) Were said to be obtained, Whereas in vitro 
tests resulted in a fairly constant drug release. 

[0019] U. Conte et al., “A NeW Ibuprofen Pulsed Release 
Oral Dosage Form”, Drug. Development And Industrial 
Pharmacy, 15(14-16), pp 2583-2596 (1989) reported that a 
pulsed released pattern Was obtained from a 3-layer tablet 
Wherein tWo layers contained a dose of drug, and an inter 
mediate layer acted as a control element separating the drug 
layers. The control element Was a mixture of Water 
sWellable polymers (hydroxypropylmethylcelluloses). An 
outer ?lm of an impermeable polymer coated the tablet. A 
superdisintegrant (sodium starch glycolate and cross-linked 
polyvinyl pyrrolidone) Was included in the drug layers. 

[0020] K. A. Kahn et al, “Pharmaceutical Aspects And 
In-Vivo Performance Of Brufen Retard—An Ibuprofen SR 
Matrix Tablet”, Proced. Intern. Symp. Control. Rel. Bioact. 
Mater., 18(1991), Controlled Release Society, Inc., 
describes a formulation containing 800 mg of ibuprofen 
Which is said to provide a bimodal release pattern. The 
release retarding agent utiliZed therein Was xanthan gum. 
The ingredients Were blended to the appropriate xanthan 
gum content, and thereafter compressed into tablets and ?lm 
coated. The amount of xanthan gum included inversely 
affected the rate of drug release. An increase in drug particle 
siZe or quantity of ?lm-coat per tablet did not signi?cantly 
effect the rate of drug release. Although an increase in 
particle siZe of the xanthan gum caused a more pronounced 
burst effect, the application of the ?lm-coat overcame this 
burst effect. The rapid initial release of the medicament Was 
hypothesiZed to be related to changes in the formation of the 

Sep. 2, 2004 

gel layer, Wherein larger particles gel more sloWly and are 
sloughed off before a coherent matrix can form. 

[0021] In our US. Pat. Nos. 4,994,276, 5,128,143, and 
5,135,757, hereby incorporated by reference, We reported 
that a controlled release excipient Which is comprised of 
synergistic heterodisperse polysaccharides (e.g., a het 
eropolysaccharide such as xanthan gum in combination With 
a polysaccharide gum capable of cross-linking With the 
heteropolysaccharide, such as locust bean gum) is capable of 
processing into oral solid dosage forms using either direct 
compression, folloWing addition of drug and lubricant poW 
der, conventional Wet granulation, or a combination of the 
tWo. The release of the medicament from the formulations 
therein proceeded according to Zero-order or ?rst-order 
mechanisms. 

[0022] Our oWn US. Pat. No. 5,472,711 and 5,478,574, 
hereby incorporated by reference, We report a formulation 
capable of providing multi-phasic or bi-phasic controlled 
release of a therapeutically active medicament in vitro by 
incorporating an effective amount of a pharmaceutically 
acceptable surfactant With the above-referenced excipient. 

[0023] An example of a highly soluble drug used in the 
present invention is diltiaZem, Which is a benZothiaZine 
derivative possessing calcium antagonist activity. DiltiaZem 
is Widely used in the treatment of hypertension and angina. 
Accordingly, a great deal of attention has been given to the 
preparation of sustained release diltiaZem Which provides an 
acceptable release pro?le. 

[0024] For example US. Pat. Nos. 4,894,240 and 5,364, 
620 (Geoghegan, et al.) describe a diltiaZem pellet formu 
lation suitable for once daily administration. This formula 
tion comprises a diltiaZem core in association With an 
organic acid, surrounded by an insoluble multi-layer mem 
brane. The membrane alloWs the release of diltiaZem from 
the pellet at a rate alloWing controlled absorption over a 24 
hour period folloWing administration. 

[0025] Other techniques have been described in the prior 
art for preparing sustained release diltiaZem formulations. 
For example, US. Pat. No. 5,419,917, (Chen et al.) 
describes a composition Which controls the rate of release of 
diltiaZem from a hydrogel using a pharmaceutically effective 
ioniZable compound. 

[0026] Another example of a highly soluble drug used in 
the present invention is oxybutynin. Oxybutynin is Widely 
used in the treatment of urological disorders, e.g., hyperac 
tive bladder. Our oWn US. Pat. No. 5,399,359 discloses an 
oxybutynin sustained release formulation comprising a 
pharmaceutically effective amount of oxybutynin dispersed 
Within a sustained release matrix comprising a gelling agent, 
an effective amount of a pharmaceutically acceptable Water 
soluble cationic cross-linking agent Which cross-links With 
the gelling agent When the formulation is exposed to an 
environmental ?uid, e.g., gastrointestinal ?uid, and an inert 
diluent. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0027] It is an object of the present invention to provide a 
bioavailable sustained release formulation for soluble to 
highly soluble therapeutically active medicaments. 



US 2004/0170684 A1 

[0028] It is a further object of the present invention to 
provide a formulation Which can provide multi-phasic or 
bi-phasic controlled release for soluble to highly soluble 
medicaments. 

[0029] It is a further object of the present invention to 
provide a method for preparing a bioavailable sustained 
release formulation for soluble to highly soluble therapeu 
tically active medicaments. 

[0030] It is yet another object of the present invention to 
provide a sustained release matrix Which may be used in the 
preparation of a sustained release oral solid dosage form of 
soluble to highly soluble therapeutically active medica 
ments. 

[0031] It is a further object of the present invention to 
provide a sustained release matriX Which is suitable for 
providing, When combined With a medicament, a sustained 
release formulation Which provides therapeutically effective 
blood levels of the medicament for e.g., 12 or 24 hours. 

[0032] It is a further object of the invention to provide a 
diltiaZem sustained release matriX formulation Which pro 
vides a plasma pro?le similar to commercially available 
sustained release formulations, e.g., CardiZem CD. 

[0033] It is a further object of the invention to provide a 
oXybutynin sustained release matriX formulation Which pro 
vides a plasma pro?le similar to commercially available 
sustained release formulations, e.g., Ditropan XL. 

[0034] The above-mentioned objects and others are 
achieved by virtue of the present invention, Which relates in 
part to the surprising discovery that the incorporation of a 
pH modifying agent into a dosage form comprising a gelling 
agent, facilitates the release of the drug from the dosage 
form and provides a high bioavailability. 

[0035] In certain embodiments, the sustained release oral 
solid dosage form comprises a therapeutically effective 
amount of a medicament having a solubility of more than 
about 10 g/l; a pH modifying agent; and a sustained release 
matriX comprising a gelling agent, the gelling agent com 
prising a heteropolysaccharide gum and a homopolysaccha 
ride gum capable of cross-linking the heteropolysaccharide 
gum When eXposed to an environmental ?uid. Preferably, the 
dosage form provides a sustained release of the medicament 
for at least about 12 hours, preferably at least about 24 hours. 

[0036] In certain embodiments, the dosage form further 
comprises a) a pharmaceutically acceptable surfactant Which 
can provide a multi-phasic release of the drug; b) an inert 
diluent selected from, e.g., a monosaccharide, a disaccha 
ride, a polyhydric alcohol, or miXtures thereof; c) a hydro 
phobic material to sloW the hydration of the gelling agent; 
and/or d) an effective amount of a pharmaceutically accept 
able ioniZable gel strength enhancing agent suitable for 
modifying the release rate from the gel Which is formed 
When the controlled release formulation is eXposed to an 
environmental ?uid. In a preferred embodiment, the formu 
lation of the present invention comprises a tablet. 

[0037] In a preferred embodiment of the invention, the 
ratio of medicament to gelling agent is preferably from 
about 10:1 to about 1:10, more more preferably from about 
5:1 to about 1:5, and most preferably from about 1.25:1 to 
about 2:1. 
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[0038] The present invention is also related to a method 
for providing a sustained release formulation of a medica 
ment having high solubility in Water, comprising preparing 
a matriX comprising a gelling agent comprising a het 
eropolysaccharide gum and a homopolysaccharide gum 
capable of cross-linking said heteropolysaccharide gum 
When eXposed to an environmental ?uid; an optional ioniZ 
able gel strength enhancing agent, an optionally inert phar 
maceutical diluent; and an optional hydrophobic material, 
and thereafter adding a soluble to highly soluble medica 
ment, a pH modifying agent and an optional pharmaceuti 
cally acceptable surfactant. Thereafter the resulting mixture 
is tableted such that a product is obtained having a ratio of 
medicament to gelling agent from about 10:1 to about 1:10, 
more preferably from about 5:1 to about 1:5, and most 
preferably from about 1.25:1 to about 2:1, such that a gel 
matriX is created When the tablet is eXposed to an environ 
mental ?uid and such that the tablets each contain a thera 
peutically effective amount of the medicament. The resulting 
tablet provides therapeutically effective blood levels of the 
medicament for at least about 12 hours, and preferably about 
24 hours. 

[0039] The present invention is further related to a method 
of treating a patient by orally administering an oral solid 
dosage form as set forth above. 

[0040] In certain preferred embodiments of the invention, 
the matriX can be prepared from a pre-granulated sustained 
release eXcipient comprising, eg from about 10 to about 
99% by Weight of a gelling agent, from about 0 to about 20% 
by Weight of an ioniZable gel strength enhancing agent, from 
about 1 to about 89% by Weight of an inert pharmaceutical 
diluent, and from about 1 to about 20% of a hydrophobic 
material. 

[0041] In other preferred embodiments the miXture of the 
matriX and inert diluent are granulated before the addition of 
the medicament, With a dispersion or solution of the hydro 
phobic material in an amount suf?cient to sloW the hydration 
of the matriX Without disrupting the same. 

[0042] In other preferred embodiments of the invention, a 
?rst portion of the medicament is introduced during the 
granulation of the eXcipient, and a second portion of the drug 
is introduced eXtragranularly, or after the granulation step. 
Such an embodiment provides an initial rapid release of the 
medicament. 

[0043] In preferred embodiments, the medicament is 
highly soluble, i.e., has a solubility of more than about 100 
g/l. 
[0044] In other preferred embodiment, the medicament 
comprises a calcium channel blocker, preferably a benZothi 
aZine, most preferably diltiaZem or a pharmaceutically 
acceptable salt thereof. 

[0045] In other preferred embodiments, the medicament 
comprises an antispasmodic, preferably oXybutynin or a 
pharmaceutically acceptable salt thereof. 

[0046] By “sustained release” it is meant for purposes of 
the present invention that the therapeutically active medi 
cament is released from the formulation at a controlled rate 
such that therapeutically bene?cial blood levels (but beloW 
toXic levels) of the medicament are maintained over an 
eXtended period of time, e.g., at least about 12 hour or at 
least about 24 hours. 
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[0047] By “bioavailable” it is meant for purposes of the 
present invention that the therapeutically active medicament 
is absorbed from the sustained release formulation and 
becomes available in the body at the intended site of drug 
action, preferably Within 80% of a reference standard (based 
on comparison of the AUC). 

[0048] By “soluble”, it is meant that the therapeutically 
active medicament has an aqueous solubility of more than 
about 10 grams per liter (g/l). 

[0049] By “highly soluble”, it is meant that the therapeu 
tically active medicament has an aqueous solubility of more 
than about 100 grams per liter (g/l). 

[0050] The term “environmental ?uid” is meant for pur 
poses of the present invention to encompass, e.g., an aque 
ous solution, or gastrointestinal ?uid. 

[0051] The term “pH modifying agent” is meant for pur 
poses of the present invention to mean any substance Which 
decreases the ioniZation of the medicament, Whereby the 
release of the drug from the hydrogel matriX and into 
solution is facilitated. 

[0052] The term “CmaX” is meant for purposes of the 
present invention to mean then maXimum plasma concen 
tration of a medicament achieved after administration of a 
dosage form in accordance With the invention. 

[0053] The term “TmaX” is meant for purposes of the 
present invention to mean the elapsed time from adminis 
tration of a dosage form to the time the CmaX of the 
medicament is achieved 

[0054] The term “W50”1 is meant for purposes of the 
present invention to mean the time period measured by the 
Width of the plasma concentration curve at 50% of the height 
of the CmaX. 

[0055] For purposes of the present invention, the dosage 
form can have bi-modal kinetics, and accordingly, there can 
be multiple CmaXs, TmaXs and Wsos for the disclosed 
dosage forms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] 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. 

[0057] FIG. 1 is a graphical representation of the disso 
lution (mean percent dissolved over time) for EXamples 1 
and 2. 

[0058] FIG. 2 is a graphical representation of the disso 
lution (mean percent dissolved over time) for EXamples 3 
and 4. 

[0059] FIG. 3 is a graphical representation of the disso 
lution (mean percent dissolved over time) for EXamples 5 
and 6. 

[0060] FIG. 4 is a graphical representation of the disso 
lution (mean percent dissolved over time) for EXamples 7 
and 8. 

[0061] FIG. 5 is a graphical representation of the disso 
lution (mean percent dissolved over time) for EXamples 9 
and 10. 
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[0062] FIG. 6 is a graphical representation of the disso 
lution (mean percent dissolved over time) for EXamples 11 
and 12. 

[0063] FIG. 7 is a graphical representation of the % 
release rate over time for EXamples 11 and 12. 

[0064] FIG. 8 is a graphical representation of the disso 
lution (mean percent dissolved over time) for EXamples 13 
and 18. 

[0065] FIG. 9 is a graphical representation of the disso 
lution (mean percent dissolved over time) for EXamples 19 
and 20. 

[0066] FIG. 10 is a graphical representation of the disso 
lution (mean percent dissolved over time) for Examples 
21-23. 

[0067] FIG. 11 is a graphical representation of the mean 
plasma diltiaZem concentration (ng/ml) over time for 
EXample 24 and for a reference standard (CardiZem CD 240 
mg). 
[0068] FIG. 12 is a graphical representation of the mean 
plasma diltiaZem concentration (ng/ml) over time for 
EXamples 25 and for a reference standard (CardiZem CD 
240 mg). 

[0069] FIG. 13 is a graphical representation of the disso 
lution (mean percent dissolved over time) for EXamples 26 
and 27. 

[0070] FIG. 14 is a graphical representation comparing 
the dissolution (mean percent dissolved over time) of 
EXample 37 and for a reference standard (Ditropan XL). 

DETAILED DESCRIPTION 

[0071] The sustained release matriX of the present inven 
tion can be a heterodisperse eXcipient (as previously 
reported in our US. Pat. Nos. 4,994,276, 5,128,143, and 
5,135,757) Which can comprise a gelling agent of both 
hetero- and homo-polysaccharides Which exhibit synergism, 
e.g., the combination of tWo or more polysaccharide gums 
produce a higher viscosity and faster hydration than that 
Which Would be eXpected by either of the gums alone, the 
resultant gel being faster-forming and more rigid. 

[0072] The term “heteropolysaccharide” as used in the 
present invention is de?ned as a Water-soluble polysaccha 
ride containing tWo or more kinds of sugar units, the 
heteropolysaccharide having a branched or helical con?gu 
ration, and having eXcellent Water-Wicking properties and 
immense thickening properties. 

[0073] An especially preferred heteropolysaccharide is 
Xanthan gum, Which is a high molecular Weight (>106) 
heteropolysaccharide. Other preferred heteropolysaccha 
rides include derivatives of Xanthan gum, such as deacylated 
Xanthan gum, the carboXymethyl ether, and the propylene 
glycol ester. 

[0074] The homopolysaccharide gums used in the present 
invention Which are capable of cross-linking With the het 
eropolysaccharide include the galactomannans, i.e., polysac 
charides Which are composed solely of mannose and galac 
tose. Galactomannans Which have higher proportions of 
unsubstituted mannose regions have been found to achieve 
more interaction With the heteropolysaccharide. Locust bean 
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gum, Which has a higher ratio of mannose to the galactose, 
is especially preferred as compared to other galactomannans 
such as guar and hydroxypropyl guar. 

[0075] The controlled release properties of the controlled 
release formulations of the present invention maybe opti 
miZed When the ratio of heteropolysaccharide gum to 
homopolysaccharide material is about 1115, although het 
eropolysaccharide gum in an amount of from about 10 to 
about 90 percent or more by Weight of the heterodisperse 
polysaccharide material provides an acceptable sloW release 
product. The combination of any homopolysaccharide gums 
knoWn to produce a synergistic effect When exposed to 
aqueous solutions may be used in accordance With the 
present invention. It is also possible that the type of syner 
gism Which is present With regard to the gum combination 
of the present invention could also occur betWeen tWo 
homogeneous or tWo heteropolysaccharides. Other accept 
able gelling agents Which may be used in the present 
invention include those gelling agents Well-knoWn in the art. 
Examples include vegetable gums such as alginates, carra 
geenan, pectin, guar gum, modi?ed starch, hydroxypropyl 
methylcellulose, methylcellulose, and other cellulosic mate 
rials such as sodium carboxymethylcellulose and 
hydroxypropyl cellulose. This list is not meant to be exclu 
s1ve. 

[0076] The inert diluent of the sustained release excipient 
preferably comprises a pharmaceutically acceptable saccha 
ride, including a monosaccharide, a disaccharide, or a poly 
hydric alcohol, and/or mixtures of any of the foregoing. 
Examples of suitable inert pharmaceutical ?llers include 
sucrose, dextrose, lactose, microcrystalline cellulose, fruc 
tose, xylitol, sorbitol, starches, mixtures thereof and the like. 
HoWever, it is preferred that a soluble pharmaceutical ?ller 
such as lactose, dextrose, sucrose, or mixtures thereof be 
used. The inert diluent or ?ller may alternatively comprise a 
pre-manufactured direct compression diluent as set forth 
beloW. 

[0077] For example, it is possible to dry mix the ingredi 
ents of the sustained release excipient Without utiliZing a Wet 
granulation step. This procedure may be utiliZed, for 
example, Where a Wet granulation is to be accomplished 
When the active ingredient is directly added to the ingredi 
ents of the sustained release excipient. On the other hand, 
this procedure may also be used Where no Wet granulation 
step Whatsoever is contemplated. If the mixture is to be 
manufactured Without a Wet granulation step, and the ?nal 
mixture is to be tableted, it is preferred that all or part of the 
inert diluent comprise a pre-manufactured direct compres 
sion diluent. Such direct compression diluents are Widely 
used in the pharmaceutical arts, and may be obtained from 
a Wide variety of commercial sources. Examples of such 
pre-manufactured direct compression excipients include 
Emcocel® (microcrystalline cellulose, N.F.), Emdex® (dex 
trates, N.F.), and Tab-Fine® (a number of direct-compres 
sion sugars including sucrose, fructose and dextrose), all of 
Which are commercially available from PenWest Pharma 
ceuticals Co., Patterson, NeW York). Other direct compres 
sion diluents include Anhydrous lactose (Lactose N.F., 
anhydrous direct tableting) from Shef?eld Chemical, Union, 
N]. 07083; Elcems® G-250 (poWdered cellulose), N.F.) 
from Degussa, D-600 Frankfurt (Main) Germany; Fast-Flo 
Lactose® (Lactose, N.F., spray dried) from Foremost Whey 
Products, Banaboo, Wis. 53913; Maltrin® (Agglomerated 
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maltodextrin) from Grain Processing Corp., Muscatine, 
IoWa 52761; Neosorb 60® (Sorbitol, N.F., direct-compres 
sion from Roquet Corp., 645 5th Ave., NeW York, NY. 
10022; Nu-Tab® (Compressible sugar, N.F.) from Ingredi 
ent Technology, Inc., Pennsauken, N]. 08110; Polyplasdone 
XL® (Crospovidone, N.F., cross-linked polyvinylpyrroli 
done) from GAF Corp., NeW York, NY. 10020; Primojel® 
(Sodium starch glycolate, N.F., carboxymethyl starch) from 
Generichem Corp., Little Falls, N]. 07424; Solka Floc® 
(Cellulose ?oc) from PenWest Pharmaceuticals Co., Patter 
son, NY. 10512; Spray-dried lactose® (Lactose N.F., spray 
dried) from Foremost Whey Products, Baraboo, Wis. 53913 
and DMV Corp., Vehgel, Holland; and Sta-Rx 1500® 
(Starch 1500) (PregelatiniZed starch, N.F., compressible) 
from Colorcon, Inc., West Point, Pa. 19486. 

[0078] In general, the formulation may be prepared as a 
directly compressible diluent, for example, by Wet granu 
lating, spray drying lactose or as a premixed direct com 
pression diluent by art knoWn methods. For purposes of the 
present invention, these specially treated inert diluents Will 
be referred to as “directly compressible” inert diluents. 

[0079] In certain embodiments, the ingredients of the 
sustained release excipient can be pre-manufactured. HoW 
ever, in other embodiments the active drug can be added to 
the excipient ingredients and that mixture melt granulated to 
form a granulation. Finally, Where a surfactant is used, the 
surfactant comprising the solubiliZed or dispersed diltiaZem 
or oxybutynin can be added directly to the mixture of 
ingredients. 

[0080] In further embodiments of the present invention, 
the directly compressible inert diluent Which is used in 
conjunction With the sustained release pharmaceutical 
excipient of the present invention is an augmented microc 
rystalline cellulose as disclosed in US. patent application 
Ser. No. 08/370,576, ?led Jan. 9, 1995, and entitled “PHAR 
MACEUTICAL EXCIPIENT HAVING IMPROVED 
COMPRESSIBILITY”, by J. Staniforth, B. SherWood and 
E. Hunter, hereby incorporated by reference in its entirety. 
The augmented microcrystalline cellulose described therein 
is commercially available under the tradename “Prosolv” 
from PenWest Pharmaceuticals Co. 

[0081] An effective amount of a pharmaceutically accept 
able surfactant can also be added to the above-mentioned 
ingredients of the excipient, or added at the time the medi 
cament is added, in order to increase the bioavailability of 
the medicament. An example of a suitable surfactant is 
docusate sodium in an amount up to about 15% by Weight 
of the solid dosage form. An especially preferred surfactant 
is sodium lauryl sulfate in an amount up to about 15% by 
Weight of the solid dosage form. 

[0082] In one embodiment, the surfactant is dissolved in a 
suitable solvent such as Water, and is thereafter added to the 
blended mixture of the sustained release excipient and the 
medicament. This alloWs the surfactant to Wet the particles 
of the excipient such that When the solvent evaporates the 
particles of the medicament Which precipitate are tiny and 
do not aggregate. A granulate of the medicament and the 
surfactant is obtained Which is preferably ?nely and homo 
geneously dispersed in the excipient. 

[0083] In certain embodiments of the present invention, 
e.g. Wherein the medicament is diltiaZem or oxybutynin, the 








































